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Preface

Gynecology is a dynamic medical specialty. Thanks to the implication of assisted reproduc‐
tion and minimally access therapy, all gynecologic subspecialties showed marvelous devel‐
opment in recent years. The field of infertility is expanding due to the implication of
sophisticated diagnostic aids. In modern practice, it seems illogic that we consider a case as
unexplained infertility without endoscopic evaluation. In this book, you will read many fer‐
tility-related gynecologic abnormalities detected by laparoscopy or hysteroscopy.

Gynecologists are accused to be calmer and less energetic than obstetricians. In this book,
your will find many gynecologic situations that necessities emergency diagnostic work up
and crash intervention in the same way like crash cesarean section. Detection of early mark‐
ers for diagnosis of ectopic pregnancy as well as step-by- step approach for all gynecologic
emergencies are present in two chapters of this book.

Some gynecologic endocrinal problems continue to be a real challenge for gynecologists.
The most famous syndrome is polycystic ovarian syndrome commonly encountered among
infertile women and those with abnormal menstrual patterns. Congenital adrenal hyperpla‐
sia is an important issue in this context. Both abnormalities are discussed in two separate
chapters in this book.

Prevention, screening as well as early management of gynecologic malignancies should be
in the core of any gynecologist's job. Gynecologic examination is the best chance for detec‐
tion of any pre-malignant lesion of the genital tract. The gynecologist has no excuse to miss
any of them or to underestimate female genital tract screening for malignant or pre-malig‐
nant lesion. Four chapters of this book will tackle this topic in details.

Thanks to liberal use of drugs for induction of superovulation and the wide spread of IVF/
ICSI, gynecologists commonly encounter a lot of cases of multiple pregnancy that require
prompt early management starting from prevention, fetal reduction and subsequent antena‐
tal management. More details are demonstrated on the last chapter on monchorionic twin
pregnancy.

In short, I am sure that you will enjoy refreshing your knowledge and adding some new
information on many gynecologic subspecialties if you go through this book.

Dr. Atef Darwish
Department of Obstetrics and Gynecology,

Woman's Health University Hospital
Assiut, Egypt





Section 1

Infertility





Chapter 1

Endoscopic Explanation of Unexplained Infertility

Atef M. Darwish

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59948

1. Introduction

1.1. Dilemma of definition of Unexplained Infertility (UI)

Infertility is a continuous challenge for all gynecologists worldwide. Unexplained infertility
(UI) is infertility in which the cause of the fertility impairment cannot be detected by use of
standard diagnostic measures like semen analysis, tests for ovulation and tubal patency. It
remains a clinical and scientific challenge [1]. Unexplained infertility is a source of anxiety for
couples desiring pregnancy. It can be diagnosed after a complete evaluation [2]. The Practice
Committee of the American Society for Reproductive Medicine (ASRM) has published
guidelines for a standard infertility evaluation [3]. UI does not mean there is no physical
explanation for the infertility, but that is just, medical tests have not identified any specific
problems [4, 5]. A quarter of infertility range (25%) cannot be explained because of current
tests are not perfect in finding all problems., the problem preventing pregnancy is not covered
by the usual range of tests for assessing infertility, or causes which are not yet understood by
scientists [4]. In the past decades, tremendous advancement in the field of infertility has been
made. The development of better methods of diagnosis due to better understanding of
physiology of ovulation, advent of ultrasound, endoscopy and other modern equipments have
changed the whole approach to this problem. [6]. Possible Etiologies for UI may include hostile
cervical mucus [7], subtle ovulatory dysfunction [8], luteal-Phase Defect [9], impaired fertil‐
izing ability of oocytes specially when associated with raised LH levels, hyperprolactinemia
[10], sperm dysfunction and antisperm Antibodies (151endometrial Steroid receptor defects
[12], some genetic [13], psychological [14] or immunological Causes [15]. Prospective studies
appear to have clearly demonstrated the substantial importance of even minimal endometrio‐
sis, which has been shown to be associated with impaired fertilization ability of oocyte and
presumably impaired follicular function. Changes in the intraperitoneal environment leading
to an inflammatory process in the absence of visible abnormalities have been suggested as

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



being causal in some cases of unexplained infertility [11]. Scientific curiosity must take second
place to a more pragmatic approach, which takes into account the clinical and financial costs
of making a more accurate diagnosis [5]. Laparoscopy is generally accepted as a good standard
for diagnosing tubal pathology or other pelvic reproductive diseases, such as adhesions and
endometriosis. Once identified, appropriate surgical treatment can be given, enhancing the
chance of spontaneous conception. Furthermore, in cases with poor prognosis, laparoscopy
could accelerate the commencement of (IVF), bypassing unnecessary cycles of ovulatory
stimulation with or without intrauterine insemination [16].

1.2. Is it logic to omit laparoscopy and hysteroscopy from the definition of UI?

There is a general consensus among gynecologists that tubal patency at HSG is quite assuring
about tubal factor and they proceed to investigate other factors or advise patients to try assisted
reproduction. On reviewing literature, Kahyaogla [17] found that laparoscopy can be omitted
if there is no risk factor for pelvic pathology while it is recommended if suspected endome‐
triosis or tubal pathology. Likewise, Bonneau et al. [16] examined 114 cases with UI by
laparoscopy and detected abnormalities in 83.4% (n=95) of patients. More and more studies in
addition to our day practice experience prefer to include laparoscopy and hysteroscopy in the
evaluation of cases with UI. We believe that diagnostic laparoscopy is an integral step of the
diagnostic work-up of any infertile couple before saying the term “unexplained”. Laparoscopy
can demonstrate previously undetected stage I or II endometriosis or periovarian or peritubal
adhesions in a substantial proportion of women. Detection of these abnormalities may result
in alternative treatment plans, such as surgery for endometriosis or direct referral to an IVF
program if there are peritubal adhesions. The following factors would affect implication of
laparoscopy as a routine test in all cases of UI including the availability of resources, the risk
associated with laparoscopy, the knowledge that laparoscopy demonstrates abnormalities not
otherwise detected by other infertility tests, and laparoscopic treatment of minimal and mild
endometriosis enhances fecundity.

1.3. When to perform endoscopy?

Timing of performing combined laparoscopy and hysteroscopy for cases of UI is a controver‐
sial issue as well. In one study, they recommended that transvaginal hydrolaparoscopy and
minihysteroscopy can be performed after a waiting period of 6-12 months in older women and
particularly in women experienced infertility awareness methods [18]. In our practice, timing
is a matter of individualization. If you have a patient with a persistent TVS abnormality that
requires Endoscopic assessment, it is a waste of time to defer the decision. This decision is of
high importance particularly if all other possible causes were excluded.

1.4. Current role of gynecologic endoscopy in UI

Including laparoscopy and hysteroscopy as a basic investigation for cases of UI would be
expected to detect the following:

• Missed fallopian tubal causes.

Contemporary Gynecologic Practice4
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• Hidden intrauterine infections.

• Missed ovarian causes.

• Missed intrauterine causes.

• Exploration of the fertilization site.

• Exploration of the implantation site.

2. Missed Fallopian tube abnormalities

Tubal factor infertility accounts for nearly one-quarter of all cases of infertility [19]. The
fallopian tubes may be abnormal in structure or function. Structural disorders can block the
fallopian tubes. They include tubal scarring or blockage most commonly from pelvic infections,
prior abdominal surgeries and endometriosis. Practically, many gynecologists are reluctant
when reporting on diagnostic laparoscopy. Some perform a single puncture intraumbilical
procedure that neglects an auxillary portal for proper grasping of the adnexa and thorough
evaluation of the ovarian fossa. Most of them comment on tubal patency only and neglect tubal
morphology, size, length and proximity to the pouch of Douglas. Rarely, they comment on the
mesosalpnix and Wolffian duct remnants.

2.1. What is the normal fallopian tube? It is a complex organ that should be

• Open with intact endosalpinx.: a patent tube per se is not a grantee that the tube is OK.

• Adequate length to reach the pelvic floor.

• Mobile to reach the site of released egg and to create a negative pressure in itself.

• Fimbria should be normal and freely mobile to direct the egg towards the tubal ostium.

3. Role of Hydatid of Morgagni in UI

The recommendations of all societies define UI after a free tubal patency test. They didn't define
which test. One of the great advantages of diagnostic laparoscopy is proper visualization of
the genital organs and the pelvis. Some Wollfian duct vestigial remnants could be easily seen
by laparoscopy like Hydatif of Morgagni and paratubal cysts and of course are not visible by
HSG.

Hydatid of Morgagni is commonly underestimated finding even by expert laparoscopists.
Tubal heaviness, possible fimbrial occlusion and restricted tubal mobility hindering ovum
pick-up from the pouch of Douglas are possible mechanisms of infertility. Whether they are
definite cause of infertility or not was studied in a randomized study [20]. They recruited a
total 455 patients. The 240 of them were pregnant to whom planned cesarean section (C/S) and

Endoscopic Explanation of Unexplained Infertility
http://dx.doi.org/10.5772/59948

5



the other 215 were infertile one who have undergone diagnostic laparoscopy. Fertile Group
(Group 1) consisted of women whom have become spontaneously pregnant without any kind
of infertility management. These are planned to undergo C/S with different indications.
Infertile group (Group 2) consisted of women diagnosed as unexplained infertility and
planned to undergo diagnostic laparoscopy according to ASRM 2006 guidelines. The frequen‐
cy, number, and the bilaterality of the MH were evaluated during the C/S in fertile group and
diagnostic laparoscopy in infertile group. SPSS was used for statistical analyses. The Morgagni
hydatids (MH) frequency was higher in Group 2 than Group 1 (P < 0.05). The bilaterality of
MHs was significantly higher in Group 2 than Group 1 (P < 0.05). The number of the MHs was
significantly higher in Group 2 than Group 1 (P < 0.05). They concluded that these findings
suggest a possible effect of MH on fertility. The theory of MH disturbing tubal motility with
respect to the pick-up and transport of ovum appears logical in this aspect.

Another non-randomized study [21] was conducted on two hundred and thirteen patients
with unexplained infertility and hydatid of Morgagni diagnosed at laparoscopy were includ‐
ed. The laterality (bilateral vs unilateral), location (fimbrial vs juxta-fimbrial), number (single
vs multiple) and diameter of the hydatids of Morgagni were recorded. Patients were allocated
to a study group (n=127) who underwent laparoscopic excision of hydatid of Morgagni and a
control group (n=86) who underwent no intervention. Patients were followed for six months
without any infertility or hormonal treatment to detect spontaneous pregnancy. Patients
missed during the follow-up or who received infertility treatment was excluded. Statistical
analysis was done using Chi-square test and Student's t-test. To find the most important
character of hydatid of Morgagni which impedes pregnancy, logistic regression analysis of the
dependent variable (no pregnancy) and independent variables (different characters ofhydatid
of Morgagni) was carried out in the control group. Hydatid of Morgagni was detected in 52.1%
of patients with unexplained infertility compared to 25.6% of those with explained infertility
(p<0.001). The pregnancy rate was higher in the study group than the control group (58.7% vs
20.6%, p<0.001). The pregnancy rate was significantly higher in the study group than the
control group if the hydatid cystwas bilateral (85.7% vs 5.3%, p<0.001), fimbrial (85.6% and
9.1%, p<0.001), single (57.6% and 30.3%, p<0.001) or 1-2 cm in diameter (58.1% and 25.5%,
p<0.001). Logistic analysis showed that the bilaterality and fimbrial location of thehydatid of
Morgagni were the most significant characteristics impeding pregnancy (odds ratio=7.27 and
3.67 respectively). They concluded that Hydatid of Morgagni is a possible underestimated
cause of unexplained infertility. Laparoscopic removal of hydatid of Morgagni in patients with
unexplained infertility was followed with a high spontaneous pregnancy rate. This is partic‐
ularly obvious with bilateral and fimbrial hydatid of Morgagni.

4. Undescended tubes

Sometimes during laparoscopy you may notice that the tubes are congenitally nearer to the
lateral pelvic wall or even adherent to it. By this way, the tubes are expected to be out of function
due to the wide distance between the fimbria and the pouch of Douglas. It is commonly seen
with some Mullerian duct anomalies.

Contemporary Gynecologic Practice6
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4.1. Subtle tubal endometriosis

These lesions are only seen by laparoscopy which may include: tubal sacculations. Diverticulae
[22], convolutions, phimosis, fimbrial agglutination or other subtle lesions (red, white or
vesicular lesions).

4.2. Typical tubal endometriosis

Black or blue lesions could be seen on the surface of the fallopian tube. It may affect tubal
motility, may cause tubal constriction or even occlusion. Generally, there is low fecundibility
rate in such cases. Laparoscopic coagulation would lead to fibrosis and subsequent constric‐
tion. No clear publication on this point found in literature so far.

4.3. Role of tubal functions in UI

To achieve pregnancy, in addition to patency, two paradoxical types of peristaltic movements
occur in the tubes. Muscular contractions of the distal part of tube and the cilia of its inner
lining move the egg toward the interstitial segment of the tube which acts like a muscle
sphincter and prevents the egg from being released into the uterus until it is ready for
implantation. On the other hand, the proximal part of the tube expresses peristalsis to attract
sperms to the site of implantation [23,24]. To date, tubal perstalsis and antiperstalsis are not
well understood. Some invitro 3D studies were recently published but did not fully explain
these complicated tubal phenomina [25]. Office hysteroscopy (OH) is a modern diagnostic tool
with expanding popularity all over the world [26]. Adding vaginoscopic approach to office
hysteroscopy is an extra simplification of the procedure with elimination of pain during
examination [27].

4.4. New horizons for tubal patency detection

Since a long time, HSG is the classic tubal patency test. Lipiodol HSG has been shown to
increase pregnancy rate which may be attributed to tubal patency or endometrial stimulation
with possible enhanced receptivity of the endometrium to embryo implantation even in
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women with history of endometriosis [28,29]. Nevertheless, due to its well known drawbacks
and complications (mainly pain), many women are afraid of doing HSG. Trials to improve its
performance were described as elimination of traction on the cervix by tenaculum or usage of
a pediatric Foley's catheter instead of the standard metal cannula [30] but still low patient
acceptability of this invasive procedure is encountered. Saline infusion sonography (SIS) is an
attractive alternative to HSG as it is a methodologically simple, cost effective, and time efficient
comprehensive evaluation [31]. In 1999, we described a simplified technique of SIS utilizing a
simple Nelaton catheter and 0.09% saline [32]. Despite its wide spread usage in many clinics,
the main drawbacks of SIS are failure to localize the side of tubal patency and failure to properly
visualize the tubes. Trials to improve results of SIS included the use of gel foam instead of
saline [33], use of B-flow ultraspnography [34], 3D ultrasonography [35] or even sophisticated
automated ultrasonography [36]. In the era of evidence-based medicine, Rubin pertubation
tubal patency test is no longer implemented in modern practice [37] because it is very subjective
and non-specific.

Definitely, hysteroscopy is the star of gynecologic endoscopy in recent years due to extended
indications in modern practice. This position can be attributed to many factors including more
technical refinement of instrumentation with better illumination and magnification, increased
IVF/ICSI cycles practice and failures, increased interest in studying uterine factor of recurrent
pregnancy loss (RPL), office usage with smaller caliber endoscopes omitting hospital admis‐
sion, and increased product promotion. Most important, vaginoscopic approach with elimi‐
nation of speculum insertion and traction on the cervix with a tenaculum had made
hysteroscopy as simple as vaginal examination with high patient acceptability as shown in this
study. OH saves money, omits stress for the patient, and improves health care services for the
community at large. We believe that this attractive tool is not designed just to explore the
endometrial cavity. The hysteroscopist should systematically examine the vagina, ectocervix,
endocervical canal, endometrial cavity as well as the tubal ostea. Many tubal causes of
infertility can be easily detected from the endoometrial cavity like polyps, fine adhesions or
occlusion. These advantages are offered to the patient with minimal costs unlike other
sophisticated and expensive approaches. For instance, MRI guided HSG was proved to be an
effective patency test [38] but the costs and complicity of the technique are against the office
principles.

Interest in hysteroscopic testing of tubal patency testing is not new. Hysteroscopic perturbation
utilizing a fine catheter inserted into the tubal ostea followed by injection of methylene blue
dye had been described [39]. If no reflux was seen, this means that the ostium was patent.

Unfortunately, they changed a simple office procedure into a complicated operation. They
used a 5.5 mm operative bridge that would definitely increase pain. They used fine catheters
and evaluated patency in a very subjective way without laparoscopic or even sonographic
confirmation. Non-reflux of the dye doesn't necessarily mean patency. Intravasation or false
passage due to unintentional perforation could be the cause. In short, their approach is similar
to hysteroscopic tubal cannulation but in a blind manner without laparoscopic or sonographic
monitoring.
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On the other hand, hysteroscopic bubble suction test addressed in this study is a unique
additional rapid costless step which could be done in every OH. What's new is to direct the
attention of the hysteroscopist to its value. Not only did this study prove tubal patency, but it
also clearly demonstrated an important tubal function which is tubal suction of sperms to the
ampulla for fertilization which is mostly attributed to peristalsis of the proximal tube. This
comes in accordance with recent interest in studying tubal function rather than just patency
[40]. It should be mentioned that we didn't inject air into the tubal ostea but just observed tubal
suction of the bubbles by the proximal part of the tube. Performing the procedure postmenst‐
rual (with less vascular completely healed endometrium) together with the generation of
minimal bubbles (that could pass through tubal ostia) and when needed slow injection of less
than 2 ml of air (inside the bulb of the infusion device and not the tube) almost eliminate any
risk of air embolism [41].

Two important issues that would compromise this test should be highlighted. The effect of
increased intrauterine pressure was not responsible for positive bubble suction as we observed
bubble suction after a while following uterine distension in a periodic manner despite keeping
the same intrauterine pressure all the time and no suction occurred in some cases despite
increased pressure up to 200 mmHg. The second issue is the possible effect of negative
intrauterine pressure which is again excluded by observing bubble suction after a while of
uterine cavity distension.

In this study, tubal block (even after increasing pressure into 200 mmHg) was suspected in
11.5% of women examined by OH (out of 76 women). Tubal block in the same set of women
was found in 7.2% when examined through laparoscopy. There was some overestimation
towards OH that may be attributed to subjective errors or tubal spasm. OH reports thick
adhesions related to the proximal tubal end in 6 women (3.9%). Regarding other tubal
abnormalities, normal laparoscopy was found to yield no abnormalities in HSG in 97% of cases
while abnormal laparoscopy is found to meet with only 54.5% of abnormal HSG.

When OH is combined with HSG, diagnostic indices for tubal block were lowered rather than
improved. This can be explained by that both OH and HSG diagnosed all the cases of tubal
block with 100% sensitivity, adding both methods to each other didn't add to the strength of
the detection. Contrarily, the false positive rates of the 2 methods add to each other and slightly
decrease the diagnostic accuracy. The degree of agreement between OH and laparoscopy in
evaluation of tubal patency was also quite interesting. Small sample size is a clear drawback
of this study. From this study, it is concluded that hysteroscopic babble suction test is a costless,
feasible and tolerable provisional test for tubal patency that should be attempted in every OH
done for infertile women. Observation of movement of the peritubal bulge during bubble
suction suggesting tubal peristalsis is interesting but requires more confirmatory studies.

5. Missed mesosalpingeal lesions

Mesosalpingeal lesions are perfectly seen by laparoscopy particularly if the lesion is small.
They may include:
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5.1. Paratubal cyst (Darwish et al., 2005) [42]

We constructed a study to define the proportion, methods of diagnosis and a simplified
laparoscopic technique for treating paratubal and paraovarian cysts in a prospective cross-
sectional study done at the Gynecologic Endoscopy Unit, Assiut University Hospital, Assiut,
Egypt. It comprised a total of 1853 patients submitted to video-assisted laparoscopy. Trans‐
vaginal ultrasonography (TVS) was done in all cases to detect a paratubal or paraovarian cyst.
Tubal shape and patency were evaluated using hysterosalpingography (HSG) in the infertile
group. Diagnostic laparoscopy was done to confirm the diagnosis of paratubal or paraovarian
cyst. Small cysts were punctured and coagulated, while larger cysts required cystectomty and
extraction of the cysts using bipolar electrosurgery. Cystectomy was preceeded by endocystic
visualization in all cases. Laparoscopically, only 118 patients (15.7%) were proved to have
paratubal or paraovarian cysts. Preoperatively, TVS was able to diagnose paratubal or
paraovarian cysts in 52 cases (44%) of them. Cysts less than 3 cm in size (34 cases) were treated
with simple puncture and bipolar coagulation of the cyst wall whereas larger cysts (84 cases)
were treated by cystectomy. Endocystic visualization using the 4-mm rigid hysteroscope was
done in 84 cases (71%) with big cysts. There was statistically significant improvement of tubal
patency after laparoscopic management. We concluded that sonographic diagnosis of the not
uncommon paratubal and paraovarian cysts is not always feasible and requires more aware‐
ness and accuracy. The characteristic laparoscopic differentiation from ovarian cysts is the
crossing of vessels over it. Endocystic endoscopic visualization is a valuable simple step prior
to cystectomy. Bipolar coagulation or extraction of these cysts diagnosed at laparoscopy is easy
and not time consuming and should be routinely done in all cases following the microsurgical
laparoscopic principles. The significant effect of paratubal cystectomy on tubal patency and
mobility supports the concept of routine removal of any paratubal or paraovarian cyst
discovered at laparoscopy. Additional value of removal of these cysts detected at laparoscopy
is exclusion of the rare possibility of malignancy (2-3%) and obtaining sufficient tissues for
histopathologic evaluation. Lastly, its extraction is relatively easy and less time consuming
unlike ovarian cystectomy.

5.2. Lipomesosalpnix

The classic tubal factors include post-inflammatory peritubal adhesions, prominal or diatal
tubal occlusion [43] which can be easily diagnosed by most gynecologists based on HSG. Other
rare tubal diseases are seldom investigated. For instance, salpingitis isthmica nodosa which is
a nodular swelling of the isthmic segment of the fallopian tube are rarely reported [44].
Anatomically, mesosalpnix is defined as the part of the broad ligament enclosing a fallopian
tube forming its mesentry. Histologically, it is formed of a thin layer of squamous epithelium
and a small amount of loose areolar connective tissue [45,46]. It contains sympathetic ganglia
and plexuses [47]. Laparoscopically, mesosalpnix is a thin vascular layer without evident fat
in most cases.

With time interest to discover minute lesions that may affect fertility increased at our institu‐
tion [42]. In practice, we observe some fatty tissue condensation in the mesosalpnix in some
cases that deserved studying why it is present in some women. To make this study valuable,
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we considered mesosalpngeal adipose tissue significant if its caliber was at least similar or
exceeds the caliber of the ampulla of the ipsilateral fallopian tube regardless the appearance
of its borders.

We constructed a study to estimate the proportion of a significant mesosalpngeal adipose
tissue condensation (lipomesosalpnix, at least of a caliber similar to the ampulla of the
ipsilateral tube regardless with well-defined or poorly defined margins) among infertile
women subjected to diagnostic laparoscopy. It was a cross sectional study done at a specialized
endoscopic center. It comprised all infertile women scheduled for diagnoastic/therapeutic
laparoscopy during the period between July 1994 and December 2012 were included in this
study. Preoperative hysterosalpingography (HSG), transvaginal ultrasonography (TVS) as
well as body mass index (BMI) for all cases. Laparoscopic documentation of a significant
mesosalpingeal condensation of adipose tissue. Histopathologic assessment of the adipose
tissues in some cases. Main outcome measures included number of cases with unilateral or
bilateral lipomesosalpnix Significant lipomesosalpnix was diagnosed in 145 cases (5.7%) out
of 2563 cases examined by laparoscopy. In all but 7 cases, lipomesosalpnix was seen bilaterally
(99.7%). There was insignificant correlation between those cases and high BMI when compared
to the rest of cases. Infertility was unexplained by laparoscopy in 621 cases (24.3%) while
laparoscopy diagnosed etiologic factors in 1942 (75.7%) cases. Lipomesosalpnix was seen in
46 (7.4 %) and 79 (3.9%) of the unexplained cases and explained cases respectively without a
statistically significant difference (P 0.48). We concluded that despite being a rare laparoscopic
finding, significant lipomesosalpnix should be reported and documented as a possible missed
tubal factor of infertility. Whether to treat lipomesosalpnix or not, bilaterally or unilaterally
and by which means require further studies with proper second look laparoscopy.

This study directs attention towards more concentration on some factors that would affect
tubal motility and commonly missed by gynecologists. Previously, some authors reported on
Hydatid of Morgagni as a cause of UI [21]. Likewise, an old study [48] diagnosed fimbrial
agglutinations (25%), accessory tubes (13%), accessory ostia (10%), phimoses (13%), and
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sacculations (7%) more in the infertile women. Tubal abnormalities would affect the prognosis
of natural pregnancy as well as assisted reproduction [49, 50]. At our institution, we consider
tubal sacculations, diverticulae, convolutions, phimosis or fimbrial agglutination as laparo‐
scopic criteria of subtle tubal endometriosis specially if seen with other typical or atypical
endometriotic tubal or peritoneal lesions. Proper endoscopic training would eliminate all these
mistakes that would affect diagnosis as well as therapy.

Mesosalpingeal lesions include paratubal cyst [42], leiomyosarcoma of the broad ligament [51],
Choristoma of Heterotopic Adrenal Tissue [52], primary Fallopian Tube Carcinoma [53] or
lipoma of the Broad Ligament [54]. Preciously, among 1853 cases subjected to laparoscopy, we
succeeded to diagnose a paratubal or paraovarian cyst in 118 patients (15.7%) [42]. Fat
condensation in the mesosalpnix is not described in text books on histology, pathology or even
endoscopic surgery as far as I know. Due to our interest in missed factors of infertility we tried
to study the clinical significance of lipomesosalpnix. To be practical, we excluded cases with
small amount of adipose tissue that wouldn't expect to affect tubal motility. In this study,
preoperative TVS failed to diagnose lipomesosalpnix in all cases. Fallopian tubes are not
usually visualized on a routine transvaginal sonographic examination unless outlined by fluid.
However, the interstitial segment may be identified on TVS as an echogenic line arising from
the endometrial canal and extending through the uterine wall. When surrounded by intra‐
peritoneal fluid, the remaining segments of the fallopian tubes are commonly seen as tubular
structures extending between the uterus and the ovaries. Fallopian tubes are best visualized
on sonography when thickened or fluid-filled as a result of pelvic inflammatory disease,
torsion, ectopic pregnancy, or tumors [55]. Nevertheless, we still recommend performing TVS
routinely prior to laparoscopy to detect important findings like paraovarain cysts [42] and
more importantly intrauterine lesions that would make concomitant hysteroscopy a manda‐
tory step.

Despite similarity of the histopathologic appearance of lipomesosalpnix to any adipose tissue
in the body, failure to prove any correlation between lipomesosalpnix and obesity would
support screening for lipomesosalpnix in all infertile women.

To date, there is no uniform definition for unexplained infertility (UI) [56]. With the marvelous
advancement in illumination and magnification, endoscopy would add a lot for the diagnostic
work-up for cases with UI. The findings of this and our previous [42] studies would support
the central role of dual endoscopy (combined laparoscopy and hysteroscopy) in all cases of
infertility despite not being clearly stated by most of the infertility-interested societies when
defining UI. One of the promising and attractive options for evaluation of subtle tubal and
mesosalpingeal lesions is hydrolaparoscopy which offers a comparable accuracy to laparo‐
scopy in 96.1% of cases [55].

Despite being described since a long time [57], the impact of fatty condensation of the meso‐
salpnix on fertility is not yet studied so far and this is the first study in English literature to
address this point and to report it in 5.7% of infertile women. Lipomesosalpnix would
theoretically affect tubal motility and more importantly leads to failure to reach the pouch of
Douglas for ovum pick up despite being a patent tube. Nevertheless, the results of this study
failed to prove a positive correlation between lipomesosalpnix and unexplained infertility.
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This calls for a more large sample sized multicentric study. The main value of this study is to
direct attention to mesosalpngeal lesions that would affect fertility.

6. Hidden Douglas pouch abnormalities

Douglas pouch is the site of ovum pick-up by the healthy fimbria. Sometimes, hidden factors
contributing to infertility are seen in it. One of the best examples is subtle endometriosis which
leads to changing environment and may hinder fimbrial pick up. One of the interesting
laparoscopic findings is to see and cut fine adhesions that definitely affect ovum pick up. Such
fine tiny lesions couldn't be seen by HSG. Practically, proper access to the pouch of Douglas
can be aided by using a uterine manipulater with extreme anteversion of the uterus.
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7. Uterovesical pouch abnormalities

Not uncommonly in post-cesarean section patients, we notice a thick central band between the
uterus and the anterior abdominal wall attracting the uterus anteriorly causing severe
anteversion. By this way infertility may occur due to relative shortening of the tubes as they
will be far from the pouch of Douglas despite being completely healthy. The job of the
laparoscopist in such cases is to cut this band to allow the tubes for proper function. One of
the practical tricks, to know proper lysis is to test the level of the cervix by vaginal examination.
Easy traction of the cervix is a good parameter of success. Moreover, the laparoscopist should
look at the fimbrial relation to the pouch of Douglas. Care should be exerted to avoid bladder
injury which can be easily induced particularly if a broad band with dense sealing is seen.

8. Role of Bacterial Vaginosis (BV) and the implementation of laparoscopy
in these cases

We believe that occult infections are important explanation of UI particularly in patients who
are unable to clearly give a history to explain a source for their tubal adhesions. BV infection
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was reported as a significant association with infertility and its proper treatment had lead to
pregnancy, emphasizing the value and clinical implication of its screening and treatment [58].
It is hypothesized that immunity to infection might be correlated to sperm rejection in women
with positive BV, leading to infertility [59]. On the other hand, low prevalence of BV (4.2%) was
reported in a population of women undergoing in-vitro fertilization/embryo transfer (IVF-
ET) where 331 infertile women were selected [60]. Variable results of many studies on the
prevalence of BV among infertile women particularly UI were one of the main indications to
construct a prospective study. Its aim was to estimate the prevalence of bacterial vaginosis (BV)
among women with unexplained infertility (UI) and to describe laparoscopic appearances in
positive cases. It was a prospective cross sectional comparative observational study done in a
tertiary care referral facility and University hospital. It comprised one hundred and fifty women
divided into UI study group (120 cases) and a control group (30 cases). Vaginal and cervical
swabs form two subgroups of the UI group (60 cases each) and vaginal swabs from control group
(30 cases). All swabs were tested using Amsel's criteria then cultured. Thereafter, UI group (60
cases) was subjected to diagnostic laparoscopy. Main outcome measures were the prevalence
of BV among women with UI and laparoscopic findings among positive cases. In the study
group, the number of positive cases of BV confirmed by culture was 51 cases (42.5 %) while it
was diagnosed in only 3 cases (10%) in group B (p value 0.0001). BV was positive in 24 and 27
cases with periods of infertility less than and more than 3 years respectively and in 39 patients
(32.5%) with recurrent vaginitis without statistical significance. There was an insignificant
difference in diagnosis of BV whether the site of sample is vagina or cervix. Positive laparoscop‐
ic findings were reported in 77 patients (64.2 %). The most common laparoscopic abnormali‐
ties were hyperemic uterus and chronic salpingitis. In this study, we found that the prevalence
of BV in women with UI is 42.5%, while the prevalence of BV in the fertile women (the control
group) was 10% (P Value=0.0001). These results were similar to others who reported BV in 45.5%
Vs 15.5% of the infertile and the control groups respectively [58]. On the other hand, BV was
reported in only 18.9% of women with UI [61]. They reported rates of 12–15% in those with
endometriosis and male factor infertility and 33–36% in those with anovulation and tubal
infertility. Women with tubal factor were two to three times more likely to have BV than women
with other types of infertility [62]. These findings highlight the importance of searching for BV
in cases with tubal factor of infertility. This study reported no significant difference in the results
of samples taken from the posterior fornix of vagina and those taken from the endometrial cavity
(P Value=0.853). However, detection of clue cells in the endometrial cavity of women with UI
demonstrates the possibility of ascending route of BV to the upper genital tract.

Regarding the role of culture for diagnosis of BV, we reported in 45.8% and 42.5% in culture and
using Amsel`s criteria respectively without any significant difference. In this study, culture was
a sensitive but not a specific method for diagnosing of BV compared to Amsel`s criteria which
is demonstrated by ROC curve. Likewise, culture was unhelpful for the diagnosis of BV due to
an imbalance of the normal organisms, without any pathogens necessarily being present [63].

The sensitivity and specificity of vaginal cultures for anaerobic bacteria (Bacteroides and
Peptostroptococcus) and Mycoplasma hominis were reported in one study. They found that the
presence of these organisms was a more specific indicator of BV than the presence of G.
vaginalis but their detection had inadequate sensitivity [64]. Another group of anaerobic
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in cases with tubal factor of infertility. This study reported no significant difference in the results
of samples taken from the posterior fornix of vagina and those taken from the endometrial cavity
(P Value=0.853). However, detection of clue cells in the endometrial cavity of women with UI
demonstrates the possibility of ascending route of BV to the upper genital tract.

Regarding the role of culture for diagnosis of BV, we reported in 45.8% and 42.5% in culture and
using Amsel`s criteria respectively without any significant difference. In this study, culture was
a sensitive but not a specific method for diagnosing of BV compared to Amsel`s criteria which
is demonstrated by ROC curve. Likewise, culture was unhelpful for the diagnosis of BV due to
an imbalance of the normal organisms, without any pathogens necessarily being present [63].

The sensitivity and specificity of vaginal cultures for anaerobic bacteria (Bacteroides and
Peptostroptococcus) and Mycoplasma hominis were reported in one study. They found that the
presence of these organisms was a more specific indicator of BV than the presence of G.
vaginalis but their detection had inadequate sensitivity [64]. Another group of anaerobic
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bacteria, Mobiluncus species, which is highly associated with BV, was very difficult to recover
with culture methods [65].

In a previous study, 114 women with UI were examined laparoscopically Laparoscopy
revealed pelvic pathology in 95 patients. Endometriosis, pelvic adhesions and tubal disease
were observed and treated in 72, 46 and 24 patients, respectively. They could treat 72 patients
of them, and 35 of them conceived using their own tubes. However they concluded that
diagnostic laparoscopy should be strongly considered in UI work-up, and tubal efficacy should
not be underestimated [66]. In this study, positive laparoscopic findings were reported in 77
patients (64.2 %). We found that laparoscopy can reveal upper genital tract pathology in 50%
of positive cases with BV and it was negative in 35% of negative cases with BV (P Value=0.0001).
There was a significant correlation between the positive cases of BV and the pathological
lesions diagnosed by laparoscopy especially hyperemic uterus, chronic salpingitis and massive
adhesions (P Value=0.0001) as shown in the following table.

9. Relation between positive cases of bacterieal vaginosis and laparoscopic
findings

Subsequently, we recommend meticulous screening of women with these abnormal laparo‐
scopic findings for possibility of hidden intrauterine infections. From this study, BV is strongly
implicated in female infertility and it is probably an underestimated cause of UI. There is no
extra benefit from using culture instead of Amsel's criteria for the diagnosis of BV. No
difference in the site of sample taking in diagnosis of BV from posterior vaginal fornix or
endometrial cavity. Laparoscopy is very beneficial in explaining the effect of BV on the upper
genital tract. Further studies are required to test the impact of proper treating BV on subsequent
fertility in case of UI.

diagnosis of
bacterial
vaginosis

(Amsel`s criteria

chronic
salpingitis

endometriosis
fine

adhesions
hyperemic

uterus
massive

adhesions
normal Total P Value

+ve

Count 13 3 8 14 12 1 51

0.0001
(sig)

% of
Total

10.8% 2.5% 6.7% 11.7% 10.0% 0.8% 42.5%

-ve

Count 7 5 5 8 2 42 69

% of
Total

5.8% 4.2% 4.2% 6.7% 1.7% 35.0% 57.5%

Total

Count 20 8 13 22 14 43 120

% of
Total

16.7% 6.7% 10.8% 18.3% 11.7% 35.8% 100%
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10. Role of hidden intrauterine infections and the value of laparoscopy in
these cases

Existing definitions of infertility lack uniformity, rendering comparisons in prevalence
between countries or over time problematic. The absence of an agreed definition also com‐
promises clinical management and undermines the impact of research findings [66]. Unex‐
plained infertility is infertility that is idiopathic in the sense that its cause remains unknown
even after basic infertility work-up, usually including semen analysis in the man and assess‐
ment of ovulation and fallopian tubes in the woman. The available diagnostic tools for
intrauterine causes of infertility include transvaginal ultrasonograogy, hysterosalpingography
(HSG) or sonohysterography [67]. Manifest uterine causes may include clinically symptoma‐
tizing uterine infections, intrauterine adhesions, polypi or uterine cavity malformations.
Hidden uterine factors may include thin endometrium, poor endometrial receptivity, and
immunological incompatibility which have received the most attention in recent years [68]. In
literature, little attention was directed towards asymptomatic hidden intrauterine infections
like Mycoplasma, Ureaplasma, Klebsiella and Chlamydia trachomatis particularly among
infertile women [69].

Mycoplasma clonieswith 
fried egg appearance

Chlamydia trachomatis

BV (gram stain) ureaplasmaurealyticum
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Subclinical infection can be a possible cause of unexplained infertility [70]. Changes in the
intraperitoneal environment leading to an inflammatory process in the absence of visible
abnormalities have been suggested as being causal in some cases of UI [71]. We believe that
occult infections are important explanation of UI particularly in patients who are unable to
clearly give a history to explain a source for their tubal adhesions.

We constructed a prospective study aimed to estimate the prevalence of hidden (asympto‐
matic) intrauterine infections among women with unexplained infertility in comparison to
fertile women and to describe laparoscopic appearances in positive cases. It was a prospective
cross sectional comparative observational study done at a tertiary care referral facility and
University hospital. It comprised 50 women with unexplained infertility (study group A) and
50 fertile women (control group B) who came for contraceptive advice. Endouterine swab for
bacteriologic study from all cases. Diagnostic laparoscopy for group A. Main outcome
measures included prevalence of infections among both groups and to correlate laparoscopic
findings to bacteriologic study in group A. There was statistically insignificant difference
between both groups regarding the age and residence (p value >0.05) and it was highly
significant regarding parity (p value <0.001). Hidden intrauterine infections were diagnosed
by culture in 42 cases (84%) and 10 cases (20%) out of both groups respectively (P=0.001). The
most common organisms detected in the study group were Mycoplasma (24%), klebsiella
(20%), Chlamydia (18%) and Proteus (10%). In group A, positive laparoscopic findings were
reported in 33 patients (66 %). There was a significant correlation between the positive cases
of hidden intrauterine infections and abnormal laparoscopic findings (P Value=0.0001). The
most common laparoscopic abnormalities were hyperemic uterus, peritubal adhesions and
chronic salpingitis which were reported in 10 (20%), 6 (12%) and 4 (8%) cases respectively.

11. Hidden intrauterine microorganisms detected in both groups

Control group (B) study group (A)
Organism

Percent No (50) Percent No (50)

2% 1 24% 12 Mycoplasma

8% 4 20% 10 Klebsiella

6% 3 18% 9 Chlamydia

0% 0 10% 5 Proteus

0% 0 6% 3 Legionella

2% 1 4% 2 Ureaplasma

0% 0 2% 1 Staph.

2% 1 0% 0 Pseudomonous

80% 40 16% 8 Negative*
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Control group (B) study group (A)
Organism

Percent No (50) Percent No (50)

100% 50 100% 50 Total

12. Correlation between positive cases of hidden intrauterine infection and
laparoscopic findings in UI group

Culture for intrauterine infection
Abnormal laparoscopic findings

Total P Value
+ve -ve

+ve
No. 30 12 42

0.0001

% of Total 50% 16% 82%

-ve
No. 3 5 8

% of Total 16% 18% 16%

Total
No. 33 17 50

% of Total 66% 34% 100.0%

13. Correlation between positive cases of hidden intrauterine infection and
laparoscopic findings in UI group

We concluded that despite being an underestimated cause of female infertility, hidden
intrauterine infections are frequent and strongly implicated in UI. Laparoscopy is very
beneficial in explaining the effect of hidden intrauterine infections on the upper genital tract.
We recommend postoperative screening for hidden intrauterine infections in UI cases with
abnormal laparoscopic findings. Further studies are required to test pregnancy rate after
proper treating of these infections in case of UI.

chronic
salpingitis

Endometriosis
fine

peritubal
adhesions

hyperemic
uterus

Tubal block
(uni/bi)

Fimbrial
agglutination

Normal
(17)

Total
(50)

+ve
(42)

No. 4 7 6 10 1 2 12 42

% of
Total

8% 14% 12% 20% 2% 4% 24% 84%

-ve
(8)

No. 0 2 0 1 0 0 5 8
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chronic
salpingitis

Endometriosis
fine

peritubal
adhesions

hyperemic
uterus

Tubal block
(uni/bi)

Fimbrial
agglutination

Normal
(17)

Total
(50)

% of
Total

0 4% 0 2% 0 0 10% 16%

Total
(50)

No. 4 9 6 11 1 2 17 50

% of
Total

8% 18% 12% 22% 2% 4% 34% 100%

In this study, we found that the prevalence of hidden intrauterine infections proved by culture
of endouterine discharge in women with UI was 84% while the prevalence in the fertile women
(the control group) was 20% (P Value=0.0001). Based on our results, we recommend that before
starting a lengthy and costly list of sophisticated level II investigations of both partners,
focusing attention to hidden uterine infections is very important basic step in UI. These results
were similar to others who reported high prevalence of different types of infections [72]. It has
been found that women with tubal factor were two to three times more likely to have genital
tract infections than women with other types of infertility [73]. Likewise, our findings highlight
the importance of searching for genital tract infections in cases with tubal factor of infertility.
In this study we used culture of the intrauterine discharge as a diagnostic test for different
infections. Biochemical confirmation was also performed. Others used more sophisticated tests
like ELIZA and PCR [72,73]. We think that culture should be accepted as a basic screening tool
due to availability and feasibility in many hospitals. Screening test should not be expensive or
complicated to be extended to all hospitals particularly in low resource countries like ours.

This study demonstrated a high prevalence of Mycoplasma (24%), klebsiella (20%), Chlamydia
(18%) and Proteus (10%) among women with UI. These results of high prevalence compared
to fertile women would call for more attention to screening protocols in all infertility units
dealing with UI ideally prior to laparoscopic intervention. Due to high prevalence of Chla‐
mydia in infertile women in one previous study, screening for Chlamydia was recommended
for cases with UI [72]. We reported Mycoplasma in about one quarter of positive cases.
Likewise, mycoplasma was reported in 32% of infertile cases with a statistically significant
difference from fertile group [77]. In this study, we cultured proteus infection in 10% of infected
cases. This particular organism is commonly noticed in the urinary system. Reporting it in the
genital tract would requires more studies to define its role in infertility. Unlike others, we
reported low prevalence of Ureaplasma in only 4% of cases despite its previous reports of up
to 32% infertile cases [72]. This wide difference may demonstrate the variability of frequency
of hidden intrauterine infections in different populations and highlights detection of preva‐
lence in each community.

The role of laparoscopy in the evaluation of infertility is crucial [78]. In this study we reported
33 case (66%) of abnormal laparoscopic findings in the infertile group. In a previous study [79],
abnormal laparoscopic findings were reported in about 53 % of infertile women. Pelvic
adhesions were the most frequent finding in their study. Others [80] reported a higher
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prevalence of abnormal laparoscopic findings in UI up to 87.2% who described endometriosis
lesions, peritubal adhesions and tubal obstruction. In a previous study, 114 women with UI
were examined laparoscopically. Laparoscopy revealed pelvic pathology in 95 patients.
Endometriosis, ptielvic adhesions and tubal disease were observed and treated in 72, 46 and
24 patients, respectively. They could treat 72 patients of them, and 35 of them conceived using
their own tubes. However they concluded that diagnostic laparoscopy should be strongly
considered in UI work-up, and tubal efficacy should not be underestimated [65]. In this study,
positive laparoscopic findings were reported in 33 patients (66 %). We found that laparoscopy
can reveal upper genital tract pathology in 30 cases (71.4%) of positive cases with hidden
infections (42 cases) and it was negative in 3 cases (37.5%) of negative cases with hidden
intrauterine infections (P Value=0.0001). We reported a significant correlation between the
positive cases of intrauterine infections and the pathological lesions diagnosed by laparoscopy
especially hyperemic uterus, chronic salpingitis and peritubal adhesions (P Value=0.0001).
Subsequently, we recommend meticulous screening of women with these abnormal laparo‐
scopic findings for possibility of hidden intrauterine infections. Small sample size of individual
types of hidden intrauterine infections and lake of precise description of a particular abnormal
laparoscopic finding for each organism are clear limitations of this study. Diagnostic accuracy
for Chlamydia detection would be better if we used Nucleic Acid Amplification (NAAT)
instead of the only available direct immunofluorescence assay (IFA). From this study, we
conclude that despite being an underestimated cause of female infertility, hidden intrauterine
infections are frequent and strongly implicated in UI. Laparoscopy is very beneficial in
explaining the effect of hidden intrauterine infections on the upper genital tract. We recom‐
mend postoperative screening for hidden intrauterine infections in UI cases with abnormal
laparoscopic findings. Further studies are required to test the impact of proper treating these
infections in cases of UI.

14. Hidden ovarian factors of infertility

The ovaries are easily and clearly seen by transvaginal ultrasonogtraphy. Intraovarian and
capsular abnormalities can be detected in most of the cases. Despite properly confirmed
ovulation in an otherwise normal couple, pregnancy could not be achieved. On doing
diagnostic laparoscopy in those cases some tiny ovarian abnormalities could be diagnosed.
Subtle surface ovarian endometriosis could be only diagnosed by laparoscopy. In such cases
surface coagulation of red, white or vesicular lesions is easy. Moreover, typical black or blue
lesions can be only seen and treated by laparoscopy. In some cases, we notice fine periovarian
adhesions hindering rupture of the growing folloicles and preventing pick-up of the oocytes.
In such cases, fine microsurgical adhesiolysis without capsular injuring using a delicate fine
scissors is feasible by laparoscopy. We may see some dense ovarian adhesions to the lateral or
anterior abdominal wall that clearly affect fertility In such cases, microsurgical adhesiolysis
will regain the normal anatomy. Lastly, we may notice fine or dense adhesions between the
ovary and the back of the uterus or the fallopian tubes. All these mechanical factors will not
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be seen by HSG and highlight the importance of implication of dual laparoscopy and hys‐
teroscopy in all cases of infertility particularly women with previous pelvic or uterine surgery.

15. Uterine causes of UI

Uterine factors account about 20% of all cases of infertility. Manifest uterine causes may include
intrauterine adhesions, polypi or uterine cavity malformations. Hidden uterine factors may
include thin endometrium, poor endometrial receptivity, and immunological incompatibility
which have received the most attention in recent years. Some delicate endometrial lesions
could be diagnosed by hysteroscopy as shown in this figure.

Delicate endometrial lesions

Strawberry endometrium flea bitten  endometrium

Abnormal vessels 
with irregular arborization Telangiectatic vessel

We constructed a study [81] aiming to estimate the safety, efficacy and patient acceptability of
adding vaginoscopic office hysteroscopy (VOH) to the infertility diagnostic work-up prior to
laparoscopy. It was a prospective comparative diagnostic trial done at a tertiary care referral
facility and University hospital. A total of 156 infertile patients scheduled for laparoscopy.
Seventy eight patients had VOH on one stop bases in addition to the usual infertility work-up
were assigned as group B while a similar number was examined by the usual diagnostic work-
up and assigned as group A. Main outcome measures included the diagnostic accuracy of VOH
in diagnosing intrauterine abnormalities and tubal patency in comparison to hysterosalpin‐
gography (HSG) and diagnostic laparoscopy (DL). Combined VOH and HSG or DL assessment
for diagnostic accuracy.

There was insignificant difference between both groups regarding sociodemographic and HSG
data. Abnormal DL findings were more significant in group A. VOH detected 50% abnormal
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endometrial cavity in group B with a significant superiority over HSG. Blocked tubes were
diagnosed in 9% and 11.5%, 5.1% and 6.4% and 3.8% and 5.1% using VOH, HSG and DL on
right and left sides respectively. There was a high percentage of agreement in the diagnosis of
uterine abnormalities between HSG and VOH (96%, k=0.394). n the other hand, the percentage
of agreement between VOH and HSG is less (86%, k=0.214) and is much less between VOH
and laparoscopy (82%, k=0.148) regarding tubal patency testing. Generally, VOH was an
acceptable procedure with mild pain and feasible in most cases.

We concluded that VOH seems feasible, safe, simple, tolerable and quick out-patient proce‐
dure. It can diagnose intrauterine abnormalities in 23.7% of infertile women with normal HSG.
VOH achieves marvelous agreement with HSG in diagnosing uterine abnormalities (96%),
excellent agreement with HSG (86%) for tubal patency testing and very good agreement with
DL (82%) regarding tubal patency. Diagnostic indices including accuracy of either HSG or DL
would increase if combined with VOH. We recommend adding OH to the routine diagnostic
work-up of infertile couples prior to laparoscopy. Nevertheless, whether its use would increase
pregnancy rate among infertile women requires a further longitudinal comparative study.

16. Diagnostic accuracy of combined tests for assessment of uterine and
tubal factors

VOH + HSG (for
assessment of uterine
factor)

VOH + HSG (for
assessment of tubal
patency)

VOH+ laparoscopy (for
assessment of tubal
patency)

Sensitivity 97.4% 50% 94%

Specificity 56.2% 16.6% 33.3%

Positive predictive value 80.9% 76.2% 94%

Negative predictive value 90% 5.9% 33.3%

Accuracy 59.2% 44.7% 89.5%

17. Endoscopic exploration of the fertilization site

Sometimes the fallopian tubes appear normal at HSG and even laparoscopy but pregnancy
doesnot occur due to some hidden intratubal fine lesions at the fertilization site (ampulla).
Intratubal examination can only be done using falloposcopy (from the cervical side) or
salpingoscopy (from the fimbrial side). Going inside the tube allows proper exploration of the
endosalpnix. Lost or destroyed major or minor folds may explain infertility. Detection of fine
adhesions or tiny polypi is feasible by salpingoscopy.
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18. Exploration of the implantation site

Implantation site is located on the posterior endometrium at midline 10-15 mm from the
fundus. Hysteroscopy can detect tiny lesions at the implantation site like fine adhesions, polypi
or small septum. Implantation failure may be caused by abnormal cytokine expression by
embryos and endometrium. As proved in many studies, endometrial injury would induce
release of cytokines that may increase implantation. Practically, site-specific endometrial
injury in the follicular phase with the edge of the office hysteroscopy lens would enhance
implantation in cases with unexplained infertility. Nevertheless, the real implementation of
this procedure requires more randomized studies.
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19. Keynote points

Unexplained infertility remains a clinical and scientific challenge.

Dual endoscopy (combined DL & DH) can explain a good percentage of cases with UI.

Nothing called UI without prior endoscopic assessment.

Office hysteroscopy (OH) is recommended even if HSG is normal.

Don’t ignore hidden infections.

Try to explain UI but don't harm the patient. No need to perform unneeded procedure like
overdoing of laparoscopic ovarian drilling that may invite adhesions and more importantly
deleteriously affect ovarian reserve as shown in this figure.
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Overview of Gynaecological Emergencies
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Additional information is available at the end of the chapter
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1. Introduction

Gynaecological emergencies are disease conditions of the female reproductive system that
threaten the life of the woman, her sexual function and the perpetuation of her fertility.
Common gynaecological emergencies present as acute abdomen, abnormal vaginal bleeding,
or a combination of both, and are often related to early pregnancy complications, pelvic
inflammatory disease (PID) and contraceptive issues.

Some hospitals, mostly in the developed world, have specialist Emergency Gynaecology Units
that provide fast intervention for acute gynaecological problems, such as pelvic pain, severe
menorrhagia, vulvar problems, acute PID, hyperemesis gravidarum and post gynaecology
surgical problems. These units are often manned by specialist nurses, sonologists and an on-
call gynaecology medical team headed by a consultant gynaecologist. The aim of such a unit
is to deliver adequate healthcare quickly, thus reducing the possible complications, and in so
doing reducing the morbidity and mortality associated with such cases.

Advances in sonography, biochemical pregnancy testing, minimal access surgery and new
antibiotics have led to early diagnosis of these conditions and adoption of more conservative
approaches to treatment.

The basic objective of this chapter is to have an overview of these emergency gynaecological
conditions on an individual basis, and their management. The management of these cases often
requires history taking, clinical examination, investigations, both general and specific, and
instituting the required treatment plan. Time is of the essence in these cases and so often there
is an overlap in the management steps, with some requiring immediate resuscitation.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



2. Ectopic pregnancy

Ectopic pregnancy is one in which the conceptus implants outside the normal endometrial
lining of the uterus, with the vast majority, over 95%, occurring in the fallopian tube [1]. It is
a life-threatening gynaecological emergency and a leading cause of maternal morbidity and
mortality in the early half of pregnancy [2], [3].

The incidence of ectopic pregnancy is increasing worldwide [4], and reported incidence varies
from 1:60 to 1:250 pregnancies, and is dependent on the incidence of genital tract pathology
and contraceptive practices of the population studied [5].

Delay in the diagnosis of ectopic pregnancy can be catastrophic because of the associated
haemorrhage. Ectopic pregnancy should always be ruled out when a woman in the reproduc‐
tive age bracket presents with a missed period and abdominal pain.

There should be a high index of suspicion for early intervention and reduction of morbidity
and mortality [6]. The presentation could be acute or chronic. Patients usually present with
lower abdominal pain and minimal vaginal bleeding after 5-8 weeks period of amenorrhoea.
There could also be shoulder tip pain and fainting spells if intraperitoneal bleeding is massive.

It is mandatory that patients with ectopic pregnancy be managed in a hospital. Sensitive
pregnancy test and ultrasonography, preferably a transvaginal scan, aid in initial diagno‐
sis. Laparoscopy may also be used to diagnose ectopic pregnancy, but fails to detect early
ectopic pregnancies or those obscured by adhesion. Diagnostic mini-laparotomy comes into
play here.

Expectant or medical management of ectopic pregnancy should be considered in selected
cases, but they are not widely practiced [7]. Some ectopic pregnancies resolve spontaneously,
and this is the basis for expectant management. Methotrexate is employed for medical
management in patients with unruptured ectopic pregnancy who are haemodynamically
stable [8].

Surgery remains the mainstay of treatment of ectopic pregnancy. Surgical management is
carried out by laparoscopy (Fig. 1) or laparotomy. For tubal pregnancy surgery may be radical
(salpingectomy) or conservative (usually salpingostomy). For patients with ruptured ectopic
pregnancy, especially those who present late, resuscitation and emergency laparotomy and
salpingectomy are often required [9].

Patients managed for ectopic pregnancy require counselling because of the risk of recurrence,
which is up to 20.5%, and such cases often give rise to diagnostic dilemma, especially when it
occurs in an ipsilateral location [10]. Misdiagnosis of ectopic pregnancy may lead to dire
consequences and an increase in case fatality [11, 12].
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carried out by laparoscopy (Fig. 1) or laparotomy. For tubal pregnancy surgery may be radical
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Figure 1. Laparoscopy equipment.

3. Miscarriage

The World Health Organization (WHO) defined abortion (preferably termed as miscarriage)
as the termination of pregnancy prior to 20 weeks of gestation, or the birth of a fetus weighing
less than 500g in case the period of gestation is not known. It is noteworthy to state here that
a very early miscarriage can sometimes be assumed to be a delayed menstrual period.

There are several types of miscarriages – threatened, inevitable, incomplete, complete, missed,
septic, spontaneous, habitual and induced. Miscarriages are a common problem. Approxi‐
mately 75% of all miscarriages occur before 16 weeks of gestation and of these nearly three-
quarters occur within the first 8 weeks of pregnancy [13].
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Abortions, mostly the unsafe, are a leading cause of maternal mortality worldwide, accounting
for a global average of 13% of fatalities related to pregnancy [14]. Estimates by the WHO give
a global annual total of 42 million induced abortions, with 20 million being unsafe [15, 16].
About 98% of unsafe abortions occur in developing regions [16, 17]. Unsafe abortion generally
refers to termination of unwanted pregnancy either by persons lacking the necessary skills or
it being performed in an environment lacking the minimal medical standards, or both.

Vaginal bleeding with associated abdominal pain is a common complication in the first half
of pregnancy, and most miscarriages present in this manner. There is a psychological impact
of early pregnancy loss on women, their partners and families. For some there is need for
psychological support.

For the management of miscarriages there is need for proper patient assessment with respect
to the history and clinical evaluation, with the need to rule out ectopic gestation. If the vaginal
bleeding is moderate to severe and the patient is in some distress or shock, an intravenous line
should be set up with a wide bore cannula and crystalloids quickly infused, and blood samples
collected for complete blood count and cross-matching of blood for possible transfusion.

Uterine evacuation is the management option for miscarriages, except for threatened miscar‐
riage which requires a conservative approach. Retained products of conception may lead to
infection and haemorrhage.

Surgical uterine evacuation is done either by vacuum aspiration or by sharp curettage. The
use of the metal curette is not without complications, which invariably includes anaesthetic
risk, risk of infection, bleeding, cervical trauma, uterine perforation, long term complications
of decreased fertility and abnormal menstruation, including Asherman’s syndrome. The
suction curettage is safer and easier than the metal/sharp curettage.

Non-surgical management options for miscarriages include expectant management and
medical treatment. Expectant management requires an understanding of the course of an
abortive process, which includes resorption of early pregnancies to complete abortion. Here,
there is a need for close monitoring and early intervention if the need arises. Medical treatment
on the other hand involves the use of drugs to achieve uterine evacuation. The medications
used here are the prostaglandins and their derivatives like misoprostol, and the antiproges‐
togens like mifepristone.

With expectant and medical treatment, the risks and side effects include unpredictability of
the timing until the abortion is completed (with the possibility of significant pain and bleeding
requiring an emergent curettage) and retained products of conception requiring surgical
intervention. Expectant and medical treatments of abortion assume that prompt medical
evaluation and possible intervention are immediately on ground if required, otherwise they
should not be considered.

Septic abortion results from any type of miscarriage complicated by infection, especially unsafe
abortion, resulting in foul smelling vaginal discharge and/or bleeding, with fever and lower
abdominal pain/tenderness. Here, it is advised to cover with appropriate intravenous antibi‐
otics for at least 6 hours prior to evacuation of retained products of conception. The antibiotics
should be continued for a total of 14 days.
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For missed abortion, there is a need to ripen the cervix before evacuation of retained products
of conception after having confirmed the diagnosis by ultrasonography, which is often
repeated in cases of very early gestations to ascertain non-viability, and making provisions for
management of disseminated intravascular coagulopathy (DIC) if such should arise.

Habitual abortions, which entail at least three consecutive miscarriages, would require
screening of patients before they embark on future pregnancy, but most turn out negative.
Only a few, those positive for antiphospholipid antibodies (APA), can be treated with
anticlotting agents, like aspirin, enoxaparin (clexane) and heparin, to improve outcome. For
those with cervical incompetence resulting in second trimester miscarriages or early preterm
births, cervical cerclage procedures may need to be performed between 14-16 weeks of
gestation. Most of those with habitual abortion still have a successful pregnancy.

The complications of abortions, mostly haemorrhage and infection, and iatrogenic injuries like
perforated uterus (Fig. 2) and gut injuries [18, 19, 20] cut across the different types of abortions,
especially if the secondary care given for cases of spontaneous incomplete abortion is less than
optimal. Laparoscopy, and/or laparotomy, is indicated to determine the extent of injury and
to properly manage.

Figure 2. Perforation on the anterior uterine wall following instrumentation demonstrated at laparotomy.

Most healthcare systems expend far more resources treating complications of unsafe abortion
than they would to provide safe abortion services [21, 22]. These costs are mostly on beds,
antibiotics, blood transfusions services, surgeries and management of subsequent long term
complications like ectopic pregnancy and infertility.
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There is the need to send the specimen obtained from uterine evacuation for pathological
analysis and for cervical/vaginal cultures to be obtained in cases of infection. Histopathological
study may also exclude gestational trophoblastic diseases which can present in a similar
manner to the miscarriages, may require suction evacuation of the uterus, but also do require
a specific follow up plan, which may indicate the need for further treatment.

4. Severe pelvic pain

Based on the history pelvic pain could either be cyclical or non-cyclical. Cyclical pain is
commonly as a result of pre-menstrual syndrome, pelvic endometriosis, primary dysmenor‐
rhoea and ovulation pain (Mittelschmerz). For non-cyclical pain the common causes include
pelvic inflammatory disease (PID), severe endometriosis, pelvic tumours, pelvic congestion
syndrome and surgical causes like appendicitis and diverticulitis. A good history is required
to make a possible diagnosis. The nature of the pain, whether cyclical or non-cyclical, acute or
chronic (if present for 6 months or more), severity and exacerbating and relieving factors
should be noted. Other associations to be noted include the parity, vaginal discharge, abnormal
vaginal bleeding, dyspareunia, urinary symptoms, gastrointestinal symptoms, loss of appetite,
weight loss and cervical smear.

Examination of the patient would involve general and systemic examinations, most especially
the abdomen, pelvis and vagina. Pallor, wasting, abdominal distension, masses in the abdomen
and pelvis, and abnormal growth in the lower genital tract should be sought for.

For the investigations, ultrasonography of the abdomen and the pelvis plays a key role. A
growth in the lower genital tract may require a biopsy, and tumour marker screen for cancer
antigen 125 (CA-125), carcino-embryonic antigen (CEA) and alpha feto-protein (AFP) may be
required for pelvic tumours. A complete blood count, C-reactive protein and urine culture are
often required. Diagnostic laparoscopy, when available, is a positive addition in the manage‐
ment of chronic pelvic pain when there is diagnostic difficulty, but not forgetting idiopathic
pain.

5. Ovarian cysts

Tumours of the ovary are common in women, with about 80% being benign and occurring in
the reproductive age group [23]. Ovarian tumours are multifaceted and their classification is
based on the historical cell of origin [24, 25]. About 70-80% of primary ovarian tumours are
epithelial in origin, 10% stromal and 5% germ cell, while the rest fall into other groups [26].
Dermoid cyst is one of the commonest ovarian tumours in child-bearing age [27], and 10% of
cases are diagnosed during pregnancy [28].

Generally, ovarian cysts that are painful may be as a result of torsion (Fig. 3), haemorrhage,
rupture, be endometriotic or cancerous. Torsion of ovarian cyst commonly presents as severe
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acute lower abdominal pain that is often associated with nausea and vomiting. The abdomen
is usually tender, with a palpable pelvic mass on bimanual pelvic examination and ultraso‐
nography would reveal a large ovarian cyst. Such patients should be managed in a hospital
and they require emergency surgery, usually a laparotomy. Conservative surgery (cystectomy)
is usually carried out, but sometimes ovarectomy is done.

Figure 3. Torsion of left ovarian cyst (see torted stalk). This patient also had subserous uterine fibroids.

Ruptured ovarian cyst presents in a similar way to torsion of ovarian cyst. The patient may be
known to have an ovarian cyst but this is no longer seen on ultrasonography. There may be
evidence of peritonitis, including chemical peritonitis if the cyst was originally a dermoid cyst
[29], and haemoperitonium. The patient would probably require a laparotomy if the condition
worsens and so should be admitted to hospital urgently.

6. Uterine fibroids

Uterine leiomyomas or fibroids are benign tumours that arise from the myometrial smooth
muscle fibres. They are the commonest tumours found in the human body. It is estimated that
one-fifth of all women have one or more in the uterus at death [30]. Fibroids are present in
20-25% of women of reproductive age, commonly associated with nulliparity, and for some
uncertain reasons are 3-9 times more common in blacks [30, 31]. Most uterine fibroids are
symptomless but 35-50% of patients have symptoms [31], and these are dependent on their
location, size, state of preservation and/ or degeneration, and whether or not the patient is
pregnant.
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Fibroids are usually not painful. Acute pain may arise under certain circumstances, such as
torsion of pedunculated fibroids, degeneration (especially red degeneration), associated
endometriosis/adenomyosis, and/or expulsion of pedunculated submucous fibroids through
the cervix [32]. Fibroid also rarely causes acute pain when it outgrows its blood supply, thereby
causing necrosis. Spasmodic dysmenorrhoea may result when expulsion of a pedunculated
submucous fibroid stimulates uterine contraction [32]. Sarcomatous change, which occurs in
0.1-0.5% of cases [31], can result in pain as well. There is the need to look out for other co-
morbid conditions in cases of fibroids associated with pains.

With respect to the treatment of fibroids the factor considered in this section is the pain,
therefore the patient has to be thoroughly evaluated; history, examination, and investigations.
Pain is generally managed with the use of analgesics, ranging from acetaminophen (parace‐
tamol) to non-steroidal anti-inflammatory drugs and opioids. Definitive treatment would
require surgery if analgesics alone, sometimes with antibiotics in cases associated with
infection, fail to alleviate the symptoms. There is usually no room for use of medical treatment
options for fibroids presenting with acute abdomen or severe pains.

Definitive surgical modalities for management of uterine fibroids include myomectomy,
which leaves behind a functional uterus and thus preserving fertility, and hysterectomy, which
is desirable for patients over 40 years of age and those not desirous of future fertility. Both
procedures can be carried out via the abdominal route, vaginal route, or even laparoscopically.
Hysteroscopic myomectomy is indicated for submucous fibroids complicated by abnormal
bleeding with pain. Robotic surgery is employed in high technology medical facilities,
especially in countries with advanced healthcare systems.

7. Acute Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is a spectrum of inflammatory disorders of the upper female
genital tract, including any combination of endometritis, salpingitis, oophoritis or tubo-
ovarian abscess and pelvic peritonitis/cellulitis. Sexually transmitted organisms, particularly
Neisseria gonorrhoeae and Chlamydia trachomatis, are implicated in many cases. Organisms
of the vaginal flora however also cause PID, which is often polymicrobial.

There is a worldwide increase in the incidence of PID, and it is the most common infectious
disease that affects young women and accounts for a significant percentage of the morbidity
that is associated with sexually transmitted diseases (STDs). Although it does not usually
constitute an emergency in the sense that immediate treatment is life-saving, urgent treatment
is required to minimize the effect of the disease on subsequent fertility and reduces the risk of
sequelae such as ectopic pregnancy and chronic pelvic pain. This applies to both mild and
severe disease.

The diagnosis  of  PID is  usually  based on clinical  features  although clinical  diagnosis  is
usually imprecise, and many cases of PID go unrecognized or are subclinical. These patients
are usually young, sexually active, and complain of abdominal pain, with or without fever
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and vaginal discharge. Bimanual pelvic examination usually elicits extreme tenderness on
movement  of  the  cervix,  uterus  and  parametria.  On  laboratory  investigations,  saline
microscopy of vaginal discharge may show abundant leucocytic infiltration, complete blood
count may reveal leucocytosis, and C-reactive protein and erythrocyte sedimentation rate
may be raised.

Endocervical swab may be positive for infection with N. gonorrhoeae and C. trachomatis. The
true significance of this is questionable and the results lack consistency. However all women
who have acute PID should be tested for these organisms, and screened for other STDs [33].

Endometrial biopsy, though not often done in practice, is more specific and usually shows
histopathologic evidence of endometritis. Imaging, most especially transvaginal ultrasonog‐
raphy, showing thickened fluid-filled tubes with or without free fluid in the pouch of Douglas
or tubo-ovarian mass are quite specific for PID. In less complicated cases imaging may be
normal.

Laparoscopy is the gold standard for diagnosis of PID. However limited access and attendant
surgical risks preclude its universal use for this purpose. The criteria for diagnosis of PID using
laparoscopy include visualizing an overt hyperaemia of the tubal surface, oedema of the tubal
wall, and sticky exudates on the tubal surface and/or fimbrial ends. All 3 are required for
diagnosis.

The treatment of PID is essentially empirical, with use of antibiotics (parenteral and oral) for
10-14 days. Based on the severity and response to treatment this can either be done on
outpatient or inpatient basis. Goals of treatment are to alleviate the acute symptoms of
inflammation, and prevent the long term sequelae associated with PID. There may be need for
contact tracing and treatment of sexual partners. Follow up and education are necessary to
prevent re-infection and complications.

For those complicated by tubo-ovarian abscess unresponsive to extended antibiotic therapy,
surgical management involving exploratory laparotomy by an experienced gynaecologic
surgeon may be required. The extent of the surgery depends on the extent of the disease, the
patient’s age and desire for future fertility. There is risk of injury to contiguous structures as
a result of the inflammatory process, which may cause adhesions and a frozen pelvis.

8. Pelvic endometriosis

Endometriosis is the presence of endometrial stroma and glands outside of the uterine cavity.
The pelvis is the commonest site, with the reproductive organs the most frequently affected
[34]. The most common symptoms related to it are dysmenorrhoea, dyspareunia and low back
pain which worsen during menstruation, and subfertility. It is a leading cause of disability in
women of reproductive age, and the pain may be mild, or it may be severe enough to negatively
affect health-related quality of life.

Endometriosis remains a difficult clinical problem and quite a number of patients are often
referred to other specialists before seeing the gynaecologist [35]. Painful symptoms, especially
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when cyclical, may be caused by endometriosis, and it is the underlying cause of pelvic pain
in 15% of cases [36]. The exact prevalence is unknown because surgery and/or histology is
required for its diagnosis, but estimates of 3-10% of women in the reproductive age group, and
25-35% of infertile women have been made [37].

The symptoms of endometriosis and the laparoscopic findings do not always correlate [38].
The focus during management should be on the illness rather than the disease. There is no
place for medical treatment of endometriosis with drugs in infertile women desirous of having
babies [39]. Surgery can be done via laparotomy or laparoscopy [40, 41]. Analgesics are often
required for symptomatic relief of pain. Unlike infection, endometriosis does not damage the
luminal epithelium of the fallopian tube, and thus conservative surgery is more likely to be
successful in restoring normal anatomic relations. However, endometriosis is also a well
known cause of frozen pelvis.

9. Severe vaginal bleeding

Severe vaginal bleeding may or may not be related to menstruation. Common causes are
dysfunctional uterine bleeding (DUB), uterine fibroids, adenomyosis and genital tract
malignancy.

Normal menstrual cycles range from 21-35 days, with the estimated blood loss less than 80 ml,
with flow not more than 7 days. Most women who complain of heavy periods have normal
loss. Extremely heavy menstrual loss is uncommon and other causes such as a miscarriage or
a genital tract malignancy like carcinoma of the cervix or endometrial carcinoma should be
ruled out. If the patient is symptomatic after a heavy menstrual loss, like having dizziness or
fainting spells, appears pale or has tachycardia, she should be admitted to hospital for
treatment.

Patients with massive vaginal bleeding require resuscitation which includes securing of
intravenous access with a wide bore cannula, obtaining blood samples for a complete blood
count and infusing of crystalloids. Possible causes of the vaginal bleeding should be ruled out.
There is the need to correct anaemia with haematinics and even blood transfusion.

Control of bleeding may be achieved by use of haemostatic drugs like tranexamic acid (an
antifibrinolytic agent) and ethamsylate, or by hormonals like medroxyprogesterone, prior to
definitive treatment of the cause. Mirena, a levonorgestrel-impregnated intrauterine system,
and endometrial ablation techniques like the NovaSure system may also be employed [42] for
control of bleeding.

The definitive treatment is dependent on the cause and emergency dilatation and curettage
(D&C), myomectomy, and even a hysterectomy (Fig. 4) are possibilities. For those emanating
from gynaecological cancers referral to oncology units with expertise in their management is
required.
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Figure 4. Hysterectomy specimen of a 50-year old woman who had total abdominal hysterectomy and bilateral salpin‐
go-oophorectomy for uterine fibroids associated with menorrhagia.

10. Vulvar abscesses

Bartholin’s cysts are the commonest cysts of the vulva, and they are of two types, a cyst
of the duct and a cyst of the gland, with differentiation made on histology using the surface
epithelium. The position of the swelling at the junction of the anterior two-third and the
posterior one-third of the labia majora is diagnostic. Bartholin’s abscesses are secondarily
infected  cysts.  Organisms  involved  in  the  infection  of  the  gland  are  similar  to  those
responsible for PID [43, 44].

Drainage should be established whenever an abscess develops. Apart from the pains, which
may be severe, there is the theoretical risk of ascending infection, with a more extreme
inflammatory process, with systemic symptoms and signs of infection, and these may affect
the quality of life. Cases of necrotizing fasciitis have been reported in immuno-compromised
women, including those with diabetes mellitus. Septic shock and toxic shock-like syndrome
can also complicate Bartholin’s abscess [45], [46].

The treatment of Bartholin’s abscess encompasses bed rest, use of antibiotics and analgesics,
coupled with surgical drainage and warm sitz bath. The procedure of choice for surgical
drainage is marsupialization, and this has the advantage of preserving the gland, which
continues its secretory function and prevents recurrence by the creation of a new gland ostium
or fistula to replace the function of the presumed damaged or obstructed duct. Simple incision
and drainage (I&D) of the abscess is associated with a high recurrence rate.
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Abscesses that rupture spontaneously are treated by warm sitz bath. Gland excision is not
recommended for Bartholin’s abscess because of the risk of spread of infection which may
result following surgery in an inflamed hyperaemic tissue environment [47].

Another less common vulvar abscess is that involving the Skene’s gland. Treatment basically
follows the same principles as that for Barthoin’s abscess.

11. Toxic shock syndrome

Toxic shock syndrome is a rare entity primarily occurring in menstruating women and caused
by exotoxins produced by penicillinase-producing non invasive Staphylococcus aureus of
phage type 1. It is associated with use of super absorbent tampons, especially if left in place
for long. Tampon use may also excoriate the cervical and vaginal mucous membranes, thereby
encouraging absorption of the exotoxin.

Non-menstrual toxic shock syndrome has been reported with prolonged use of contraceptive
diaphragm or sponge [48], after delivery, laser therapy for condylomata acuminatum [49] and
non-gynaecological surgery.

Toxic shock syndrome can also be caused by some streptococcus species, including Strepto‐
coccus viridans which causes a more fulminant disease with high mortality.

The clinical manifestations of toxic shock syndrome are diverse and these often develop
rapidly in otherwise healthy persons. These include sudden onset of high fever, hypotension,
and associated symptoms like vomiting, diarrhoea, myalgia, abdominal pain, and headache.
A characteristic “sunburn-like” rash, a diffuse maculopapular erythroderma, appears over the
face, trunk and proximal extremities over a period of 5-14 days, which later desquamates,
especially over the palms and soles during convalescence. Multi-systemic involvement is
typical and these include coagulopathy, renal, hepatic, muscular, cardiovascular, neurological
and respiratory systems.

On taking a history, ask the patient if she is menstruating or using tampons. A vaginal
examination should be performed and any foreign body in the vagina such as tampon or
contraceptive device should be removed.

The diagnosis of toxic shock syndrome is usually clinical. A full septic and biochemical screen
should be done to exclude multiorgan failure. Isolation of the exotoxin for Staphylococcus
aureus is pathognomonic.

Treatment entails aggressive supportive therapy, preferably in an intensive care unit. Fluid
resuscitation is necessary, and vasopressors, packed red cells and coagulation factors, me‐
chanical ventilation and haemodialysis may be required. Antibiotics, given intravenously, are
used for 10-14 days to eradicate the organism. Protein synthesis inhibitors such as clindamycin
which suppress toxin production are more effective than cell wall active agents like beta-
lactams. Cephalosporins or beta-lactamase-resistant penicillins like nafcillin or oxacillin, and
vancomycin (for penicillin-allergic patients) may also be used. Since toxic shock syndrome is
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toxin related, antibiotic treatment is not directly effective, but it reduces the bacterial load and
ultimately prevents further toxin production.

12. Sexual violence

Rape definitions vary from country to country, but generally regarded as the physically forced
entry or the otherwise coerced penetration of the mouth, vulva, vagina or anus with a penis,
other body part or object. It is an act of sexual violence. It can result in serious short and long-
term physical, mental, sexual and reproductive health problems for victims and their families
and can lead to social and economic costs.

Health consequences may include headache, back pain, abdominal pain, gastrointestinal
disorders, limited mobility and poor overall health. Non fatal and fatal injuries can also result.

Rape can result in unwanted pregnancies, gynaecological problems, induced abortions,
sexually transmitted infections, including human immunodeficiency virus (HIV) and hepatitis
B infections. Mental disorders like post-traumatic stress disorder, sleep difficulties, depression,
suicidal tendencies and drug and alcohol abuse can arise.

Some gynaecologists hardly receive proper orientation or training in managing intimate
partner violence as part of their medical training and therefore tend to underestimate the extent
of the problem and feel insufficiently skilled to deal with it [50]. Treatment here typically
involves dealing with coital lacerations, STDs, including HIV and hepatitis-B post-exposure
prophylaxis, tetanus prophylaxis, and emergency contraception to prevent unwanted preg‐
nancy. Due to the extent of coital injuries, especially when foreign objects are used, emergency
laparotomy may be required.

It is crucial that advice is sought from the police or sexual assault referral centre before
undertaking any examination for forensic reasons, unless it is life-saving. Pictures of the victim,
multiple swabs and aspirations from body cavities and parts, and a whole lot more may need
to be taken. A checklist may be required to follow due process on the management of such
cases, as well as employing the services of a clinical psychologist or psychiatrist for long-term
management.
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Chapter 3

Biomarkers of Ectopic Pregnancy-Present and Future

Soundravally  Rajendiren and Pooja  Dhiman

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58954

1. Introduction

One of the most common complications of pregnancy is early pregnancy failure, of which
25% result  in  miscarriages  and 1-2% ends in  ectopic  pregnancy.  Both these  entities  can
present with similar symptoms of abdominal pain and/or vaginal bleeding [1]. The most
common site  of  ectopic  pregnancy is  fallopian tube.  As tubal  ectopic  pregnancy (EP)  is
associated with high morbidity and mortality, early and accurate diagnosis of this condi‐
tion is warranted. Present protocols for diagnosis of ectopic pregnancy utilize serial serum
human  chorionic  gonadotropin  (β-hCG)  levels  and  pelvic  ultrasound  [2].  However,
distinction between an intrauterine or extrauterine pregnancy may not be possible in 8-31%
of cases at the first visit, even with sophisticated transvaginal ultrasound [3]. As a result,
multiple visits for serial β-hCG and ultrasound monitoring are required before a diagno‐
sis can be established and management initiated. This interim period of uncertainty may
lead  to  potential  life  threatening  complications  like  intra-abdominal  bleed  and  future
infertility because of compromised tubal integrity. Therefore, early diagnosis of tubal ectopic
not  only  prevents  the  added  mortality  in  patients,  but  also  plays  an  important  role  in
preventing future infertility. Also, the optimal management strategies for ectopic pregnan‐
cy and other abnormal intrauterine pregnancy (IUP) like miscarriages differ, and these two
distinct  clinical  entities  need  to  be  differentiated  at  the  early  stages  of  pregnancy.  A
circulating  serum  biomarker  may  aid  in  predicting  early  pregnancy  outcome  (viable
intrauterine pregnancy, miscarriage or tubal ectopic pregnancy), and may guide in deciding
the best management strategy (conservative, medical or surgical) for the patient. Numer‐
ous groups have focussed their attention on this issue, and have reported many potential
candidate  biomarkers.  The  present  chapter  discuss  the  recent  status  of  these  candidate
biomarkers in diagnosing tubal ectopic pregnancy, along with our experience, and attempt
to foresee the future diagnostic trend of this clinically significant entity.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1.1. Problem statement

Tubal ectopic pregnancy is an important cause of early pregnancy failure attributing signifi‐
cantly to morbidity and mortality, in absence of expeditious diagnosis. Currently, the diagnosis
of ectopic pregnancy is based on combined ultrasonograhic findings and serial β-hCG levels.
However, low positivity rates in early gestational age and a need for repeated testing are major
limitations of these diagnostic procedures, leading to added risk of tubal rupture and intra-
abdominal bleed. Therefore, a circulating serum based biomarker, which could differentiate
tubal ectopic from viable intrauterine pregnancy and other abnormal gestation (miscarriages)
at the first visit of the patient, is the need of the hour.

1.2. Application area

A circulating serum based biomarker which could accurately predict the outcome of preg‐
nancy such as ectopic pregnancy, miscarriage and viable intrauterine pregnancy. This may be
used to diagnose tubal ectopic, decide the course of management (medical or surgical), and
may aid in monitoring the prognosis and response to treatment in patients. This advancement
in clinical diagnostic may help in significantly bringing down the maternal morbidity and
mortality associated with early pregnancy failure.

1.3. Research course

Due to paucity of suitable animal models of tubal ectopic pregnancy, biomarker researches
have mainly been carried out in cohorts of women with tubal ectopic, miscarriages and viable
intrauterine pregnancy (IUP).

1.4. Method used

Comprehensive literature search was carried out for identifying studies on women with
gestational age of less than 12 weeks in which serum markers were used to predict the outcome
of pregnancy. The databases used were Medline, Embase, CINAHIL and Cochrane library,
using key work search ectopic pregnancy”, “tubal pregnancy” alone and in combination with
“diagnosis”, “screening” and “biomarkers”. Only the articles published in English were
included and references of all selected articles were also thoroughly searched. All the studies
that assessed diagnostic accuracy were included.

1.5. Status

The factors deciding the fate of first trimester pregnancy, and hence the potential biomarkers
for tubal ectopic pregnancy can be systematically categorized into two groups-Markers related
to implantation site & milieu and Markers related to embryo (Fig 1). Important biomarkers in
both these categories are described
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2. Markers related to embryo

2.1. Markers of abnormal trophoblast function

Theses are the molecules secreted from the conceptus. It would be probable that the pregnancy
implanted in the ectopic environment will have abnormal growth kinetics that can be reflected
in disarrayed trophoblast function. The following markers have been described in this section:

1. Beta-human chorionic gonadotropin (β-hCG)

It is a glycoprotein hormone produced by trophoblast which maintains corpus luteum.
Currently, β-hCG is the only biomarker used clinically in the diagnosis of ectopic pregnan‐
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cy[4]. A doubling of serum β-hCG over 48 hours is suggestive of viable intrauterine pregnancy
[5]. If the levels remain static or fall, it is suggestive of early pregnancy failure, and the diagnosis
need to be confirmed by more invasive procedures like endometrial curettage or laproscopy.
To prevent unnecessary invasive procedures, studies suggested that the minimum rise of β-
hCG over 48 hours to predict normal viable intrauterine pregnancy can be reduced to 53% [6]
or 35% [7,8]. Another important concept in serum β-hCG estimation is the discriminatory zone,
that is the minimum β-hCG concentration at which an intrauterine gestational sac could be
reliably identified on ultrasound. The current discriminatory zone lies between 1500-3000
mIU/L [9]. Recently, a series of mathematical models incorporating β-hCG ratio (serum β-hCG
at 48 hours/ serum β-hCG at 0 hours) have been developed to predict early pregnancy outcome,
although it has not been sufficiently validated [10-13]. Another retrospective cohort study
observed that in addition to the two values of serum β-hCG at 0 and 48 hours, third β-hCG
evaluation on day 4 improved the accuracy of ectopic pregnancy prediction by 9.3% [14]. The
role of β-hCG has also been studied to predict response to therapy. A cut-off value of 2121
mIU/L of the initial serum β-hCG, has shown a specificity of 76.4% and a sensitivity of 80.56%
in predicting response to methotrexate therapy, with poor response below the cut-off [15].
Similarly, a cut-off of more than 1790mIU/ml was found to predict methotrexate treatment
failure by another group [16]. Presently, serial monitoring of β-hCG is in use for the diagnostic
triage of first trimester bleeding, but further studies are being conducted to use it in the
prognostic protocol of EP.

2. Hyperglycosylated hCG

Hyperglycosylated hCG (hCG-H) is a variant of hCG with four instead of two oligosaccharides.
The site of production is first trimester invading extravillous cytotrophoblast, where it
prevents trophoblast cell apoptosis [17,18]. Low proportions of hCG-H (< 50% of total hCG)
was shown to predict failed pregnancy [19,20]. Another study identified a cut-off of 13µg/L
for identifying failed pregnancy with 73% sensitivity and 98% specificity [21]. On the other
hand, Butler et al did not find a role of hCG-H in the diagnostic algorithm for EP [22]. Recent
study explored the role of hCG-H in predicting ongoing pregnancies after in vitro fertilization
and found that day 9 level of hCG-H > 110pg/ml was 96% specific for ongoing pregnancy [23].
Conflicting results regarding the use of hCG-H as a marker of preeclampsia have also been
reported [24,25]. Since, there is paucity of data on use of either concentration or proportion in
distinguishing ectopic pregnancy from miscarriage, further studies are required to validate its
usefulness as a biomarker for EP.

3. Activin A

Activin A is a dimeric glycoprotein of TGF-β superfamily, with a role in cytotrophoblast
invasion [26]. A study by Florio et al found Activin A level at a cut-off of ≤0.37ng/mL to have
100% sensitivity and 99.6% specificity for the diagnosis of EP [27]. Rausch et al found Activin
A to have 80% sensitivity and 72% specificity as a single marker in a cohort of patients with
EP [28]. Daponte et al also observed activin A concentrations to be significantly lower in
women with EP and women with missed abortion, compared to IUP, and reported that at a
threshold value of 505 pg/mL, activin A had 87.9% sensitivity and 100% specificity for
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discriminating an ectopic pregnancy from viable pregnancies [29]. On the contrary, Activin-
A was not found useful in diagnosing EP [30, 31]. Similarly, Elito et al demonstrated that serum
activin A levels could not discriminate between an EP from a normal intrauterine pregnancy
when an adnexal mass was found by transvaginal scan [32]. Therefore, A validation of this
biomarker in a larger cohort would be encouraged before makes it a tool for diagnostics.

4. Follistatin (FS)

Follistatin is a circulating protein produced from human placenta, with rising serum concen‐
tration throughout pregnancy [33, 34]. Follistatin is primarily involved in modulating the
biological activity of activin by binding to activin by high-affinity, which can neutralize the
majority of the actions of activin [35]. Daponte et al reported that the concentration of FS was
significantly lower in EP and MA compared to women with a viable IUP, and found that FS
was able to discriminate IUP from EP, But not miscarriage from EP [29].

5. Pregnancy associated plasma protein-A (PAPPA)

PAPPA is a glycoprotein produced by trophoblast. Normally, PAPPA is up-regulated by
progesterone, which promotes the adhesion and proliferation potential of trophoblastic cells
[36]. It has been extensively studied and used as a marker of screening for first trimester
aneuploidy [37]. Mueller et al found decreased levels of PAPPA in patients with ectopic
pregnancy when compared to normal viable intrauterine pregnancy [38]. Dumps et al found
a cut-off of <14.3 ng/ml to have a sensitivity of 64.5% with a 99% specificity for pregnancy
failure [39] But the levels were found to be lower in miscarriages making the discrimination
between EP and other abnormal intrauterine pregnancy dissatisfactory. On the other hand
Ugurlu et al and Daponte et al observed that PAPPA can differentiate abnormal pregnancy
from the viable normal IUP [40, 41]. Inconsistency in these results prompts us to study this
marker in greater details.

6. Pregnancy specific beta glycoprotein-1 (SP-1)

Pregnancy specific beta glycoprotein-1 (SP-1) is a secreted protein produced from syncytio‐
trophoblast, thought to be involved in immunomodulation [42]. In addition, recently it has
been observed that SP-1 induce transforming growth factor beta 1 (TGFB1), which among its
other diverse functions inhibits T-cell function and has proangiogenic properties [43]. SP1 has
also been reported as a first trimester maternal serum marker of small for gestational age (SGA)
and preterm delivery [44]. For early pregnancy failure, Tornehave et al found lower levels of
SP-1 to be suggestive of ectopic pregnancy [45]. Witt et al found a sensitivity of 65 % and a
specificity of 74 % by taking a cut-off of 103.3µg/ml [46]. Further studies are needed to validate
the use of SP-1 in EP.

7. Human placental lactogen (hPL)

Human placental lactogen is a circulating protein produced by the trophoblasts. Mueller et al
found hPL levels to be decreased in ectopic pregnancy [38], but Rausch et al and Daponte et
al found no difference in hPL levels between Ectopic pregnancy, abnormal IUP and normal
viable IUP [28,41]. hPL as a biomarker of EP has to be evaluated in larger cohort of patients.
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8. A disintegrin and metalloprotease-12 (ADAM-12)

ADAM-12 is a glycoprotein primarily produced by syncytiotrophoblast, with a role in
syncytial fusion [47]. ADAM-12 was found to be significantly decreased in patients with EP
when compared to viable IUP in a cohort of 199 patients [48]. Horne et al observed that when
measured in isolation, ADAM-12 levels had limited value as a diagnostic biomarker for EP
[49], whereas Yang et al observed low levels of ADAM12 in complete spontaneous abortion
and ectopic pregnancy compared to normal pregnancies [50]. Overall, this promising new
marker still requires large prospective cohorts for validation.

9. Placental micro-RNA

At least 31micro-RNA expressed from placenta have been isolated with various functions in
gene regulation[51,52]. Zhao et al found that microRNA miR-323-3p was found to be lower in
patients with EP as compared to those with normal IUP, yielding a sensitivity of 30% and a
specificity of 90% in the diagnosis of ectopic pregnancy [53]. This is another promising area of
biomarker discovery with further studies being conducted.

10. Placental mRNA

Placental mRNAs secreted by trophoblasts can be altered in early pregnancy failure, and
therefore have been studied recently for their diagnostic potential in EP. A recent case-control
study conducted by Takacs et al demonstrated that patients with EP have significantly lower
copy numbers of hCG and hPL mRNA in plasma compared to viable IUP [54]. Placental mRNA
have also been studied for viability and chromosomal aneuploidy [55,56]. Evaluation of
changes in placental mRNA expression may serve as a potential biomarker in future for
detecting early pregnancy failures.

11. Alpha feto protein (AFP)

AFP is a produced from both yolk sac and fetal liver with a role analogous to adult albumin
[57]. Grosskinsky et al found AFP to be elevated in EP, whereas Kuscu et al study contradicted
these findings [58, 59]. In our experience, we observed AFP concentration to be elevated in
women with miscarriages when compared to normal IUP, but found it to be decreased in
women with tubal ectopic compared to both IUP and miscarriages. ROC analysis in our study
revealed that AFP was able to discriminate between miscarriage and ectopic, as well as
between IUP and ectopic [Unpublished data].

12. Cell free fetal DNA

Cell free fetal DNA escaping into the maternal circulation has also been evaluated as a marker
of early pregnancy failure. Lazar et al estimated the cell-free foetal DNA of the Sry gene, and
observed its concentration to be significantly higher in those with a tubal ectopic pregnancy.
At a cut-off of more than 80 GE/ml, cell free fetal DNA was able to differentiate a tubal ectopic
from an intrauterine pregnancy with sensitivity of 84%, a specificity of 76% [60]. As the
technology at present is cumbersome, its utility as a useful serum biomarker in a clinical setup
has been limited.
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2.2. Markers of abnormal corpus luteal function

These are the markers for the evaluation of luteal function by measuring secreted products
from the ovary. As the continuous function of the corpus luteum is essential for the mainte‐
nance of early pregnancy, these functions may be suboptimal in ectopic pregnancy, and can
be measured for diagnostic usage.

1. Progesterone

Maternal progesterone is initially produced by corpus luteum followed by placenta, and
ensures appropriate development of the endometrium, uterine growth, adequate uterine
blood supply, and preparation of the uterus for labor [60]. Progesterone levels are found to be
low in both ectopic pregnancy and other abnormal IUP, when compared to viable IUP [62].
Extensive studies have been performed for the use of progesterone both as a single marker
and in multiple marker settings to diagnose EP. A recent meta-analysis of 26 cohort studies,
including 9436 pregnant women observed that at a cut-off values from 3.2 to 6 ng/mL,
progesterone predicted a non-viable pregnancy with sensitivity of 74.6% and a specificity of
98.4%, although it was not able to distinguish EP from other abnormal IUP [63]. Similar results
were observed by the meta analysis performed by Mol et al with a progesterone cut-off of <5ng/
ml [64]. In our experience of the cohort of women, progesterone concentration was significantly
lower in woman with ectopic pregnancy and women with miscarriages compared to patients
with normal IUP. We observed a cut-off of <4.6ng/ml, to have a sensitivity of 93.3% and a
specificity of 96.7% in differentiating EP from viable IUP, and a a cut-off of <12ng/ml, to have
a sensitivity of 92.8% and a specificity of 90% in differentiating miscarriages from viable IUP,
but found progesterone to be unable to discriminate between EP and other abnormal IUP
[Unpublished data]. Also, high progesterone does not rule out EP in a patient with inconclusive
ultrasound findings. Therefore, further large scale studies are required to study the utility of
progesterone as a single marker or as a part of multiple markers to diagnose EP with acceptable
sensitivity and specificity.

2. Oestradiol

Oestradiol (E2) is another important steroid secreted from the corpus luteum of pregnancy in
response to hCG and could serve as a marker of pregnancy dynamics. Guillaume at al observed
in his preliminary study that all of the EP patients had an E2 level of less than 650 pg/ml giving
a sensitivity of 100% and specificity of 99% [65]. Witt et al however, did not find any difference
in serum E2 when women with EP were compared with those with nonviable intrauterine
pregnancies [46]. Mantzavinos et al on the other hand reported that E2 concentrations rose
continuously in viable pregnancies, whereas in EP the values plateaued after the sixth week
and declined after the eighth week of gestation [66]. However, as the concentrations of serum
oestradiol have a considerable overlap among various clinical studies, this marker has not been
put into clinical use.

3. Inhibin A

Inhibin A is a dimeric protein produced from corpus luteum [67]. Seifer et al observed lower
levels of inhibin-A in EP compared to normal viable IUP [68]. Further, Segel et reported that
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at a cut-off of 50 pg/mL, Inhibin-A had 100% sensitivity and specificity for diagnosing EP
compared to viable IUPs, but found decrease in both sensitivity and specificity when patients
of EP were compared with those of other abnormal IUP [69]. Similarly, Rausch et al found
Inhibin A to have a sensitivity of 83% and a sensitivity of 79% at a lower cut-off of 23.67pg/ml
in discriminating EP from viable IUP [28]. In contrast to the above findings, Chetty et al found
Inhibin-A to be unable to discriminate EP from viable IUP in their cohort of 109 patients [70].
It can be concluded that although Inhibin-A is a promising marker for the early pregnancy
viability, further studies need to be carried out to use it as a biomarker in the detection of EP.

4. Relaxin and renin

Relaxin is a peptide hormone produced by the corpus luteum of pregnancy, which is elevated
shortly after conception and remain steady until the 15th week of gestation [71]. Garcia et al
observed a lower levels of serum relaxin concentrations in patients with EP than that in those
with a viable IUP [72]. On the other hand, Witt et al found relaxin to be poorly discriminatory
as a biomarker of ectopic pregnancy [46].

Renin is another peptide produced by ovaries and the production rises after pregnancy [73].
Meunier et al reported that active renin was significantly decreased in women with EP when
compared with those with an ongoing IUP or spontaneous miscarriage, however because of
its low specificity and sensitivity, the use of renin in the clinical setting has been limited [74].

2.3. Markers of angiogenesis

1. Vascular Endothelial Growth Factor (VEGF)

VEGF plays an important role in the angiogenesis of the fetomaternal unit [75]. It has been
reported that maternal serum VEGF concentrations are associated with depth of trophoblastic
penetration into the tubal wall [76]. A case control study observed a cut-off of 200pg/ml had a
sensitivity of 60% and a specificity of 90 % in predicting EP [77]. Similar findings were observed
by Felemban et al [78]. Daponte et al observed a sensitivity of 78% and a specificity of 100 %
in predicting EP at a cut-off of 174.5pg/ml. [41]. Recently Fernandes et al reported that serum
level of VEGF was significantly higher in women with EP, and when threshold concentrations
of serum VEGF level > 200 pg/ml were used, an EP could be distinguished from a normal
pregnancy with a sensitivity of 51.4%, a specificity of 90.9% [79]. On the contrary, Rausch et al
found no difference in the levels of VEGF between EP, abnormal IUP and viable IUP [28]. The
variations in the study results of VEGF shows that further investigations are required to
ascertain its suitability as a biomarker for EP.

2. Placental like growth factor (PlGF)

PIGF is a pro-angiogenic growth factor produced by the trophoblast at the site of implantation
[80]. Horne et al reported the expression of PIGF m-RNA to be lower in trophoblastic cells in
patients with EP as compared to those with viable IUP [81]. Daponte et al later observed that
at a PIGF level of more than 15.73pg/ml could differentiate viable pregnancy from early
pregnancy failures including EP and abnormal IUP with reasonable sensitivity and specificity,
but could not differentiate among them [82]. Recent report by Martínez-Ruiz et al also didn't
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find significant differences for PlGF between EP and viable IUP [83]. Therefore, there is a need
of validation of this marker in a larger cohort.

3. Angiopoietins

Angiopoietins are proteins which belong to the family of angiogenic proteins, which has been
shown to be critically involved in the process of placental maturation and growth from early
pregnancy. Angiopoietin-1 (Ang-1) and Ang-2 are two critical regulators with different
functions of vascular development and angiogenesis [84, 85]. Daponte et al reported Ang-1
and Ang-2 concentrations and their ratio to be lower in EP compared to IUP. They also found
the trophoblastic Ang-1 mRNA expression levels to be lower in EP compared to IUP, while
Ang-2 mRNA was found to be higher in EP than in IUP [86]. Schneuer et al in their recent study
suggested that the lower Ang-1/Ang-2 ratio in first trimester is associated with most adverse
pregnancy outcomes, but do not predict outcomes any better than clinical and maternal risk
factor information [87].

2.4. Markers related to normal uterine implantation

These biomarkers are released into the circulation as a result of normal interaction between
the pregnancy and the uterine decidua. As the normal process is disrupted in EP, these
surrogate markers can be used to diagnose EP.

1. Leukemia inhibitory factor (LIF)

LIF is a cytokine of interleukin-6 family with a key role in implantation [88]. Wegner et al
observed that women with ectopic pregnancy had low serum concentrations of LIF and could
diagnose it with moderate sensitivity and specificity [89]. However, Daponte et al failed to
find any difference in LIF concentrations in patients with ectopic pregnancy and other
abnormal intrauterine pregnancy [41]. A further attempt in validation of LIF has yielded
conflicting results. Mueller et al found LIF levels to be undetectable in serum of patients with
ectopic pregnancy and viable intrauterine pregnancy [38], whereas Iyibozkurt AC et al found
increased levels of LIF in patients with EP compared to IUP [90]. Increased immunohisto‐
chemical expression of LIF in fallopian tube was found to be increased in EP compared to non
–pregnant and healthy pregnant controls, indicating its role in ectopic implantation of embryo
[91]. Similarly it was observed that LIF expression was increased in inflamed fallopian tube
and might be one of the reasons of increased susceptibility of salphingitis patients to EP [92].

2. Glycodelin (Placental protein 14)

Glycodelin is secreted from endometrium and fallopian tube, with immunomodulatory role
in implantation. Its serum concentration increases during early first trimester of pregnancy,
till 8-10 weeks of gestation and then progressively declines [93, 94]. Foth et al found signifi‐
cantly lower levels of serum glycodelin in patients with ectopic pregnancy compared to IUP
and incomplete abortion with a study population of 169 subjects [95]. Out of the three groups,
who studied glycodelin in a multiple marker setting, two had found glycodelin levels to be
decreased in EP, while one observed no significant difference between EP and abnormal IUP
[28, 38, 41]. Further studies are required to validate the use of this marker in EP.
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3. Mucin-1 (Muc-1)

Muc-1 is a glycoprotein expressed by endometrium and fallopian tube epithelium involved in
implantation [96]. Muc-1 expression was observed to be lower in luminal epithelial of tubes
with ectopic pregnancies [97]. Similar findings were observed by Reefaat et al [98]. However,
the role of serum Muc-1 as a diagnostic modality has not been studied in much detail.

4. Adrenomedullin

Adrenomedullin is a peptide hormone belonging to calcitonin/calcitonin gene related peptide,
and is thought be involved in endometrial angiogenesis. Liao et al found plasma and oviductal
tissue adrenomedullin to be lower in EP and suggested that this decreases ciliary beating and
muscle contraction leading to retained embryo and its implantation in the oviduct [99]. Similar
findings were observed in nasal epithelium in patients of tEP by the same group [100]. Further
studies are required to explore the possible role of serum adrenomedullin as a diagnostic
marker for EP.

5. Activin B

Activins, dimeric proteins of transforming growth factor-beta (TGF-b), have recently been
found in gonadal fluid with growth factor like actions [101]. It is produced by many organs
including pituitary gland, gonads, placenta etc. It has been shown to promote decidualization
of the endometrium during pregnancy [102]. Consequently low serum activin levels have been
associated with ectopic pregnancy. Although recent studies have mainly focussed the role of
serum activin A as a potential marker of ectopic pregnancy, limited literature is available
regarding the role of activin B in-spite of the experimental evidence of differential effect of
activin B on decidua. In our population, we observed that the concentration of activin B in
maternal serum to be significantly lower in patients with tEP compared to those with normal
IUP [Unpublished data]. Similar results were observed by Horne et al, who found decreased
expression of activin B in endometrium along with decreased serum levels of activin B with
normal levels of progesterone in 11 women with tEP [103]. Activin B is a new, though prom‐
ising marker for EP diagnostic triage.

3. Markers related to tubal implantation

3.1. Markers of compromised tubal musculature markers

These markers reflect the disruption of the integrity of the tubal circular smooth muscle layer,
which can happen in an ectopic implantation. These markers of muscle damage have been
investigated as biomarkers for diagnosing EP.

1. Creatine Kinase (CK)

Creatine Kinase is the enzyme released from damaged muscles, which is currently used in the
diagnosis of myocardial infarction. Lavie et al found serum CK levels to be significantly higher
in patients with tEP as compared to those with missed abortion or normal IUP [104]. Similar
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findings were observed by Birkhahn et al and Duncan et al [105,106]. In a study conducted in
our population, we found that the optimal cut-off for total CK, CK-MM and CPK-MB% as
predictors of ruptured EP were 147 IU/L, 135 IU/L and 10%, respectively, with the former two
having higher specificity, and latter high sensitivity [107]. On the contrary, several independ‐
ent study groups found CK to be inadequate in diagnosing EP [108-112]. Recently, Safdarian
et al studied the role of CK-1 as an indicator for differentiating between the successful and
unsuccessful treatment groups in EP, but failed to find any relation between initial CPK serum
levels [113].

2. Smooth muscle heavy-chain myosin (SMHC) & Myoglobin

Smooth muscle heavy chain myosin and myoglobin are markers of smooth muscle damage.
As the ectopic pregnancy grows to invade the muscular layer of the fallopian tube, markers
of muscle damage should also rise. Birkhahn et al studied serum myoglobin and smooth
muscle heavy-chain myosin and observed a statistically significant elevation in the serum
levels of SMHC, but did not find it  useful in the screening for EP [105,114].  As there is
paucity  of  data  regarding the  usefulness  of  these  markers  in  the  screening of  EP,  their
clinical utility is limited.

3.2. Markers of inflammation and peritoneal irritation

EP can lead to inflammation and peritoneal irritation and the following biomarkers have been
investigated as an potential biomarkers of the same process.

1. Circulating cytokines

Several cytokines as marker of peritoneal inflammation has been reported including IL-2R,
IL-6, IL-8, IL-10, IL-11, IL-15 and TNF-α. Soriano et al observed increased concentration of IL-6,
IL-8 and TNF-α in patients with EP compared with normal and abnormal IUP. IL-8 at a cut-
off of >40 pg/ml was shown to have a sensitivity and specificity of 82.4% and 81.8 % respectively
in diagnosing EP [115]. Experience in our population regarding IL-6 & IL-8 levels, we observed
that the level of IL-6 shows a significant increase in the women with tubal ectopic pregnancy
in comparison to intrauterine abortion and normal pregnancy. It was also seen that IL-8 levels
decrease significantly in the tubal ectopic pregnancy cases and in intrauterine abortion patient
when compared to the normal pregnancy group. ROC analysis revealed that at the cut-off of
26.48pg/ml of IL-6 level predict the probability of tubal ectopic pregnancy with 53.57%
sensitivity, 80%specificity [Unpublished paper]. Similar observations were made by Rausch
et al, who observed lower values of IL-8 and TNF-α in women with EP, whereas no significant
difference was observed in the IL-6 levels between EP and viable IUP [28]. No difference has
been observed in the levels of IL-10 and IL-11between EP and viable IUP [90]. IL-15 has also
been studied as it is expressed by human placental tissue culture and it is maximally expressed
during the implantation period in the deciduas. Daponte et al reported that IL-15 concentra‐
tions were significantly higher in women with EP compared to patients with IUP, and found
IL-15 to have high diagnostic accuracy for the discrimination of a viable IUP from an EP with
an area under the curve of 0.818 [116].
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2. CA-125

Conflicting results have been reported by several groups regarding the status of circulating
CA-125 in EP with some groups reporting an increase, some decrease and few found no
difference between viable IUP and EP [117-121]. In our experience in the cohort of patients,
we found CA125 concentration to be significantly higher in woman with miscarriages
compared to patients with normal IUP, but not in women with ectopic compared to IUP
[Unpublished paper]. Women with IU abortion were found to have significantly higher
CA-125 levels, compared to the other two groups. Katsikis et al also reported that when using
CA-125 concentration of more than 41.9 U/ml as a threshold for the diagnosis of IU abortive
pregnancy, sensitivity was 80% and specificity was 87% for discriminating it from EP [122].

3. Antibodies to C1q complement

C1q complement has been shown to promote trophoblast invasion of deciduas, a crucial step
in normal placental development. Animal models have demonstrated that the lack of C1q is
characterized by poor trophoblast invasion and pregnancy failure [123,124]. Studies based on
these observations have measured the levels of antibodies to C1q complement in early
pregnancy failure have been conducted. Daponte et al failed to observe any difference between
normal viable IUP, EP and other abnormal IUP [116]. As new studies would be undertaken by
different groups, more information regarding this marker is likely to emerge.

The biomarkers studied in ectopic pregnancy with their current status are summarized in
table 1.

Sl

No
Biomarker Cut-off Sensitivity Specificity Reference

1 Β-hCG

a. Single serum levels <2000mIU/ml 87% 39% Shaunik et al 2011

b. 48 hours rise <53% rise

<35% rise

91%

83.2%

66.6%

70.8%

Barnhart 2004

Morse 2012

c. Mathematical models

M1 0.21 83% 88% Condous 2004

M4 - 92% 91% Condous 2007

31% 98% Kirk 2006

81% 89% Barnhart 2010

2 Hyperglycosylated hCG 13µg/L 73% 98.1% Sutton-Riley 2006

3 Pregnancy associated plasma

protein-A (PAPPA)

0.53 ng/ml 81% 54% Rausch 2011

4 Pregnancy specific beta

glycoprotein-1 (SP-1)

103.3µg/ml 65% 74% Witt 1990
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Sl

No
Biomarker Cut-off Sensitivity Specificity Reference

5 ADAM-12 48.49ng/ml 97% 37% Rausch 2011

6 Activin A 0.37ng/ml

0.38 ng/ml

0.26 ng/ml

505 pg/ml

100%

80%

59.6%

87.9%

99.6%

72%

69%

100%

Florio 2007

Rausch 2011

Warrick 2012

Daponte 2013

7 Progesterone 3.2-6 ng/ml

5ng/ml

10.75 ng/ml

74.6%

95%

85%

98.4%

40%

85%

Verhaegen 2012

Mol 1998

Katsikis 2006

8 Oestradiol 650 pg/ml 100% 90% Guillaume 1990

9 Inhibin A 50 pg/ml

28.67 pg/ml

100%

83%

100%

79%

Segel 2008

Rausch 2011

10 VEGF 200 pg/ml

174.5 pg/ml

200 pg/ml

28.24 pg/ml

60%

78%

88%

95%

90%

100%

100%

50%

Daniel 1999

Daponte 2005

Felemban 2002

Rausch 2011

11 PIGF 15.7 pg/ml 86% 73% Daponte 2011

12 LIF 6.2pg/ml 73% 72% Wegener 2001

13 Interleukin-8 40 pg/ml 82.4% 81.8% Soriano 2003

14 Interleukin-15 16.1 pg/ml 92% 68% Daponte 2013

Table 1. Current status of biomarkers of tubal Ectopic pregnancy

4. Further research

Since the factors and their interplay involved in maintenance of normal viable pregnancy are
not completely understood, various approaches have been explored in biomarker discovery
including unbiased proteomics, shotgun proteomics [125,126]. The challenges in biomarker
discovery include the variability of biomarkers with gestational age, impact of coexistent
morbidities like hypertension, diabetes, chromosomal anomalies on biomarker levels and their
interpretation. Other emerging markers studied in ectopic pregnancy include: Endocannibi‐
noid system abnormalities in the form of high anandamide levels and reduced receptor
expression have been implicated, in women with ectopic pregnancy [127,128].

Brown et al conducted a proteomics study and identified fibronectin has ability to discriminate
EP from other pregnancy outcomes suggesting its diagnostic potential and its use as an adjunct
to future multiplex EP diagnostic tests [129].
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Serum Macrophage Inhibitory Cytokine-1 levels were found to be lower in women with
histologically confirmed EP compared to women with definite viable intra-uterine pregnancy
by Skubisz et al [130].

Another recent study by Beer et al that screened the proteome of a small group of women with
EP and controls identified potential novel biomarkers, including ADAM-12 and ISM2 (Isthmin
2) as well as five specific isoforms of pregnancy-specific beta-1-glycoprotein 131].

5. Use of multiple biomarkers in ectopic pregnancy

As maintenance of a viable pregnancy requires an interplay of multiple factors, no single
marker has been used successfully as a biomarker for EP. It seems prudent, therefore, to
combine these markers and use them in the multiple marker setting. Rausch et al demonstrated
that a four-marker test including Progesterone, VEGF, Inhibin A, and Activin A could predict
EP with 100% accuracy in those with an hCG<1500 mIU/mL [28]. Further studies are necessary
to fully assess the discriminatory capacity of such a test. Similarly, Feng et al found a combi‐
nation of Δβ-hCG, Progesterone and Oestradiol to be helpful in distinguishing EPs and normal
IUPs, facilitating earlier diagnosis and the timely implementation of medical treatment to
prevent tubal rupture [132].

Soriano et al found that the combination of inflammatory cytokines IL-6, IL-8, and TNF-alpha
was able to predict EP with specificity of 100%, but sensitivity of 52.9% [115].

Another group in Switzerland developed a multiple marker test, the “triple marker analysis”
[VEGF/(PAPP-A X P)] had a sensitivity of 97.7% with a specificity of 92.4% in diagnosing
EP [38].

In another study, investigators studied serum levels of 17β-estradiol (E2), progesterone (P4),
testosterone (T), beta-human chorionic gonadotropin (β-hCG), vascular endothelial growth
factor-A (VEGF-A), placental growth factor (PIGF), and a distintegrin and metalloprotease
protein 12 (ADAM12) in different patient groups with no definite results [133].

6. Conclusion

Novel biomarker of ectopic pregnancy with adequate sensitivity and specificity could assist
in early diagnosis and hence timely intervention, thereby dramatically reducing the morbidity
and mortality. There are number of potential molecules for use as biomarkers in women at risk
for EP. As no single biomarker is ready for use in clinical setting, more prospective cohorts
including ectopic pregnancy, normal and abnormal IUPs are required to validate these
markers. Also, it would be prudent to concentrate the efforts on developing a panel of markers
which include markers of viability, location of implantation and fetal milieu. Recent times have
witnessed positive developments in this field, but lot of validation is required before a marker
can be used independently in clinical setting.

Contemporary Gynecologic Practice64



Serum Macrophage Inhibitory Cytokine-1 levels were found to be lower in women with
histologically confirmed EP compared to women with definite viable intra-uterine pregnancy
by Skubisz et al [130].

Another recent study by Beer et al that screened the proteome of a small group of women with
EP and controls identified potential novel biomarkers, including ADAM-12 and ISM2 (Isthmin
2) as well as five specific isoforms of pregnancy-specific beta-1-glycoprotein 131].

5. Use of multiple biomarkers in ectopic pregnancy

As maintenance of a viable pregnancy requires an interplay of multiple factors, no single
marker has been used successfully as a biomarker for EP. It seems prudent, therefore, to
combine these markers and use them in the multiple marker setting. Rausch et al demonstrated
that a four-marker test including Progesterone, VEGF, Inhibin A, and Activin A could predict
EP with 100% accuracy in those with an hCG<1500 mIU/mL [28]. Further studies are necessary
to fully assess the discriminatory capacity of such a test. Similarly, Feng et al found a combi‐
nation of Δβ-hCG, Progesterone and Oestradiol to be helpful in distinguishing EPs and normal
IUPs, facilitating earlier diagnosis and the timely implementation of medical treatment to
prevent tubal rupture [132].

Soriano et al found that the combination of inflammatory cytokines IL-6, IL-8, and TNF-alpha
was able to predict EP with specificity of 100%, but sensitivity of 52.9% [115].

Another group in Switzerland developed a multiple marker test, the “triple marker analysis”
[VEGF/(PAPP-A X P)] had a sensitivity of 97.7% with a specificity of 92.4% in diagnosing
EP [38].

In another study, investigators studied serum levels of 17β-estradiol (E2), progesterone (P4),
testosterone (T), beta-human chorionic gonadotropin (β-hCG), vascular endothelial growth
factor-A (VEGF-A), placental growth factor (PIGF), and a distintegrin and metalloprotease
protein 12 (ADAM12) in different patient groups with no definite results [133].

6. Conclusion

Novel biomarker of ectopic pregnancy with adequate sensitivity and specificity could assist
in early diagnosis and hence timely intervention, thereby dramatically reducing the morbidity
and mortality. There are number of potential molecules for use as biomarkers in women at risk
for EP. As no single biomarker is ready for use in clinical setting, more prospective cohorts
including ectopic pregnancy, normal and abnormal IUPs are required to validate these
markers. Also, it would be prudent to concentrate the efforts on developing a panel of markers
which include markers of viability, location of implantation and fetal milieu. Recent times have
witnessed positive developments in this field, but lot of validation is required before a marker
can be used independently in clinical setting.

Contemporary Gynecologic Practice64

Author details

Soundravally  Rajendiren* and Pooja  Dhiman

*Address all correspondence to: soundy27@yahoo.co.in

Department of Biochemistry, JIPMER, Puducherry, India

References

[1] Hasan R, Baird DD, Herring AH, Olshan AF, Johnsson Funk ML, Hartmann KE. Pat‐
tern and predictors of vaginal bleeding in the first trimester of pregnancy. Ann Epi‐
demiol 2010;20 (7):524-31.

[2] Barnhart KT. Clinical practice-Ectopic pregnancy. N Engl J Med 2009; 361:379-87.

[3] Condous G, Okaro E, Bourne T. The conservative management of early pregnancy
complication: a review of literature. Ultrasound Obstet Gynecol 2003; 22: 420-30.

[4] Shaunik A, Kulp J, Appleby DH, Sammel MD, Barnhart KT. Utility of dilation and
curettage in the diagnosis of pregnancy of unknown location. Am J Obstet Gynecol
2011;204:130–136.

[5] Lenton EA, Neal LM, Sulaiman R. Plasma concentrations of human chorionic gona‐
dotropin from the time of implantation until the second week of pregnancy. Fertil
Steril 1982;37(6):773-8.

[6] Barnhart KT, Sammel MD, Rinaudo PF, Zhou L, Hummel AC, Guo W. Symptomatic
patients with an early viable intrauterine pregnancy: hCG curves redefined. Obstet‐
rics and Gynecology 2004;104:50-55.

[7] Seeber BE, Sammel MD, Guo W, Zhou L, Hummel A, Barnhart KT. Application of
redefined of human chorionic gonadotropin curves for the diagnosis of women at
risk for ectopic pregnancy. Fertility and sterility 2006; 86:454-9.

[8] Morse CB, Sammel MD, Shaukina A, Allen-Taylor L, Oberfoell NL, Takacas P,
Chung K et al. Performance of human chorionic gonadotropin curves in women at
risk for ectopic pregnancy: exceptions to the rules. Fertili Steril 2012;97(1):101-6.

[9] Desai D, Lu J, Wyness SP, Greene DN, Olson KN, Wiley CL, Grenache DG. Human
chorionic gonadotropin discriminatory zone in ectopic pregnancy: does assay harmo‐
nization matter? Fertil Steril. 2014;101(6):1671-4.

[10] Condous G, Okaro E, Khalid A, Timmerman D, Lu C, Zhou Y et al. The use of a new
logistic regression model for predicting the outcome of pregnancies of unknown lo‐
cation. Hum Reprod 2004; 19: 1900-10.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

65



[11] Kirk E, Condous G, Haid Z, Lu C, Van Huffel S, Timmerman D, Bourne T. The prac‐
tical application of a mathematical model to predict the outcome of pregnancies of
unknown location. Ultrasound Obstet Gynecol 2006; 27(3): 311-5.

[12] Barnhart KT, Sammel MD, Appleby D, Rausch M, Molinaro T, Van Calster B et al.
Does a prediction model for pregnancy of unknown location developed in the UK
validate on a US population? Hum Reprod 2010; 25:2434-40.

[13] Condous G, Van Calster B, Kirk E, Haider Z, Timmerman D, Van Huffel S, Bourne T.
Prediction of ectopic pregnancy in women with a pregnancy of unknown location.
Ultrasound Obstet Gynecol 2007b;29:680–687.

[14] Zee J, Sammel MD, Chung K, Takacs P, Bourne T, Barnhart KT. Ectopic pregnancy
prediction in women with a pregnancy of unknown location: data beyond 48 hour
are necessary. Hum Reprod 2014;29(3):441-7.

[15] Helmy S, Bader Y, Pablik E, Tiringer D, Pils S, Lami T, Koblik H et al. Cut-off value
of initial serum β-hCG level predicting a successful methotrexate therapy in tubal ec‐
topic pregnancy: a retrospective cohort study. Eur J Obstet Gynecol Reprod Biol
2014;179C:175-80.

[16] Nowak-Markwitz E, Michalak M, Olejnik M, Spaczynski M. Cut-off value of human
chorionic gonadotropin in relation to the number of methotrexate cycles in the suc‐
cessful treatment of ectopic pregnancy. Fertil Steril 2009;92(4):1203-7.

[17] Cole LA, Butler SA. Hyperglycosylated human chorionic gonadotropin and human
chorionic gonadotropin free beta-subunit: tumor markers and tumor promoters. J Re‐
prod Med 2008;53:499-512.

[18] Guibourdenche J, Handschuh K, Tsatsaris V, Gerbaud P, Leguy MC, Muller F, Brion
DE, Fournier T. Hyperglycosylated hCG is a marker of early human trophoblast in‐
vasion. J Clin Endocrinol Metab 2010; 95:E240-244.

[19] Sasaki Y, Ladner DG, Cole LA. Hyperglycosylated human chorionic gonadotropin
and the source of pregnancy failures. Fertil Steril 2008;89(6):1781-6.

[20] Cole LA. Hyperglycosylated hCG and pregnancy failures. J Reprod Immunol
2012;93(2):119-22.

[21] Sutton-Riley JM, Khanlian SA, Byrn FW, Cole LA. A single serum test for measuring
early pregnancy outcome with high predictive value. Clin Biochem 2006;39:682-7.

[22] Butler SA, Abban TK, Borrelli PT, Luttoo JM, Kemp B, Iles RK. Single point biochem‐
ical measurement algorithm for early diagnosis of ectopic pregnancy. Clin Biochem.
2013 ;46(13-14):1257-63.

[23] Chuan S, Homer M, Pandian R, Conway D, Garzo G, Yeo L, Su HI. Hyperglycosylat‐
ed human chorionic gonadotropin as an early predictor of pregnancy outcomes after
in vitro fertilization. Fertil Steril. 2014;101(2):392-8.

Contemporary Gynecologic Practice66



[11] Kirk E, Condous G, Haid Z, Lu C, Van Huffel S, Timmerman D, Bourne T. The prac‐
tical application of a mathematical model to predict the outcome of pregnancies of
unknown location. Ultrasound Obstet Gynecol 2006; 27(3): 311-5.

[12] Barnhart KT, Sammel MD, Appleby D, Rausch M, Molinaro T, Van Calster B et al.
Does a prediction model for pregnancy of unknown location developed in the UK
validate on a US population? Hum Reprod 2010; 25:2434-40.

[13] Condous G, Van Calster B, Kirk E, Haider Z, Timmerman D, Van Huffel S, Bourne T.
Prediction of ectopic pregnancy in women with a pregnancy of unknown location.
Ultrasound Obstet Gynecol 2007b;29:680–687.

[14] Zee J, Sammel MD, Chung K, Takacs P, Bourne T, Barnhart KT. Ectopic pregnancy
prediction in women with a pregnancy of unknown location: data beyond 48 hour
are necessary. Hum Reprod 2014;29(3):441-7.

[15] Helmy S, Bader Y, Pablik E, Tiringer D, Pils S, Lami T, Koblik H et al. Cut-off value
of initial serum β-hCG level predicting a successful methotrexate therapy in tubal ec‐
topic pregnancy: a retrospective cohort study. Eur J Obstet Gynecol Reprod Biol
2014;179C:175-80.

[16] Nowak-Markwitz E, Michalak M, Olejnik M, Spaczynski M. Cut-off value of human
chorionic gonadotropin in relation to the number of methotrexate cycles in the suc‐
cessful treatment of ectopic pregnancy. Fertil Steril 2009;92(4):1203-7.

[17] Cole LA, Butler SA. Hyperglycosylated human chorionic gonadotropin and human
chorionic gonadotropin free beta-subunit: tumor markers and tumor promoters. J Re‐
prod Med 2008;53:499-512.

[18] Guibourdenche J, Handschuh K, Tsatsaris V, Gerbaud P, Leguy MC, Muller F, Brion
DE, Fournier T. Hyperglycosylated hCG is a marker of early human trophoblast in‐
vasion. J Clin Endocrinol Metab 2010; 95:E240-244.

[19] Sasaki Y, Ladner DG, Cole LA. Hyperglycosylated human chorionic gonadotropin
and the source of pregnancy failures. Fertil Steril 2008;89(6):1781-6.

[20] Cole LA. Hyperglycosylated hCG and pregnancy failures. J Reprod Immunol
2012;93(2):119-22.

[21] Sutton-Riley JM, Khanlian SA, Byrn FW, Cole LA. A single serum test for measuring
early pregnancy outcome with high predictive value. Clin Biochem 2006;39:682-7.

[22] Butler SA, Abban TK, Borrelli PT, Luttoo JM, Kemp B, Iles RK. Single point biochem‐
ical measurement algorithm for early diagnosis of ectopic pregnancy. Clin Biochem.
2013 ;46(13-14):1257-63.

[23] Chuan S, Homer M, Pandian R, Conway D, Garzo G, Yeo L, Su HI. Hyperglycosylat‐
ed human chorionic gonadotropin as an early predictor of pregnancy outcomes after
in vitro fertilization. Fertil Steril. 2014;101(2):392-8.

Contemporary Gynecologic Practice66

[24] Keikkala E, Ranta JK, Vuorela P, Leinonen R, Laivuori H, Väisänen S, Marttala J,
Romppanen J, Pulkki K, Stenman UH, Heinonen S. Serum hyperglycosylated human
chorionic gonadotrophin at 14-17 weeks of gestation does not predict preeclampsia.
Prenat Diagn. 2014;34(7):699-705.

[25] Keikkala E, Vuorela P, Laivuori H, Romppanen J, Heinonen S, Stenman UH. First tri‐
mester hyperglycosylated human chorionic gonadotrophin in serum-a marker of ear‐
ly-onset preeclampsia. Placenta. 2013;34(11):1059-65.

[26] Bearfield C, Jauniaux E, Groome N, Sargent IL, Muttukrishna S. The secretion and ef‐
fect of inhibin A, activin A and follistatin on first-trimester trophoblasts in vitro. Eur
J Endocrinol. 2005; 152(6):909-16.

[27] Florio P, Severi FM, Bocchi C, Luisi S, Mazzini M, Danero S, Torricelli M, Petraglia F.
Single serum activin a testing to predict ectopic pregnancy. J Clin Endocrinol Metab.
2007; 92(5):1748-53.

[28] Rausch ME, Sammel MD, Takacs P, Chung K, Shaunik A, Barnhart KT. Development
of a multiple marker test for ectopic pregnancy. Obstet Gynecol. 2011; 117(3):573-82.

[29] Daponte A, Deligeoroglou E, Garas A, Pournaras S, Hadjichristodoulou C, Messinis
IE. Activin A and follistatin as biomarkers for ectopic pregnancy and missed abor‐
tion. Dis Markers. 2013;35(5):497-503.

[30] Warrick J, Gronowski A, Moffett C, Zhao Q, Bishop E, Woodworth A. Serum activin
A does not predict ectopic pregnancy as a single measurement test, alone or as part
of a multi-marker panel including progesterone and hCG. Clin Chim Acta. 2012;
413(7-8):707-11.

[31] Kirk E, Papageorghiou AT, Van Calster B, Condous G, Cowans N, Van Huffel S,
Timmerman D, Spencer K, Bourne T. The use of serum inhibin A and activin A levels
in predicting the outcome of 'pregnancies of unknown location'. Hum Reprod. 2009;
24(10):2451-6.

[32] Elito Júnior J, Gustavo Oliveira L, Octávio Fernandes Silva M, Araujo Júnior E, Ca‐
mano L. Serum activin A levels and tubal ectopic pregnancy. Iran J Reprod Med.
2014;12(3):227-8.

[33] de Kretser, DM, Foulds, LM, Hancock, M, Robertson DM. Partial characterization of
inhibin, activin, and follistatin in the term human placenta. J. Clin. Endocrinol. Metab
1994;79:502–507.

[34] Woodruff, T.K., Sluss, P., Wang, E, Janssen I, Mersol-Barg MS. Activin A and follista‐
tin are dynamically regulated during human pregnancy. J. Endocrinol 1997;152:167–
175.

[35] Nakamura, T, Takio K., Eto Y, Shibai H, Titani K, Sugino H. Activin-binding protein
from rat ovary is follistatin. Science 1990;247:836–838.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

67



[36] Wang J, Liu S, Qin HM, Zhao Y, Wang XQ, Yan Q. Pregnancy-associated plasma pro‐
tein A up-regulated by progesterone promotes adhesion and proliferation of tropho‐
blastic cells. Int J Clin Exp Pathol. 2014;7(4):1427-37.

[37] Nicolaides KH, Spencer K, Avgidou K, Faiola S, Falcon O. Multicenter study of first-
trimester screening for trisomy 21 in 75 821 pregnancies: results and estimation of the
potential impact of individual risk-orientated two-stage first-trimester screening. Ul‐
trasound Obstet Gynecol. 2005; 25(3):221-6.

[38] Mueller MD, Raio L, Spoerri S, Ghezzi F, Dreher E, Bersinger NA. Novel placental
and non-placental serum markers in ectopic versus normal intrauterine pregnancy.
Fertil Steril 2004;81(4):1106-11.

[39] Dumps P, Meisser A, Pons D, Morales MA, Anguenot JL, Campana A, Bischof P. Ac‐
curacy of single measurements of pregnancy-associated plasma protein-A, human
chorionic gonadotropin and progesterone in the diagnosis of early pregnancy failure.
Eur J Obstet Gynecol Reprod Biol. 2002; 100(2):174-80.

[40] Ugurlu EN, Ozaksit G, Karaer A, Zulfikaroglu E, Atalay A, Ugur M. The value of
vascular endothelial growth factor, pregnancy-associated plasma protein-A, and pro‐
gesterone for early differentiation of ectopic pregnancies, normal intrauterine preg‐
nancies, and spontaneous miscarriages. Fertil Steril. 2009;91:1657–61.

[41] Daponte A, Pournaras S, Zintzaras E, Kallitsaris A, Lialios G, Maniatis AN, et al. The
value of a single combined measurement of VEGF, glycodelin, progesterone, PAPP-
A, HPL and LIF for differentiating between ectopic and abnormal intrauterine preg‐
nancy. Hum Reprod. 2005;20:3163–6.

[42] Horne CH, Towler CM, Pugh-Humphreys RG, Thomson AW, Bohn H. Pregnancy
specific beta1-glycoprotein--a product of the syncytiotrophoblast. Experientia. 1976;
32(9):1197.

[43] Ha CT, Wu JA, Irmak S, Lisboa FA, Dizon AM, Warren JW, Ergun S, Dveksler GS.
Human pregnancy specific beta-1-glycoprotein 1 (PSG1) has a potential role in pla‐
cental vascular morphogenesis. Biol Reprod. 2010 ;83(1):27-35.

[44] Pihl K, Larsen T, Laursen I, Krebs L, Christiansen M. First trimester maternal serum
pregnancy-specific beta-1-glycoprotein (SP1) as a marker of adverse pregnancy out‐
come. Prenat Diagn. 2009;29(13):1256-61.

[45] Tornehave D, Chemnitz J, Westergaard JG, Teisner B, Poulsen HK, Bolton AE, Grud‐
zinskas JG. Placental proteins in peripheral blood and tissues of ectopic pregnancies.
Gynecol Obstet Invest. 1987; 23(2):97-102.

[46] Witt BR, Wolf GC, Wainwright CJ, Johnston PD, Thorneycroft IH. Relaxin, CA-125,
progesterone, estradiol, Schwangerschaft protein, and human chorionic gonadotro‐
pin as predictors of outcome in threatened and non-threatened pregnancies. Fertil
Steril. 1990; 53(6):1029-36.

Contemporary Gynecologic Practice68



[36] Wang J, Liu S, Qin HM, Zhao Y, Wang XQ, Yan Q. Pregnancy-associated plasma pro‐
tein A up-regulated by progesterone promotes adhesion and proliferation of tropho‐
blastic cells. Int J Clin Exp Pathol. 2014;7(4):1427-37.

[37] Nicolaides KH, Spencer K, Avgidou K, Faiola S, Falcon O. Multicenter study of first-
trimester screening for trisomy 21 in 75 821 pregnancies: results and estimation of the
potential impact of individual risk-orientated two-stage first-trimester screening. Ul‐
trasound Obstet Gynecol. 2005; 25(3):221-6.

[38] Mueller MD, Raio L, Spoerri S, Ghezzi F, Dreher E, Bersinger NA. Novel placental
and non-placental serum markers in ectopic versus normal intrauterine pregnancy.
Fertil Steril 2004;81(4):1106-11.

[39] Dumps P, Meisser A, Pons D, Morales MA, Anguenot JL, Campana A, Bischof P. Ac‐
curacy of single measurements of pregnancy-associated plasma protein-A, human
chorionic gonadotropin and progesterone in the diagnosis of early pregnancy failure.
Eur J Obstet Gynecol Reprod Biol. 2002; 100(2):174-80.

[40] Ugurlu EN, Ozaksit G, Karaer A, Zulfikaroglu E, Atalay A, Ugur M. The value of
vascular endothelial growth factor, pregnancy-associated plasma protein-A, and pro‐
gesterone for early differentiation of ectopic pregnancies, normal intrauterine preg‐
nancies, and spontaneous miscarriages. Fertil Steril. 2009;91:1657–61.

[41] Daponte A, Pournaras S, Zintzaras E, Kallitsaris A, Lialios G, Maniatis AN, et al. The
value of a single combined measurement of VEGF, glycodelin, progesterone, PAPP-
A, HPL and LIF for differentiating between ectopic and abnormal intrauterine preg‐
nancy. Hum Reprod. 2005;20:3163–6.

[42] Horne CH, Towler CM, Pugh-Humphreys RG, Thomson AW, Bohn H. Pregnancy
specific beta1-glycoprotein--a product of the syncytiotrophoblast. Experientia. 1976;
32(9):1197.

[43] Ha CT, Wu JA, Irmak S, Lisboa FA, Dizon AM, Warren JW, Ergun S, Dveksler GS.
Human pregnancy specific beta-1-glycoprotein 1 (PSG1) has a potential role in pla‐
cental vascular morphogenesis. Biol Reprod. 2010 ;83(1):27-35.

[44] Pihl K, Larsen T, Laursen I, Krebs L, Christiansen M. First trimester maternal serum
pregnancy-specific beta-1-glycoprotein (SP1) as a marker of adverse pregnancy out‐
come. Prenat Diagn. 2009;29(13):1256-61.

[45] Tornehave D, Chemnitz J, Westergaard JG, Teisner B, Poulsen HK, Bolton AE, Grud‐
zinskas JG. Placental proteins in peripheral blood and tissues of ectopic pregnancies.
Gynecol Obstet Invest. 1987; 23(2):97-102.

[46] Witt BR, Wolf GC, Wainwright CJ, Johnston PD, Thorneycroft IH. Relaxin, CA-125,
progesterone, estradiol, Schwangerschaft protein, and human chorionic gonadotro‐
pin as predictors of outcome in threatened and non-threatened pregnancies. Fertil
Steril. 1990; 53(6):1029-36.

Contemporary Gynecologic Practice68

[47] Huppertz B, Bartz C, Kokozidou M. Trophoblast fusion: fusogenic proteins, syncy‐
tins and ADAMs, and other prerequisites for syncytial fusion. Micron. 2006; 37(6):
509-17.

[48] Rausch ME, Beer L, Sammel MD, Takacs P, Chung, Shaunik A, Speicher D, Barnhart
KT. A disintegrin and metalloprotease protein-12 as a novel marker for the diagnosis
of ectopic pregnancy. Fertil Steril. 2011;95(4):1373-8.

[49] Horne AW, Brown JK, Tong S, Kaitu'u-Lino T. Evaluation of ADAM-12 as a diagnos‐
tic biomarker of ectopic pregnancy in women with a pregnancy of unknown location.
PLoS One. 2012;7(8):e41442.

[50] Yang J, Wu J, Guo F, Wang D, Chen K, Li J, Du L, Yin A. Maternal serum disintegrin
and metalloprotease protein-12 in early pregnancy as a potential marker of adverse
pregnancy outcomes. PLoS One. 2014;9(5):e97284.

[51] Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T. Identification of novel genes
coding for small expressed RNAs. Science. 2001; 294:853–8.

[52] Lee RC, Ambros V. An extensive class of small RNAs in Caenorhabditis elegans. Sci‐
ence. 2001;294:862–4.

[53] Zhao Z, Zhao Q, Warrick J, Lockwood CM, Woodworth A, Moley KH, Gronowski
AM. Circulating microRNA miR-323-3p as a biomarker of ectopic pregnancy. Clin
Chem. 2012; 58:896–905.

[54] Takacs P, Jaramillo S, Datar R, Williams A, Olczyk J, Barnhart K. Placental mRNA in
maternal plasma as a predictor of ectopic pregnancy. Int J Gynaecol Obstet.
2012;117:131–3.

[55] Lo YM, Tsui NB, Chiu RW, Lau TK, Leung TN, Heung MM, Gerovassili A et al. Plas‐
ma placental RNA allelic ratio permits noninvasive prenatal chromosomal aneuploi‐
dy detection. Nat Med.2007;13:218–23.

[56] Ng EK, Tsui NB, Lau TK, Leung TN, Chiu RW, Panesar NS, Lit LC et al. mRNA of
placental origin is readily detectable in maternal plasma. Proc Natl Acad Sci U S A.
2003;100:4748–53.

[57] Jones EA, Clement-Jones M, James OF & Wilson DI. Differences between human and
mouse alpha-fetoprotein expression during early development. Journal of Anatomy
2001;198:555–559.

[58] Grosskinsky CM, Hage ML, Tyrey L, Christakos AC & Hughes CL. hCG, progester‐
one, alpha-fetoprotein, and estradiol in the identification of ectopic pregnancy. Ob‐
stetrics and Gynecology 1993; 81:705–709.

[59] Kuscu E, Vicdan K, Turhan NO, Oguz S, Zorlu G &Gokmen O. The hormonal profile
in ectopic pregnancies. Materia Medica Polona 1993; 25:149–152.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

69



[60] Lazar L, Nagy B, Ban Z, Nagy GR & Papp Z. Presence of cell-free fetal DNA in plas‐
ma of women with ectopic pregnancies. Clinical Chemistry 2006;52: 1599–1601.

[61] Arck P, Hansen PJ, Mulac Jericevic B, Piccinni MP, Szekeres-Bartho J. Progesterone
during pregnancy: endocrine-immune cross talk in mammalian species and the role
of stress. Am J Reprod Immunol. 2007; 58(3):268-79.

[62] Hinshaw K, Fayyad A, Munjuluri P. The management of early pregnancy loss. Royal
College of Obstetricians and Gynaecologists, 2006. (Green-top guideline No 25).

[63] Verhaegen J, Gallos ID, van Mello NM, Abdel-Aziz M, Takwoingi Y, Harb H, Deeks
JJ, Mol BWJ, Coomarasamy A. Accuracy of single progesterone test to predict early
pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies.
BMJ 2012;345:e6077.

[64] Mol BW, Lijmer JG, Ankum WM, van der Veen F, Bossuyt PM. The accuracy of sin‐
gle serum progesterone measurement in the diagnosis of ectopic pregnancy: a meta-
analysis. Hum Reprod. 1998; 13:3220–7.

[65] Guillaume J, Benjamin F, Sicuranza BJ, Deutsch S, Seltzer VL &Tores W. Serum estra‐
diol as an aid in the diagnosis of ectopic pregnancy. Obstetrics and Gynecology
1990;76: 1126–1129.

[66] Mantzavinos T, Phocas I, Chrelias H, Sarandakou A&Zourlas PA.Serum levels of ste‐
roid and placental protein hormones in ectopic pregnancy. European Journal of Ob‐
stetrics, Gynecology, and Reproductive Biology 1991;39:117–122.

[67] Treetampinich C, O’Connor AE, MacLachlan V, Groome NP, de Kretser DM. Mater‐
nal serum inhibin A concentrations in early pregnancy after IVF and embryo transfer
reflect the corpus luteum contribution and pregnancy outcome. Hum Reprod. 2000;
15:2028–32.

[68] Seifer DB, Lambert-Messerlian GM, Canick JA, Frishman GN, Schneyer AL. Serum
inhibin levels are lower in ectopic than intrauterine spontaneously conceived preg‐
nancies. Fertil Steril. 1996;65:667–9.

[69] Segal S, Gor H, Correa N, Mercado R, Veenstra K, Rivnay B. Inhibin A: marker for
diagnosis of ectopic and early abnormal pregnancies. Reprod Biomed Online. 2008;
17:789–94.

[70] Chetty M, Sawyer E, Dew T, Chapman AJ, Elson J. The use of novel biochemical
markers in predicting spontaneously resolving ‘pregnancies of unknown location’.
Hum Reprod. 2011;26:1318–23.

[71] Weiss G, O’Byrne EM &Steinetz BG. Relaxin: a product of the human corpus luteum
in pregnancy. Science 1976;194:948–949.

Contemporary Gynecologic Practice70



[60] Lazar L, Nagy B, Ban Z, Nagy GR & Papp Z. Presence of cell-free fetal DNA in plas‐
ma of women with ectopic pregnancies. Clinical Chemistry 2006;52: 1599–1601.

[61] Arck P, Hansen PJ, Mulac Jericevic B, Piccinni MP, Szekeres-Bartho J. Progesterone
during pregnancy: endocrine-immune cross talk in mammalian species and the role
of stress. Am J Reprod Immunol. 2007; 58(3):268-79.

[62] Hinshaw K, Fayyad A, Munjuluri P. The management of early pregnancy loss. Royal
College of Obstetricians and Gynaecologists, 2006. (Green-top guideline No 25).

[63] Verhaegen J, Gallos ID, van Mello NM, Abdel-Aziz M, Takwoingi Y, Harb H, Deeks
JJ, Mol BWJ, Coomarasamy A. Accuracy of single progesterone test to predict early
pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies.
BMJ 2012;345:e6077.

[64] Mol BW, Lijmer JG, Ankum WM, van der Veen F, Bossuyt PM. The accuracy of sin‐
gle serum progesterone measurement in the diagnosis of ectopic pregnancy: a meta-
analysis. Hum Reprod. 1998; 13:3220–7.

[65] Guillaume J, Benjamin F, Sicuranza BJ, Deutsch S, Seltzer VL &Tores W. Serum estra‐
diol as an aid in the diagnosis of ectopic pregnancy. Obstetrics and Gynecology
1990;76: 1126–1129.

[66] Mantzavinos T, Phocas I, Chrelias H, Sarandakou A&Zourlas PA.Serum levels of ste‐
roid and placental protein hormones in ectopic pregnancy. European Journal of Ob‐
stetrics, Gynecology, and Reproductive Biology 1991;39:117–122.

[67] Treetampinich C, O’Connor AE, MacLachlan V, Groome NP, de Kretser DM. Mater‐
nal serum inhibin A concentrations in early pregnancy after IVF and embryo transfer
reflect the corpus luteum contribution and pregnancy outcome. Hum Reprod. 2000;
15:2028–32.

[68] Seifer DB, Lambert-Messerlian GM, Canick JA, Frishman GN, Schneyer AL. Serum
inhibin levels are lower in ectopic than intrauterine spontaneously conceived preg‐
nancies. Fertil Steril. 1996;65:667–9.

[69] Segal S, Gor H, Correa N, Mercado R, Veenstra K, Rivnay B. Inhibin A: marker for
diagnosis of ectopic and early abnormal pregnancies. Reprod Biomed Online. 2008;
17:789–94.

[70] Chetty M, Sawyer E, Dew T, Chapman AJ, Elson J. The use of novel biochemical
markers in predicting spontaneously resolving ‘pregnancies of unknown location’.
Hum Reprod. 2011;26:1318–23.

[71] Weiss G, O’Byrne EM &Steinetz BG. Relaxin: a product of the human corpus luteum
in pregnancy. Science 1976;194:948–949.

Contemporary Gynecologic Practice70

[72] Garcia A, Skurnick JH, Goldsmith LT, Emmi A & Weiss G. Human chorionic gona‐
dotropin and relaxin concentrations in early ectopic and normal pregnancies. Obstet‐
rics and Gynecology 1990;75:779–783.

[73] Sealey JE, Cholst I, Glorioso N, Troffa C, Weintraub ID, James G &Laragh JH. Se‐
quential changes in plasma luteinising hormone and plasma prorenin during the
menstrual cycle. Journal of Clinical Endocrinology and Metabolism1987;65: 1.

[74] Meunier K, Mignot TM, Maria B, Guichard A, Zorn JR &Cedard L. Predictive value
of renin assay for the diagnosis of ectopic pregnancy. Fertility and Sterility
1991;55:432–435.

[75] Carmeliet P, Ferreira V, Breier G, Pollefeyt S, Kieckens L, Gertsenstein M, Fahriq M et
al. Abnormal blood vessel development and lethality in embryos lacking a single
VEGF allele. Nature 1996; 380:435–9.

[76] Cabar FR, Pereira PP, Schultz R, Francisco RP, Zugaib M. Vascular endothelial
growth factor and β-human chorionic gonadotropin are associated with trophoblas‐
tic invasion into the tubal wall in ectopic pregnancy. Fertil Steril. 2010;94(5):1595-600.

[77] Daniel Y, Geva E, Lerner-Geva L, Eshed-Englender T, Gamzu R, Lessing JB, et al.
Levels of vascular endothelial growth factor are elevated in patients with ectopic
pregnancy: is this a novel marker? Fertil Steril. 1999; 72:1013–7.

[78] Felemban A, Sammour A, Tulandi T. Serum vascular endothelial growth factor as a
possible marker for early ectopic pregnancy. Hum Reprod. 2002; 17:490–2.

[79] Fernandes da Silva MO, Elito J Jr, Daher S, Camano L, Fernandes Moron A. Associa‐
tion of serum levels of vascular endothelial growth factor and early ectopic pregnan‐
cy. Clin Exp Obstet Gynecol. 2013;40(4):489-91.

[80] Plaisier M, Rodrigues S, Willems F, Koolwijk P, van Hinsbergh VW, Helmerhorst
FM. Different degrees of vascularization and their relationship to the expression of
vascular endothelial growth factor, placental growth factor, angiopoietins, and their
receptors in first-trimester decidual tissues. Fertil Steril. 2007; 88(1):176-87.

[81] Horne AW, Shaw JL, Murdoch A, McDonald SE, Williams AR, Jabbour HN, Duncan
WC, Critchley HO. Placental growth factor: a promising diagnostic biomarker for tu‐
bal ectopic pregnancy. J Clin Endocrinol Metab. 2011; 96(1):E104-8.

[82] Daponte A, Pournaras S, Polyzos NP, Tsezou A, Skentou H, Anastasiadou F, Lialios
G, Messinis IE. Soluble FMS-like tyrosine kinase-1 (sFlt-1) and serum placental
growth factor (PlGF) as biomarkers for ectopic pregnancy and missed abortion. J Clin
Endocrinol Metab. 2011; 96(9):E1444-51.

[83] Martínez-Ruiz A, Sarabia-Meseguer MD, Pérez-Fornieles J, Vílchez JA, Tovar-Zapata
I, Noguera-Velasco JA. Placental growth factor, soluble fms-like tyrosine kinase 1
and progesterone as diagnostic biomarkers for ectopic pregnancy and missed abor‐
tion. Clin Biochem. 2014 ;47(9):844-7.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

71



[84] Woolnough C, Wang Y, Kan CY, Morris JM, Tasevski V, Ashton AW. Source of an‐
giopoietin-2 in the sera of women during pregnancy. Microvasc Res 2012;84: 367–374.

[85] Seval Y, Sati L, Celik-Ozenci C, Taskin O, Demir R. The distribution of angiopoie‐
tin-1, angiopoietin-2 and their receptors tie-1 and tie-2 in the very early human pla‐
centa. Placenta 2008;29: 809–815.

[86] Daponte A, Deligeoroglou E, Pournaras S, Tsezou A, Garas A, Anastasiadou F, Had‐
jichristodoulou C, Messinis IE. Angiopoietin-1 and angiopoietin-2 as serum biomark‐
ers for ectopic pregnancy and missed abortion: a case-control study. Clin Chim Acta.
2013;415:145-51.

[87] Schneuer FJ, Roberts CL, Ashton AW, Guilbert C, Tasevski V, Morris JM, Nassar N.
Angiopoietin 1 and 2 serum concentrations in first trimester of pregnancy as bio‐
markers of adverse pregnancy outcomes. Am J Obstet Gynecol. 2014;210(4):345.e1-9.

[88] Senturk LM, Arici A. Leukemia inhibitory factor in human reproduction. American
journal of Reproductive Immunology 1998;39:137-143.

[89] Wegener NT, Mershon JL. Evaluation of leukemia inhibitory factors as a marker of
ectopic pregnancy. American journal of Obstetrics and Gynaecology
2001;184:1074-76.

[90] Iyibozkurt AC, Kalelioglu I, Gursoy S, Corbacioglu A, Gurelpolat N, Karahan GE,
Saygili H, Bengisu E. Evaluation of serum levels of IL-10, IL-11 and LIF in differentia‐
tion of eutopic and tubal ectopic pregnancy. Clin Exp Obstet Gynecol 2010;37(3):
217-20.

[91] Guney M, Erdemoglu E, Oral B, Karahan N, Mungan T. Leukemia inhibitory factor is
immunohistochemically localized in tubal ectopic pregnancy. Acta Histochem
2008;110(4):319-23.

[92] Ji YF, Chen LY, Xu KH, Yao JF, Shi YF. Locally elevated leukemia inhibitory factor in
the inflamed fallopian tube resembles that found in tubal pregnancy. Fertil Steril
2009;91(6):2308-14.

[93] Ruge S, Sorensen S, Vegtorp M, Vejerslev LO. The secretory endometrial protein, pla‐
cental protein 14, in women with ectopic gestation. Fertility &Sterlity 1992;57:102-6.

[94] Vigne JL, Hornung D, Mueller MD, Taylor RN. Purification and characterization of
an immunomodulatory endometrial protein glycodelin. J Biol Chem
2001;276:17101-5.

[95] Foth D, Romer T. Glycodelin serum levels in women with ectopic pregnancy. Eur J
Obstet Gynecol Reprod Biol 2003;108(2):199-202.

[96] Aplin JD, Hey NA. MUC1, endometrium and embryo implantation. Biochem Soc
Trans 1995;23:826-31.

Contemporary Gynecologic Practice72



[84] Woolnough C, Wang Y, Kan CY, Morris JM, Tasevski V, Ashton AW. Source of an‐
giopoietin-2 in the sera of women during pregnancy. Microvasc Res 2012;84: 367–374.

[85] Seval Y, Sati L, Celik-Ozenci C, Taskin O, Demir R. The distribution of angiopoie‐
tin-1, angiopoietin-2 and their receptors tie-1 and tie-2 in the very early human pla‐
centa. Placenta 2008;29: 809–815.

[86] Daponte A, Deligeoroglou E, Pournaras S, Tsezou A, Garas A, Anastasiadou F, Had‐
jichristodoulou C, Messinis IE. Angiopoietin-1 and angiopoietin-2 as serum biomark‐
ers for ectopic pregnancy and missed abortion: a case-control study. Clin Chim Acta.
2013;415:145-51.

[87] Schneuer FJ, Roberts CL, Ashton AW, Guilbert C, Tasevski V, Morris JM, Nassar N.
Angiopoietin 1 and 2 serum concentrations in first trimester of pregnancy as bio‐
markers of adverse pregnancy outcomes. Am J Obstet Gynecol. 2014;210(4):345.e1-9.

[88] Senturk LM, Arici A. Leukemia inhibitory factor in human reproduction. American
journal of Reproductive Immunology 1998;39:137-143.

[89] Wegener NT, Mershon JL. Evaluation of leukemia inhibitory factors as a marker of
ectopic pregnancy. American journal of Obstetrics and Gynaecology
2001;184:1074-76.

[90] Iyibozkurt AC, Kalelioglu I, Gursoy S, Corbacioglu A, Gurelpolat N, Karahan GE,
Saygili H, Bengisu E. Evaluation of serum levels of IL-10, IL-11 and LIF in differentia‐
tion of eutopic and tubal ectopic pregnancy. Clin Exp Obstet Gynecol 2010;37(3):
217-20.

[91] Guney M, Erdemoglu E, Oral B, Karahan N, Mungan T. Leukemia inhibitory factor is
immunohistochemically localized in tubal ectopic pregnancy. Acta Histochem
2008;110(4):319-23.

[92] Ji YF, Chen LY, Xu KH, Yao JF, Shi YF. Locally elevated leukemia inhibitory factor in
the inflamed fallopian tube resembles that found in tubal pregnancy. Fertil Steril
2009;91(6):2308-14.

[93] Ruge S, Sorensen S, Vegtorp M, Vejerslev LO. The secretory endometrial protein, pla‐
cental protein 14, in women with ectopic gestation. Fertility &Sterlity 1992;57:102-6.

[94] Vigne JL, Hornung D, Mueller MD, Taylor RN. Purification and characterization of
an immunomodulatory endometrial protein glycodelin. J Biol Chem
2001;276:17101-5.

[95] Foth D, Romer T. Glycodelin serum levels in women with ectopic pregnancy. Eur J
Obstet Gynecol Reprod Biol 2003;108(2):199-202.

[96] Aplin JD, Hey NA. MUC1, endometrium and embryo implantation. Biochem Soc
Trans 1995;23:826-31.

Contemporary Gynecologic Practice72

[97] Savaris RF, da Silva LC, Moraes Gda S, Edelweiss MI. Expression of MUC1 in tubal
pregnancy. Fertil Steril 2008;89(4):1015-17.

[98] Refaat B, Simpson H, Britton E, Biswas J, Wells M, Aplin JD, Ledger W. Why does
the fallopian tube fail in ectopic pregnancy? The role of activins, inducible nitric ox‐
ide synthase and MUC 1 in ectopic implantation. Fertil Steril 2012;97(5):1115-23.

[99] Liao SB, Li HW, Ho JC, Yeung WS, Ng EH, Cheung AN, Tang F, O WS. Possible role
of adrenomedullin in the pathogenesis of tubal ectopic pregnancy. J Clin Endocrinol
Metab 2012;97(6):2105-12.

[100] O WS, Li HW, Liao SB, Cheung AN, Ng EH, Yeung WS, Ho JC, Tang F. Decreases in
adrenomedullin expression and ciliary beat frequency in the nasal epithelium in tu‐
bal pregnancy. Fertil Steril. 2013;100(2):459-63.e1.

[101] Luisi S, Florio P, Reis FM, Petraglia F. Expression and secretion of activin A: Possible
physiological and clinical implications. Eur J Endocrinol. 2001;145:225–36.

[102] Jones RL, Salamonsen LA, Zhao YC, Ethier JF, Drummond AE, Findlay JK. Expres‐
sion of activin receptors, follistatin and betaglycan by human endometrial stromal
cells; consistent with a role for activins during decidualization. Mol Hum Reprod
2002; 8:363–374.

[103] Horne AW, van den Driesche S, King AE, Burgess S, Myers M, Ludlow H, Lourenco
P, Ghazal P, Williams AR, Critchley HO, Duncan WC. Endometrial inhibin/activin
beta-B subunit expression is related to decidualization and is reduced in tubal ectop‐
ic pregnancy. J Clin Endocrinol Metab. 2008;93(6):2375-82.

[104] Lavie O, Beller U, Neuman M, Ben-Chetrit A, Gottcshalk-Sabag S and Diamant Y.
Maternal serum CK: a possible predictor of tubal pregnancy. American Journal of
Obstetrics and Gynaecology 1993;169:1149-50.

[105] Birkhahn RH, Gaeta TJ, Leo PJ, Bove JJ. The utility of maternal creatine kinase in the
evaluation of ectopic pregnancy. Am J Emerg Med. 2000;18:695–7.

[106] Duncan WC, Sweeting VM, Cawood P, Illingworth PJ. Measurement of creatine kin‐
ase activity and diagnosis of ectopic pregnancy. Br J Obstet Gynaecol. 1995;102:233–7.

[107] Soundravally R, Krishna Latha T, Soundara Raghavan S, Ananthanarayanan PH, Sri‐
latha K. Diagnostic significance of total creatine kinase and its isoform in tubal ectop‐
ic pregnancy. J Obstet Gynaecol Res. 2013;39(12):1587-91.

[108] Korhonen J, Alfthan H, Stenman UH, Ylostalo P. Failure of creatine kinase to predict
ectopic pregnancy. Fertil Steril. 1996;65:922–4.

[109] Lincoln SR, Dockery JR, Long CA, Rock WA, Jr, Cowan BD. Maternal serum creatine
kinase does not predict tubal pregnancy. J Assist Reprod Genet. 1996;13:702–4.

[110] Plewa MC, Ledrick D, Buderer NF, King RW. Serum creatine kinase is an unreliable
predictor of ectopic pregnancy. Acad Emerg Med. 1998;5:300–3.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

73



[111] Qasim SM, Trias A, Sachdev R, Kemmann E. Evaluation of serum creatine kinase lev‐
els in ectopic pregnancy. Fertil Steril. 1996;65:443–5.

[112] Vandermolen DT, Borzelleca JF. Serum creatine kinase does not predict ectopic preg‐
nancy. Fertil Steril. 1996;65:916–21.

[113] Safdarian L, Aghahosseini M, Alleyassin A, Kohbodi M. Evaluation of Plasma Crea‐
tine Phosphokinase (CPK) Level Following a Single Injection of Methotrexate as a
Predicator of Treatment Success in Ectopic Pregnancy. J Family Reprod Health.
2013;7(4):151-5.

[114] Birkhahn RH, Gaeta TJ, Paraschiv D, Bove JJ, Suzuki T, Katoh H, Nagai R. Serum lev‐
els of myoglobin, creatine phosphokinase, and smooth muscle heavy-chain myosin
in patients with ectopic pregnancy. Ann Emerg Med. 2001; 38(6):628-32.

[115] Soriano D, Hugol D, Quang NT, Darai E. Serum concentrations of interleukin-2R
(IL-2R), IL-6, IL-8, and tumor necrosis factor alpha in patients with ectopic pregnan‐
cy. Fertil Steril. 2003; 79(4):975-80.

[116] Daponte A, Deligeoroglou E, Pournaras S, Hadjichristodoulou C, Garas A, Anasta‐
siadou F, Messinis IE. Interleukin-15 (IL-15) and anti-C1q antibodies as serum bio‐
markers for ectopic pregnancy and missed abortion. Clin Dev Immunol.
2013;2013:637513.

[117] Sadovsky Y, Pineda J, Collins JL. Serum CA-125 levels in women with ectopic and
intrauterine pregnancies. J Reprod Med. 1999; 36(12):875-8.

[118] Brumsted JR, Nakajima ST, Badger G, Riddick DH, Gibson M. Serum concentration
of CA-125 during the first trimester of normal and abnormal pregnancies. J Reprod
Med. 1990; 35(5):499-502.

[119] Condous G, Kirk E, Syed A, Van Calster B, Van Huffel S, Timmerman D, et al. Do
levels of serum cancer antigen 125 and creatine kinase predict the outcome in preg‐
nancies of unknown location? Hum Reprod. 2005;20:3348–54.

[120] Kuscu E, Vicdan K, Turhan NO, Oguz S, Zorlu G, Gokmen O. The hormonal profile
in ectopic pregnancies. Mater Med Pol. 1993;25:149–52.

[121] Schmidt T, Rein DT, Foth D, Eibach HW, Kurbacher CM, Mallmann P, et al. Prognos‐
tic value of repeated serum CA 125 measurements in first trimester pregnancy. Eur J
Obstet Gynecol Reprod Biol. 2001;97:168–73.

[122] Katsikis I, Rousso D, Farmakiotis D, Kourtis A, Diamanti-Kandarakis E, Panidis D.
Receiver operator characteristics and diagnostic value of progesterone and CA-125 in
the prediction of ectopic and abortive intrauterine gestations. Eur J Obstet Gynecol
Reprod Biol. 2006;125(2):226-32.

Contemporary Gynecologic Practice74



[111] Qasim SM, Trias A, Sachdev R, Kemmann E. Evaluation of serum creatine kinase lev‐
els in ectopic pregnancy. Fertil Steril. 1996;65:443–5.

[112] Vandermolen DT, Borzelleca JF. Serum creatine kinase does not predict ectopic preg‐
nancy. Fertil Steril. 1996;65:916–21.

[113] Safdarian L, Aghahosseini M, Alleyassin A, Kohbodi M. Evaluation of Plasma Crea‐
tine Phosphokinase (CPK) Level Following a Single Injection of Methotrexate as a
Predicator of Treatment Success in Ectopic Pregnancy. J Family Reprod Health.
2013;7(4):151-5.

[114] Birkhahn RH, Gaeta TJ, Paraschiv D, Bove JJ, Suzuki T, Katoh H, Nagai R. Serum lev‐
els of myoglobin, creatine phosphokinase, and smooth muscle heavy-chain myosin
in patients with ectopic pregnancy. Ann Emerg Med. 2001; 38(6):628-32.

[115] Soriano D, Hugol D, Quang NT, Darai E. Serum concentrations of interleukin-2R
(IL-2R), IL-6, IL-8, and tumor necrosis factor alpha in patients with ectopic pregnan‐
cy. Fertil Steril. 2003; 79(4):975-80.

[116] Daponte A, Deligeoroglou E, Pournaras S, Hadjichristodoulou C, Garas A, Anasta‐
siadou F, Messinis IE. Interleukin-15 (IL-15) and anti-C1q antibodies as serum bio‐
markers for ectopic pregnancy and missed abortion. Clin Dev Immunol.
2013;2013:637513.

[117] Sadovsky Y, Pineda J, Collins JL. Serum CA-125 levels in women with ectopic and
intrauterine pregnancies. J Reprod Med. 1999; 36(12):875-8.

[118] Brumsted JR, Nakajima ST, Badger G, Riddick DH, Gibson M. Serum concentration
of CA-125 during the first trimester of normal and abnormal pregnancies. J Reprod
Med. 1990; 35(5):499-502.

[119] Condous G, Kirk E, Syed A, Van Calster B, Van Huffel S, Timmerman D, et al. Do
levels of serum cancer antigen 125 and creatine kinase predict the outcome in preg‐
nancies of unknown location? Hum Reprod. 2005;20:3348–54.

[120] Kuscu E, Vicdan K, Turhan NO, Oguz S, Zorlu G, Gokmen O. The hormonal profile
in ectopic pregnancies. Mater Med Pol. 1993;25:149–52.

[121] Schmidt T, Rein DT, Foth D, Eibach HW, Kurbacher CM, Mallmann P, et al. Prognos‐
tic value of repeated serum CA 125 measurements in first trimester pregnancy. Eur J
Obstet Gynecol Reprod Biol. 2001;97:168–73.

[122] Katsikis I, Rousso D, Farmakiotis D, Kourtis A, Diamanti-Kandarakis E, Panidis D.
Receiver operator characteristics and diagnostic value of progesterone and CA-125 in
the prediction of ectopic and abortive intrauterine gestations. Eur J Obstet Gynecol
Reprod Biol. 2006;125(2):226-32.

Contemporary Gynecologic Practice74

[123] Girardi G, Prohászka Z, Bulla R, Tedesco F, Scherjon S. Complement activation in an‐
imal and human pregnancies as a model for immunological recognition. Mol Immu‐
nol. 2011; 48(14):1621-30.

[124] Agostinis C, Bulla R, Tripodo C, Gismondi A, Stabile H, Bossi F, Guarnotta C, Gar‐
landa C, De Seta F, Spessotto P, Santoni A, Ghebrehiwet B, Girardi G, Tedesco F. An
alternative role of C1q in cell migration and tissue remodeling: contribution to troph‐
oblast invasion and placental development. J Immunol. 2010; 185(7):4420-9.

[125] Echan LA, Tang HY, Ali-Khan N, Lee K, Speicher DW. Depletion of multiple high-
abundance proteins improves protein profiling capacities of human serum and plas‐
ma. Proteomics. 2005;5:3292–303.

[126] Boschetti E, Righetti PG. The ProteoMiner in the proteomic arena: a non-depleting
tool for discovering low-abundance species. J Proteomics. 2008;71:255–64.

[127] Gebeh AK, Willets JM, Marczylo EL, Taylor AH, Konje JC. Ectopic Pregnancy Is As‐
sociated with High Anandamide Levels and Aberrant Expression of FAAH and CB1
in Fallopian Tubes. J Clin Endocrinol Metab. 2012;97:2827–35.

[128] Horne AW, Phillips JA, 3rd, Kane N, Lourenco PC, McDonald SE, Williams AR, et al.
CB1 expression is attenuated in Fallopian tube and decidua of women with ectopic
pregnancy. PLoS One. 2008;3:e3969.

[129] Brown JK, Lauer KB, Ironmonger EL, Inglis NF, Bourne TH, Critchley HO, Horne
AW. Shotgun proteomics identifies serum fibronectin as a candidate diagnostic bio‐
marker for inclusion in future multiplex tests for ectopic pregnancy. PLoS One.
2013;8(6):e66974.

[130] Skubisz MM, Brown JK, Tong S, Kaitu'u-Lino T, Horne AW. Maternal Serum Macro‐
phage Inhibitory Cytokine-1 as a Biomarker for Ectopic Pregnancy in Women with a
Pregnancy of Unknown Location. PLoS One. 2013;8(6):e66339.

[131] Beer LA, Tang HY, Sriswasdi S, Barnhart KT, Speicher DW. Systematic discovery of
ectopic pregnancy serum biomarkers using 3-D protein profiling coupled with label-
free quantitation. J Proteome Res. 2011; 10(3):1126-38.

[132] Feng C, Chen ZY, Zhang J, Xu H, Zhang XM, Huang XF. Clinical utility of serum re‐
productive hormones for the early diagnosis of ectopic pregnancy in the first trimes‐
ter. J Obstet Gynaecol Res. 2013 ;39(2):528-35.

[133] Zou S, Li X, Feng Y, Sun S, Li J, Egecioglu E, Billig H, Shao R. Comparison of the di‐
agnostic values of circulating steroid hormones, VEGF-A, PIGF, and ADAM12 in
women with ectopic pregnancy. J Transl Med. 2013;11:44.

Biomarkers of Ectopic Pregnancy-Present and Future
http://dx.doi.org/10.5772/58954

75





Section 3

Endocrinal Problems





Chapter 4

Polycystic Ovary Syndrome

Fahimeh Ramezani Tehrani and
Samira Behboudi-Gandevani

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59591

1. Introduction

Polycystic ovary syndrome (PCOS) is a common endocrinophaty disorder that affecting
reproductive aged women [1]; it becomes frequently manifest during early reproductive age
[2]. It is a heterogeneous disorder, with multiple reproductive, cosmetic and metabolic
complexities which is characterized by dysfunction in ovulation and clinical or biochemical
hyperandrogenism and the presence of polycystic ovarian morphology. It is the most common
endocrine cause of infertility and increased the risk of adverse pregnancy outcome, metabolic
syndrome, type 2 diabetes mellitus, and some carcinoma [2-5]. However, there is not a
consensus on its definition [6]. At the first time, PCOS was described by Stein and Leventhal
in 1935 [6] as the presence of bilaterally enlarged ovaries with multiple cysts in seven women
with infertility, menstrual irregularity and hyperandrogenism [7]. The National Institutes of
Health (NIH) in 1990 introduced NIH standard criteria in PCOS for applying in researches
and clinics [3]. This definition relied on clinical or biochemical evidence of hyperandrogenae‐
mia (in the absence of adrenal hyperplasia and hyperprolactinemia and thyroid dysfunction)
in combination of oligomenorrhoea or amenorrhea. Therefore, PCOS was diagnosed in the
absence of an ultrasound appearance of polycystic ovaries morphology [8]. In 2003, a consen‐
sus workshop in Rotterdam in the Netherlands presented new diagnostic criteria [3]. Rotter‐
dam criteria describe PCOS as persistence of PCO and hyperandrogenism in women with
normal menstrual cycles and especially women presenting with PCO and ovulatory disturb‐
ance without hyperandrogenism [9].

In 2009, the Androgen Excess and PCOS Society (AE-PCOS Society) introduced criteria for
PCOS. Based on AE-PCOS Society criteria, PCOS should be define by the presence of hyper‐
androgenism (clinical and /or biochemical), ovarian dysfunction (ovulation disturbance and
or polycystic ovary morphology), and the exclusion of other androgen excess or related

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and eproduction in any medium, provided the original work is properly cited.



disorders [10]. These criteria reflected differences in defining PCOS which could affect
reporting, diagnosis and treatment of it.

1.1. Epidemiology

Despite PCOS being considered the most common endocrine disorder, the estimation of its
prevalence is highly variable, ranging from 2.2% to 26.7% [11-13], due to differences in the
presentation of PCOS phenotype methods [12]. In a study in Iran, a total of 646 reproductive-
age women were assessed by Rotterdam, Androgen Excess Society, and NIH criteria, the
prevalence of PCOS were 14.1%, 12%, and 4.8% respectively [14]. In a study from china, levels
of luteinizing hormone and higher luteinizing hormone/follicle-stimulating hormone ratios
were used for defining PCOS for 915 women in reproductive age, the results demonstrated 2.2
% prevalence [14]. In a study from china, levels of luteinizing hormone and higher luteinizing
hormone/follicle-stimulating hormone ratios were used for defining PCOS for 915 women in
reproductive age, the results demonstrated 2.2 % prevalence [11]. The prevalence based on
NIH criteria in an unselected population black and white women in the southeastern United
States were 3.4% and 4.7% respectively [15]. Using same criteria, the prevalence of PCOS was
almost 6.5% between Caucasian and Greek women [16, 17].

2. Pathogenesis

The pathogenesis of PCOS are not fully understood, it seems that there are many different
factors are associated with PCOS.

2.1. Gene’s role

Some studies suggest that genetic plays an important role in pathogenesis of PCOS. The high
prevalence of women with PCOS and the wide range of phenotypes can be explained by the
interaction of key genes with environmental factors [18, 19]. There are some evidences showed
that there are association between cytochrome P450 17-hydroxylase/17, 20-desmolase (CYP17)
and PCOS. Cytochrome P450 side-chain cleavage enzyme (CYP11A) is another candidate gene
that some studies find a role for it in PCOS. This gene encodes the cholesterol side-chain
cleavage enzyme. Mutation in cytochrome P450 21-hydroxylase (CYP21) gene has found to
have a role in PCOS in studies. This gene encodes 21-hydroxylase, which is responsible for
most cases of congenital adrenal hyperplasia (CAH) [20].

2.2. Obesity-insulin

Approximately 50% of women with PCOS are overweight or obese and most of them have the
android obesity. Obesity may play a pathogenetic role in the development of the PCOS in
women through disturbances in insulin and androgenesis.

Accumulation of adipose tissue mass around abdomen increases the availability of metabo‐
lites, which are able to affect the secretion, the metabolism, and peripheral action of insulin.
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Insulin, together with liver, adipose tissue and muscles, plays a role in the regulation of ovary.
At ovarian level, insulin stimulates ovarian steroidogenesis by interacting with insulin and
insulin growth factor type I receptors, in granulosa, thecal and stromal cells. Insulin increases
17-hydroxylase and 17-20 lyase activity and stimulates the expression of 3-hydroxysteroid
dehydrogenase in granulosa cells. In addition, insulin seems to increase the sensitivity of
pituitary cells to gonadotropin releasing hormone (GnRH) action and by increase the number
of the luteinizing hormone (LH) receptor, increase the ovarian steroidogenic response to
gonadotropins. Also, insulin is able to reduce sex hormone binding globulin (SHBG) synthesis
in liver and ovary. IGFBP-1 regulates ovarian growth and cyst formation and adrenal steroi‐
dogenesis [21].

2.3. IGFs

IGF-I and IGF-II may be involved in the pathogenesis of the hyperandrogenism in the women
with PCOS. IGFs are able to stimulate ovarian progesterone and estrogen secretion and
increase the aromatase activity. In normal weight PCOS women, IGF bioavailability seems to
be increased. But, in obese women with PCOS, IGF-1 bioavailability has been reduced. It could
be suggested that insulin resistance and hyperinsulinemia may play a central role in obese
PCOS patients; however disturbance of the IGF-IGFBP system may be important in normal-
weight PCOS women [21-23].

2.4. SHBG

Sex hormone binding globulin (SHBG) is a glycoprotein that regulate circulating concentra‐
tions of free sexual steroid hormones and their transport to target tissues [24]. The concentra‐
tions of SHBG are regulated by a number of factors such as cortisol, estrogens, iodothyronines
and growth factors, and decreased by androgens, insulin, prolactin and IGF-I [25]. SHBG
concentration reduced specially in women with PCOS influence by hyperinsulinemia.
Therefore, the free androgens increase at the level of peripheral tissues [21].

3. Androgens-estrogens-pituitary secretion

Hyperandrogenism play an important role in process of anovulation. In in-vitro study, the
ovarian theca cells could increase steroidogenic activity in women with PCOS. Androgens
levels originate from both ovarian and adrenal glands in PCOS. LH, ACTH, insulin and IGFs
regulate production of androgen by affecting P450c17 enzyme at ovarian theca-interstitial cells
and in the adrenal gland. Therefore, hyperactivity of the P450c17 enzyme represents the main
mechanism resulting to ovarian hyperandrogenism that manifest in the great majority of
women with PCOS. However, it is not cleared that hyperactivity of the P450c17 enzyme is a
primary event or secondary to peripheral or central factors [21, 26]. Insulin is involved in
hyperandrogenism from three ways. First, insulin in association with free IGF stimulates
ovarian androgenesis. Second, hyperinsulinemia lead to reduce production of SHBG from
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liver, as a result lead to increase in free androgen level. Third, insulin may affect ovarian follicle
maturation, lead to ateresia, and increase level of androgen [22].

Decrease in SHBG level affected the concentration of estron and free estradiol in women with
PCOS. Due to none fluctuated production of estrogen, pituitary receive both positive feedback
for LH secretion and negative feedback for secretion of FSH. As a result, the LH-FSH ratio
increases. LH has pulsatile pattern. In women with PCOS, the frequency of LH secretion is
increase. This change happens in response to receiving stmilution by GnRH and increase
bioavailabilty of LH. The high level of LH, lead to ovarian hyperplasia and production of
androgen from ovarian stromal and tecal cells. This condition fixes the chronic anovulation. It
is not clear that the impairment in hypothalamic-pituitary-ovarian axis leads to PCOS or this
disturbance happen as an outcome of PCOS [21, 22, 27-29].

4. Metabolic syndrome and polycystic ovary syndrome

The metabolic syndrome (MetS) is a cluster of cardiovascular risk factors, including impaired
fasting glucose, central obesity, dyslipidaemia and raised blood pressure [30]. Ever since the
metabolic syndrome was described by Reaven in 1988 [31], at least six diagnostic definitions
have been published by different organizations. In this respect, although there is a general
agreement regarding the main components of the MetS including abnormalities in glucose
metabolism (insulin resistance, hyperinsulinemia, glucose intolerance, diabetes mellitus),
central obesity, and cardiovascular risk factors (hypertension, increased triglyceride, de‐
creased HDL cholesterol), this variation requires different cut-off points and inclusion criteria
[30]. Table 1 shows most important definition of MetS according to World Health Organization
(WHO) [32], and International Diabetes Federation (IDF) [33] criteria.

It has been shown that the combination of different components of MetS may predict a higher
risk for cardiovascular than individuals and insulin resistance plays as a common link between
these coexisting abnormalities [34].

The MetS affects roughly 25% of adults over the age of 20 y and up to 45% over age 50 y [35-37].
Some studies reported that during the last decade, the prevalence of MetS has increased in the
general population, especially among young women [38]. However, this incremental trend
may be attributable not only to anthropometric differences between diverse ethnicity, but also
to differences in the criteria used for MetS diagnosis. Mechanisms underlying the metabolic
syndrome are not completely clear. There is no single etiology of the MetS. Hyperinsulinemia,
the most accepted and unifying hypothesis and a cornerstone of the syndrome [30],, results
from interplay between environmental and genetic factors. Excess caloric intake and lack of
physical exercise, combined with a predisposition to visceral adiposity, play a key role in the
development of a pro-inflammatory insulin-resistant state that generates the clinical features
of the MetS [37, 39]. However, the relationship between PCOS and MS is possibly mutual [34].
Majority of women with PCOS present clinically with at least one component of the metabolic
syndrome [40]. In this respect, the prevalence of MetS among PCOS women is 43%-53%;
approximately 2-fold higher that general women population [40]. However, the pathophysi‐
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ology that may link are not fully understood. Possible hypothesis regarding the association
include: (I) insulin resistance underlies the pathogenesis of both the metabolic syndrome and
PCOS; (II) obesity and related adipose tissue factors, independently of insulin resistance, are
the major pathogenic contributors to both conditions; and (III) vascular and coagulation
abnormalities are the primary pathogenic contributors to both conditions.

W
H

O

T2D or IFG or IGT or insulin resistance plus ≥ 2 of the following:
• BMI > 30 kg/m2 or WHR > 0.85
• HDL < 1.0 mmol/L (< 40 mg/dL)
• TG ≥ 1.7 mmol/L (150 mg/dL)
• BP ≥ 140/90 mmHg or use of blood pressure medication
• microalbuminuria > 20 pg/min
• Alb/Crea ratio ≥ 30 mg/g

rN
C

EP
 A

TP
 II

I

≥ 3 of the following:
• WC ≥ 88 cm
• HDL < 1.3 mmol/L (< 50 mg/dL), or on drug treatment for lipid abnormality
• TG ≥ 1.7 mmol/L (≥150 mg/dL), or on drug treatment for this lipid abnormality
• FBS ≥100 mg/dl (≥5.6mmol/L)
• systemic hypertension ≥ 135/85 mmHg or use of blood pressure medication

ID
F

Central obesity defined as WC above the ethnicity-specific cut-off plus ≥ 2 of the following:
• TG ≥ 1.7 mmol/L (150 mg/dL) or specific treatment
• HDL < 1.3 mmol/L (< 50 mg/dL) or specific treatment
• BP ≥ 135/85 mmHg or use of blood pressure medication
f• asting plasma glucose ≥ 5.6 mmol/L (100 mg/dL) or previously diagnosed T2D

Table 1. Definitions of MBS for women, according to WHO, NCEP ATP III and IDF criteria

Insulin  resistance  is  the  major  underlying  pathophysiologic  abnormality  linking  the
metabolic syndrome and PCOS. Indeed, the co-morbidities associated with insulin resist‐
ance are well-known to be common to both conditions [41, 42].  Nevertheless, it  is likely
that  a  combination of  various factors interacts  with or results  from insulin resistance to
manifest the metabolic abnormalities of the metabolic syndrome and PCOS. In addition,
genetic  susceptibilities  and genetic  polymorphisms or  mutations  likely  contribute  to  the
expression of these manifestations [43].

Although PCOS and MetS often coexist, several factors have been shown to predict the risk of
metabolic syndrome among women with PCOS. Among these factors fasting insulin, obesity
and family history of diabetes have the capacity for prediction of metabolic syndrome in
women with PCOS [44, 45].

It seems that it is reasonable to assess the components of MetS in women with PCOS; however
there is no consensus on the methods and interval of these assessments [43]. Assessments of
blood pressure, waist circumference and/ BMI, fasting lipid profile, Fasting glucose and
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glucose tolerance by a 2-hour oral glucose tolerance test have been suggested and aboratory
studies for cardiovascular risk markers such as C-reactive protein and homocysteine are
recommend [46, 47]. There were therapeutic overlap between PCOS and MetS. Weight loss with
life-style modification is the safest and cheapest therapy that has shown benefit both in MetS and
PCOS.

Reduction of insulin resistance is the primary goal for Weight loss in women with PCOS. Life-
style modification through increased physical activity and reduction in body weight, especially
waist circumference, represents the first-line therapy for MetS in PCOS. Successful mainte‐
nance of exercise and weight loss can lower blood pressure, central adiposity, and very low
density lipoprotein cholesterol while improving lipid profile and insulin sensitivity [21, 48].
Medical therapies for insulin resistance with pharmacological approaches like metformin improve
insulin sensitivity, glucose control and even reproductive abnormalities. Also metformin could
decreases weight and BMI, blood pressure and LDL cholesterol [49, 50].

However, evidence has demonstrated that a combination of metformin and lifestyle modifi‐
cation improves the metabolic profile in women with PCOS to a greater degree than either
measure alone [51].

5. Obesity and PCOS

The prevalence of obesity has increased worldwide in the last few decades [52]. Obesity
status is defined according to the body mass index (BMI=body weight in kilograms divided
by height in meters 2) of 30 kg/m2 or more. BMI of 25 to 29.9 kg/m2  is defined as ‘over‐
weight’,  while BMI of less than 25 kg/m2 is considered normal [53].  This had significant
impact on the development of chronic diseases such as the metabolic syndrome, coronary
heart  disease  and  type  2  diabetes.  Also,  central  obesity  can  be  diagnosed  clinically  by
measuring the waist circumference (WC) larger than 88 cm or waist-to-hip circumference
ratio  (WHR)  greater  than  0.85,  confer  high  risk  for  metabolic  complications  in  obese
individuals with BMI between 25.0 and 34.9 kg/m2.

However, obesity is a common finding in women with PCOS and between 40–80% of women
with this condition is reported to be overweight, obese or centrally obese depending on the
setting of the study and the ethnical background of the subjects [53-55]. Obesity has a worse
additive effect on features of PCOS such as insulin resistance, hyperandrogenism, infertility,
hirsutism and pregnancy complications [56].

The relationship between PCOS and obesity is complex, and most likely involves interaction
of genetic and environmental factors [57]. Obesity in PCOS is usually of the central variety. It
is shown that central obesity is associated with increased risk for diabetes, hyperlipidemia,
hypertension, atherosclerosis, and insulin resistance [58]. Fat localized in the upper body is
correlated with significantly reduced overall clearance of insulin, which contributes to
hyperinsulinemia [59]. The mechanisms underlying obesity causes insulin resistance are not
fully understood, the 2 main pathogenetic hypotheses that have been proposed focus on the
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roles of free fatty acids (FFAs) and tumor necrosis factor-α (TNF-α). FFAs, which are released
from adipose tissue triglycerides via lipolysis, as mediators of impaired insulin sensitivity,
elevate in PCOS patients. Increased FFA flux into the liver, irrespective of its source, decreases
hepatic insulin extraction, increases gluconeogenesis, and produces hyperinsulinemia [60].
Additionally, high circulating FFA concentrations lead to peripheral insulin resistance by
reducing glucose uptake by the skeletal muscle [61].

TNF-α is produced by adipose tissue has been increasing in hyperandrogenic PCOS women.
It leads to insulin resistance by stimulating the phosphorylation of serine residues of the insulin
receptor substrate-1. Consequently, tyrosine kinase activity of the insulin receptor β-subunit,
the rate-limiting component of the insulin receptor signaling cascade, is inhibited [62].

However, obese and non-obese PCOS patients may have differences in clinical manifestations.
The differences in biochemical and clinical features between obese and non-obese PCOS
patients allow determining, to some degree, the contributions of obesity to the clinical
manifestations of PCOS. Differences in menstrual function have been reported, with obese
patients exhibiting a greater prevalence of oligoamenorrhea and anovulation than non-obese
women, And the prevalence of infertility has been increasing in obese PCOS patient [63]. Also,
it is known that obesity has a direct relationship with the degree of hirsutism in PCOS patients.
Obese women with PCOS had a greater prevalence of hirsutism, acanthosis nigricans, than
non-obese patients, reflecting a higher prevalence and magnitude of insulin resistance and
hyperinsulinemia among obese PCOS patients [64]. Impaired glucose tolerance, type 2
diabetes mellitus and the dyslipidemia has highest risk in obese PCOS patients. Overall, given
the prevalence of risk factors for atherosclerosis in women with PCOS, a higher prevalence of
cardiovascular events in these patients can be expected [65]. In addition, obese PCOS patients
have higher prevalence of endometrial carcinoma than non-obese PCOS women. Anovulation,
unopposed estrogen stimulation, and hyperinsulinemia may play a role in the increased risk
of this gynecologic carcinoma in PCOS patients [66]. Also, it is reported that obstructive sleep
apnea, pregnancy complications such as preeclampsia, gestational induced hypertension and
gestational diabetes are more prevalent in obese PCOS patient [67, 68].

However, the impact of obesity on PCOS therapy is very important. Therapeutic modalities
directed at the reduction of hyperinsulinemia (weight loss or insulin-sensitizing agents) appear
to ameliorate symptoms of PCOS and restore normal ovarian function in obese women with
PCOS.

Weight loss, especially more than 5% of the baseline weight, is the first-line therapy in treatment
of these women. It leads to hormonal, menstrual, and metabolic improvement with increased
serum concentrations of SHBG and reduced serum concentrations of free testosterone in obese
women with PCOS. The mechanism by which weight loss leads to a reduction of hyperan‐
drogenism appears to involve improved insulin sensitivity with a resultant decline in circu‐
lating insulin levels [69]. Metformin can be suggested as a second-line treatment for most obese
women with PCOS [70].
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6. Poly cystic ovarian syndrome and cancers

Since 1940s, there is emerging evidence of increased risk of gynecological cancer including
endometrial, breast and ovary cancer among women with PCOS [71, 72]. Any association with
malignant disease would be highly important from a public health perspective in view of the
high prevalence of PCOS. The lack of appropriate recognition of risks takes these patients at
highest risk of delayed diagnosis of pre-malignant or malignant disease [70]. At a cellular level
there are numerous potential mechanisms which could promote neoplastic disease in women
with PCOS, including the prolonged anovulatory state and associated hyperandrogenism with
unopposed estrogen action [73]. These could increase the risk of cancer through the effect of
these hormones on various tissue and organs [74].

6.1. Endometrial carcinoma and PCOS

Endometrial carcinoma (EC) is the second most frequent gynecological malignancy among
women [74]. The number of reported cases of EC makes it the leading cause of cancer-related
deaths across the globe [75]. Major EC-related symptoms include dysfunctional uterine
bleeding, hyper-menorrhea, irregular menstruation, and sterility. The two main types of EC
are estrogen-dependent type I (the most prevalent type) and estrogen-independent type II
carcinomas. Among numerous risk factors, PCOS is commonly considered to be a significant
and causative risk factor for the development and progression of type I EC [76]. The prevalence
of endometrial hyperplasia with and without atypia in women with PCOS varies from 1 to
48.8% [77]. The prevalence of EC is three times higher among women with PCOS than among
women without PCOS [71]. The mechanisms underlying EC and PCOS are also unclear, but
it is widely assumed that chronic anovulation, which results in continuous estrogen stimula‐
tion of the endometrium unopposed by progesterone, is a major factor. Obesity, hyperinsuli‐
nemia, and hyperandrogenism state in PCOS, results in increased bioavailability of unopposed
estrogens by progesterone due to the increased peripheral conversion of endogenous andro‐
gens such as testosterone and androstenedione into estrogen. Also, Insulin up-regulates
aromatase activity in endometrial glands and stroma, endogenous estrogen production is
enhanced in women with high circulating insulin. Estrogens act as proliferative factors in the
endometrial tissue. Continuous exposure of the endometrium to estrogens with persistent
progesterone deficiency, lead to endometrial overgrowth and hyperplasia or cancer [78]. The
exact molecular mechanisms linking hyperinsulinaemia as found in PCOS and EC are
uncertain. It is however thought that it may be modulated by a direct effect of insulin and IGF
on endometrial cells or alterations in the P13K-mTOR-AKT signaling pathway with the loss
of PTEN expression which have mitogenic effect on endometrial cells [79] and activation of
insulin/IGF-1 signaling through overexpression of INSR and/or IGF-1R.

Overlay, the evidences suggest that interplay between hyperinsulinaemia and estrogen may
mediate the mitogenic effect of the hyperinsulinaemia in PCOS.

Other potential risk factors for EC such as androgens and LH are also present in PCOS. Hyper-
secretion of luteinising hormone, a feature of PCOS, has also been implicated in the develop‐
ment of endometrial cancer in women with PCOS. Receptors for luteinising hormone and
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human chorionic gonadotropin are over expressed at both mRNA and protein levels in
endometrial adenocarcinomas. Over expression of receptors for both these hormones in
endometrial hyperplasia (with stronger staining in complex or atypical hyperplasia), and
endometrial carcinoma were detected [80]. Insulin levels reduce the amount of IGFBP which
in turn increases the amount of circulating IGF. IGF has been shown to induce LH receptors
increasing LH levels, again suggesting an interaction between insulin resistance, LH and EC
[81]. It should be noted that the triad of obesity, insulin resistance and diabetes in metabolic
syndrome carried significant risks of EC [82]. However, the evidence for impact of PCOS on
prognosis of endometrial carcinoma is incomplete and contradictory. Jafari et al. suggested
that the presence of PCOS was associated with a favorable prognosis [83]. Insulin has also been
found to accelerate the proliferation of cancer cell in the endometrium in an in-vitro study [82],
and the concentration of IGF-1 was correlated well to the malignant cells differentiation [79],
but, There is not enough knowledge supporting that mortality from endometrial cancer is
differ in women with the syndrome.

However, it has been clearly shown in both animal and human studies that metformin is
valuable insulin sensitizer agent in reversing endometrial hyperplasia. Metformin has exerted
a chemo-protective and anti-proliferative effect on EC. It does this by a reduction in cell growth,
which is modulated partly via insulin and non-insulin relevant path-ways. In the context of
the links between EC and hyperproloferation of endometrium in PCOS, Metformin may
therefore prevent EC in PCOS or treatment of EC.

6.2. Ovarian carcinoma and PCOS

Ovarian cancer accounts for 5% of all cancers among women and is the fourth most common
cause of cancer deaths in developed countries, causing more deaths than any other female
genital tract cancer [84]. Ovarian cancer typically presents late, with symptoms such as pelvic
pain, abnormal vaginal bleeding, or involuntary weight loss, and has an overall 5-year survival
of 30% after diagnosis. However, if detected early, at stage I, the 5-year survival is as high as
90%. It is, therefore, imperative that high-risk groups are identified so that appropriate
screening is undertaken to detect early ovarian malignancy [85].

The majority of malignant ovarian tumors including epithelial malignancies appear to have
steroid receptors for estrogen, progesterone and androgen. Cytokines may also play a role in
malignant transformation. The various interactions of altered local ovarian factors and
environmental factors have been associated with OC, as many of these factors are altered in
PCOS.

Epidemiology studies showed that women with PCOS had a 2.5-fold increased risk of
developing ovarian cancer, with a 95% confidence interval of 1.1–5.9 [86]. Also, clomiphene
citrate and gonadotropin therapy or ovulation induction was found to increase the relative
risk of ovarian tumors in women with PCOS around 4.1 [87]. The pathophysiological mecha‐
nisms that may be involved in ovarian oncogenesis in women with PCOS are not completely
understood. Perhaps the high local steroid and growth factor concentrations that are frequent‐
ly observed in women with PCOS may be implicated [88]. In addition, ovulation inducing
drugs potentially which are used for infertility treatment, may have effect on ovarian cancer
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[89]. Some researchers suggest that oral contraceptive use in some anovulatory women with
PCOS may protect against ovarian cancer through gonadotropin suppression rather than the
prevention of ‘‘incessant ovulation’’, with its putative dangers of inclusion cyst formation,
epithelial proliferation, genetic damage and ovarian carcinogenesis [89].

6.3. Breast cancer and PCOS

Obesity, hyperandrogenism and infertility occur frequently in PCOS, and are feature known
to be associated with the development of breast carcinoma [89]. In this respect, meta analysis
about the association between PCOS and breast cancer showed that the risk of breast cancer
was not significantly increased overall [90]. However, some studies showed that women with
PCOS independently of age, age at menarche or menopause, parity, using oral contraceptive
pill, BMI and family history of breast cancer, have 1.8 times as likely to report benign breast
disease [91]. In this regard there is a need for more research.

7. Polycystic ovary syndrome and pregnancy

Normal pregnancy is characterized by induction of insulin resistance associated with com‐
pensatory hyperinsulinemia in second and third trimesters [49]. This insulin resistance of
normal pregnancy is a physiologically advantageous adaptation designed to restrict maternal
glucose uptake and to ensure shunting of nutrients to the growing fetus. It is probably
mediated by increases in hormonal levels of estradiol, progesterone, prolactin, cortisol, human
chorionic gonadotropin, placental growth hormone (PGH), and human placental lactogen
(HPL) [33]. HPL and PGH are the hormones mainly responsible for insulin resistance in
pregnancy. HPL is responsible for adaptive increase in insulin secretion necessary for preg‐
nancy and for diversion of maternal carbohydrate metabolism to fat metabolism in the third
trimester. PGH seems to be a paracrine growth factor probably regulating the metabolic and
growth needs of the fetus partially [92]. There is approximately 200 to 250% increase in insulin
secretion in lean women with normal glucose tolerance with advancing gestation [93].
However, there is comparatively less robust increase in insulin levels of obese women with
normal glucose tolerance.

As we state before, hyperandrogenism and insulin resistance are the metabolic hallmark of
PCOS women. In these patients, the baseline insulin resistance seems to be exacerbated with
entry into pregnancy. There is an increased risk of pregnancy complications in PCOS women
[94]. Nowadays a growing body of evidence points to a high prevalence of pregnancy
complications in PCOS women. PCOS was strongly associated increased risk of early preg‐
nancy loss, gestational diabetes (GDM), pregnancy-induced hypertension, preeclampsia,
preterm birth, small for gestational age, large for gestational age, caesarean section, operative
vaginal delivery, neonatal meconium aspiration and having a low Apgar score (<7) at five
minutes and admission to an NICU [95-98].
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It should be noted that there were the close link between PCOS and obesity and the association
of obesity with poor pregnancy outcome, so, it might be possible that possible confounding
effect of BMI play a role in adverse effect of PCOS on pregnancies.

7.1. PCOS and abortion

Abortion is the spontaneous loss of a fetus before the 20th week of pregnancy. Women with
PCOS most probably have an increased risk of spontaneous Abortion [95]. It occurs in 30 to
50% of PCOS women compared with 10 to 15% of normal women [99]. Several mechanisms
underlying the increased risk of abortion in women with PCOS have been proposed. Treatment
with ovulation-inducing agents is associated with a higher incidence of abortion in PCOS
women [95]. Obesity has been conclusively associated with an increased prevalence of
miscarriage and obesity is obviously more common in PCOS patients than in the normal
population. Also, elevated LH levels in women with PCOS and hyperandrogenemia play
important role in increased risk of abortion. High androgen levels antagonize estrogen, which
may adversely affect endometrial development and implantation [100]. Researchers showed
that sex steroids regulate uterine receptivity for embryo implantation by controlling the
expression of HOXA10 gene, which is spatially and temporally regulated during embryonic
development. Elevated testosterone in PCOS down-regulates the expression of HOXA10 gene,
thereby decreasing the uterine receptivity and implantation [100]. In addition high plasmino‐
gen activator inhibitor-1(PAI-1) activity which has been found to be associated with unex‐
plained recurrent abortion, is significantly higher in women with PCOS, possibly due to
impaired fibrinolysis, which results in placental insufficiency through increased thrombosis
of the placental bed [101]. It is suggested that metformin therapies before and throughout
pregnancy, could decrease the risk of early abortion, but more studies are needed [102].

7.2. PCOS and gestational diabetes mellitus

Gestational diabetes mellitus (GDM), defined as carbohydrate intolerance at onset of preg‐
nancy (or first recognition), affects 4–7% of pregnancies overall [103]. There are 2.4-fold
increased risks of GDM among PCOS women, independent of age, race/ethnicity, and multiple
gestations. It means that GDM complicates 40 to 50% of PCOS pregnancies. The increased odds
of GDM among women with PCOS symptoms are consistent with the overlap of metabolic
perturbation and reproductive abnormalities and the possibility that some women actually
had PCOS. It intervenes in pregnancy when pancreatic β cells cannot overcome the superim‐
posed insulin resistance of pregnancy on intrinsic insulin resistance of PCOS women. It is too
suggested that metformin may decrease of GDM among GDM, but recent meta-analysis,
strictly, showed that metformin did not significantly effect on GDM with PCOS, though more
multi-centers RCTs still need to be investigated [104].

7.3. PCOS and hypertensive disorders in pregnancy

Hypertensive disorders of pregnancy include: i. new onset of hypertension during pregnancy
(or gestational hypertension which is defined as new-onset hypertension in pregnancy after
20 weeks of gestation), ii. Preeclampsia (defined as defined as gestational hypertension with
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proteinuria due to endothelial dysfunction and damage), iii. Pre-existing hypertension, and
iv. exacerbation of pre-existing hypertension. The etiology of hypertensive pregnancy is
uncertain and includes immune, genetic, and placental abnormalities. Three main hypotheses
have been proposed regarding the metabolic alterations involved in the etiology of hyperten‐
sive disorders in pregnancy, namely endothelial dysfunction and activation, oxidative stress
and insulin resistance [105]. Hypertensive disorders occurs in 8% of PCOS pregnancies [106].
Increased levels of androgens in PCOS have been associated with the development of pree‐
clampsia [107]. Various studies have documented hyperinsulinemia and/ or hyperglycemia in
early or mid pregnancy, before the development of preeclampsia, gestational hypertension, or
both [108]. Hyperinsulinemia may directly predispose to hypertension by increased renal
sodium re-absorption and stimulation of the sympathetic nervous system. Insulin resistance
and/or associated hyperglycemia may impair endothelial function.

Two other factors, obesity and physical inactivity, are closely associated with insulin resist‐
ance, and are predictive of hypertensive pregnancy. A higher body mass index before
pregnancy or early in pregnancy is associated with increased risk for both gestational hyper‐
tension and preeclampsia. Furthermore, it has been suggested that gestational diabetes, which
itself is associated with underlying insulin resistance, is a risk factor for the development of
hypertensive pregnancy. This association persists even after adjusting for obesity and maternal
age. Also, a higher prevalence of preeclampsia and gestational diabetes may account for
increased fetal stress leading to preterm birth, low Apgar scores at five minutes, and meconium
aspiration.

7.4. PCOS and preterm birth

There was evidence of a significant positive association between PCOS and preterm births
(<37weeks) [109]. It complicates 6 to 15% of pregnancies of PCOS women [110]. Although
preterm birth may be higher in this group of women, PCOS by itself may not be an independent
risk factor. Patients who have received ovulation induction agents are more likely to be at
higher risk of preterm births, because these medications, together with the increased chance
of multiple pregnancies related to them, will increase the risk of preterm birth or delivery [111].
Preeclampsia itself is a risk factor for preterm deliveries. Also, Obstetric intervention may be
responsible for iatrogenic prematurity [110].

7.5. PCOS and Small for Gestational Age (SGA) and Large for Gestational Age (LGA)

There is still some controversy as to whether women diagnosed as having PCOS were more
likely to have been born small for SGA and LGA, and whether theses baby is more prone to
develop the symptoms of PCOS later in life. Whereas the probable association of higher
maternal body weight, increased weight gain during pregnancy, and increased prevalence of
gestational diabetes in women with PCOS would be expected to produce birth weights higher
than the mean. Also, the prevalence of SGA offspring seems to be increased in women with
PCOS. Insulin resistance resulting in impaired insulin-mediated growth and the fetal pro‐
gramming hypothesis are the possible explanations for this higher prevalence of SGA infants
in mothers with PCOS [33].

Contemporary Gynecologic Practice90



proteinuria due to endothelial dysfunction and damage), iii. Pre-existing hypertension, and
iv. exacerbation of pre-existing hypertension. The etiology of hypertensive pregnancy is
uncertain and includes immune, genetic, and placental abnormalities. Three main hypotheses
have been proposed regarding the metabolic alterations involved in the etiology of hyperten‐
sive disorders in pregnancy, namely endothelial dysfunction and activation, oxidative stress
and insulin resistance [105]. Hypertensive disorders occurs in 8% of PCOS pregnancies [106].
Increased levels of androgens in PCOS have been associated with the development of pree‐
clampsia [107]. Various studies have documented hyperinsulinemia and/ or hyperglycemia in
early or mid pregnancy, before the development of preeclampsia, gestational hypertension, or
both [108]. Hyperinsulinemia may directly predispose to hypertension by increased renal
sodium re-absorption and stimulation of the sympathetic nervous system. Insulin resistance
and/or associated hyperglycemia may impair endothelial function.

Two other factors, obesity and physical inactivity, are closely associated with insulin resist‐
ance, and are predictive of hypertensive pregnancy. A higher body mass index before
pregnancy or early in pregnancy is associated with increased risk for both gestational hyper‐
tension and preeclampsia. Furthermore, it has been suggested that gestational diabetes, which
itself is associated with underlying insulin resistance, is a risk factor for the development of
hypertensive pregnancy. This association persists even after adjusting for obesity and maternal
age. Also, a higher prevalence of preeclampsia and gestational diabetes may account for
increased fetal stress leading to preterm birth, low Apgar scores at five minutes, and meconium
aspiration.

7.4. PCOS and preterm birth

There was evidence of a significant positive association between PCOS and preterm births
(<37weeks) [109]. It complicates 6 to 15% of pregnancies of PCOS women [110]. Although
preterm birth may be higher in this group of women, PCOS by itself may not be an independent
risk factor. Patients who have received ovulation induction agents are more likely to be at
higher risk of preterm births, because these medications, together with the increased chance
of multiple pregnancies related to them, will increase the risk of preterm birth or delivery [111].
Preeclampsia itself is a risk factor for preterm deliveries. Also, Obstetric intervention may be
responsible for iatrogenic prematurity [110].

7.5. PCOS and Small for Gestational Age (SGA) and Large for Gestational Age (LGA)

There is still some controversy as to whether women diagnosed as having PCOS were more
likely to have been born small for SGA and LGA, and whether theses baby is more prone to
develop the symptoms of PCOS later in life. Whereas the probable association of higher
maternal body weight, increased weight gain during pregnancy, and increased prevalence of
gestational diabetes in women with PCOS would be expected to produce birth weights higher
than the mean. Also, the prevalence of SGA offspring seems to be increased in women with
PCOS. Insulin resistance resulting in impaired insulin-mediated growth and the fetal pro‐
gramming hypothesis are the possible explanations for this higher prevalence of SGA infants
in mothers with PCOS [33].

Contemporary Gynecologic Practice90

8. Management of women with PCOS

The medical management of PCOS can be broken down into four components, three of which
are “acute” issues (control of irregular menses, treatment of hirsutism and management of
infertility) and one that is more “chronic.” This latter issue may be the most important but least
remembered by patients and providers alike–management of the IR syndrome. “Acute” issues
that need management may change; however, a continuous life-long management approach
is important for the IR of PCOS.

8.1. Weight reduction

As mentioned above the central obesity related to PCOS hyperandrogenism and anovulation.
Also, obesity reduces the treatment effect in women with PCOS [112]. Weight lose can modified
the hormonal profile, and androgen level therefore has good effect on ovulation and treatment
of infertility. It is showed that 5 % weight reduction can modify menstruation cycle and
ovulation. However, weight reduction is effective for women, who are overweight, a BMI 25-27
kg/m2. It includes change in life style with diet, exercise and surgery. Low carbohydrate and
fat diets is recommended for obese PCOS women. Bariatric surgery may be recommended for
morbidly obese women [112].

8.2. Induction ovulation

In PCOS, patient complaints of menstrual disturbance, that often related to chronic anovula‐
tion. It can increase risk of endometrial hyerplegisa and carcinoma. Therefore, this complica‐
tion needs treatment. Low FSH concentration, high LH, androgen and insulin have roles in
anovulation. Medications and another option apply for correct these underlying disturbance
[112]. Treatments options are explained further in the following sections.

8.3. Clomiphene citrate

The first line medication for treatment of anovulation is clomiphene citrate (CC). CC is a
nonsteroidal triphenylethylene with both estrogenic agonist and antagonist properties. CC
bind  to  estrogen  receptors  by  structural  similarity  with  it.  Improvement  in  ovulation
happens  with  the  CC effect  at  hypothalamic  level.  Reduction  of  hypothalamic  estrogen
receptor leads to mis interpretation of blood level estrogen. Therefore, estrogen feedback
reduces  and pulsatile  GnRH secretion modify.  As a  result,  FSH and LH secretion from
pituitary normalized, in turn, improve follicular activity in ovarian. CC is administered for
5 days with doses of 50–150 mg, starting on days third or fifth days of mensural cycle or
a  progestin-induced  menss.  Most  pregnancies  occurred  within  the  first  six  cycles  with
ovulation following the application of 50 mg CC. Higher doses may be required in patients
with greater BMI. The rates of multiple pregnancies are under 10%, and ovaraian hyper
stimulation syndrome is rare [112].
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8.4. Metformin

Metformin is a biguanide, insulin-lowering effects, which are used for treatment of type 2
diabetes mellitus. Metformin has several benefits to manage PCOS complication. It improves
ovulation, menstrual irregularity and reduces concentration of androgen. Also metformin help
to weight reduction. Metformin has more effect in obese PCOS women [115]. Serious side
effects of metformin are rare. Hypoglycemia is a rare side effect. For reducing common
complication with metformin, it is start at 500 mg daily after food. The week after increase to
achieved 1000 mg daily. After one week, the dose is increase to 1500 mg daily. The target is
1500–2550 mg/day. Usually, treatment effect appears at 1000 mg/day [113].

8.5. Aromatase inhibitors

The third generation aromatase inhibitors available include anastrozole and letrozole. They
block production of estrogen from ovarian, conversion of androgen in referral fat cells, and
suppress locally estrogen produced in brain. Therefore, this condition acts as positive feedback
for hypothalamous to secrete GnRH, in turn, increase gonadotropin secretion. Also, reduction
in estrogen concentration leads to increase activin that is a positive stimulation for FSH
secretion. This positive feedback helps to growth of ovarian follicles. Usually Letrozole is used
as anaromatase inhibitor for ovulation induction in women with PCOS. The administration
dose is between 2.5–7.5 mg daily for 5 days starting on third day of the menstrual cycle. The
main advantage of letrozole is antiestrogenic effect on endometrium, despite of stimulating
follicle growth [113].

8.6. Gonadotropins

After resistance to CC, gonadotropins are another option for induction ovulation. Gonado‐
tropins induce ovulation, and help to achieve a capable follicle for fertilization. The serious
side effect of gonadotropins is ovarian hyperstimulation syndrome (OHSS) that result from
simultaneous growth of multiple follicles. Several treatment protocols have been developed,
one of the low-dose gonadotropin protocols regimen starts with a 37.5–50 IU/day, which
increases, if confirm the lack of follicle response. Control is made by ultrasound. HCG is act
as LH surge; leading to maturation of the oocyte, rupture of the follicle, and formation of the
corpus luteum [112].

8.7. Laparoscopic ovarian diathermy

In  clomiphene  resistant  condition,  and  when  gonadotropin  is  not  useful,  laparoscopic
ovarian  diathermy  is  an  acceptable  treatment.  The  mechanism  of  action  of  ovarian
diathermy  is  correction  of  hypersecretion  of  LH  via  modification  in  ovarian  pituitary
feedback. To assess the efficacy of unilateral laparoscopic ovarian diathermy in the induction
of ovulation, researchers find unilateral ovarian diathermy resulted in ovulation from both
ovaries [112, 113].
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8.8. Treatment of menstrual dysfunction

In patient complaints of menstrual irregularity, often there is chronic anovulation that
associated with risk of endometrial hyperplasia and carcinoma. Thus, treatment of menstrual
dysfunction is important. Endometrial biopsy is recommended for PCOS women, who have
not menstrual bleeding for a long time (m0re than 6 months). In women, who does not intent
to be pregnant, oral contraceptive pills (OCPs) or cyclic progestin are recommended. OCPs
increase production of SHBG at liver, thus reduce androgen concentration, and improved LH
secretion. It is important to consider the androgenic effect of progestin component of OCPs.
New OCPs have less androgenic effects [112].

8.9. Treatment of androgen-related symptoms

Hirsutism, acne, alopecia are the androgen-related symptoms that appeared in patients with
PCOS. Antiandrogens such as spironolactone, cyproterone acetate (CPA), or flutamide act by
competitive inhibition of androgen-binding receptors or by decreasing androgen production.

Spironolactone is a specific antagonist of aldosterone, acting through blocks androgen
receptors. Its treatment effect is dosage-dependent: low dosages are less effective than other
antiandrogens, whereas high dosages (200 mg/day) are very effective but have several adverse
effects such as dysfunctional uterine bleeding but the concurrent use of OCPs may prevent
from it. Spironolactone have feminizing effect on male fetus, therefore concomitant use of
OCPs with spironolactone is useful for sexually active women [112]. Cyproterone acetate
(CPA) is a progestin agent. This drug inhibits gonadotropin secretion and suppresses androgen
action. CPA is recommended in 50-100mg (high dose) for ten days of cycle with 20-50 µg
Ethinyl Estradiol. CPA is effective for management of hirsutism and acne. It may leads to
nausea, headaches, and breast tenderness, reduce libido, and weight gain. CPA rarely appears
hepatotoxicity effects. This drug has feminizing effect such as Spironolactone. Finasteride
restrain 5α-reductase and inhibit androgen production, therefore, it is useful for management
of hirsitism. In a study that patients treated with finasteride, reduction in hirsutism occurred
after 6 months. Concomitant use of OCPs with 5 mg Finasteride was shown to be more effective
than OCPs alone. It has feminizing effect, thus risks and benefits of treatment must be carefully
considered and discussed with the patient. In conclusion, at least 6 months is required to see
benefit from medication and prolong treatment is often necessary for maintain benefit.
Pregnancy must be avoided during treatment with all antiandrogens [112, 113].
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Chapter 5

Treatment of Congenital Adrenal Hyperplasia by
Reducing Insulin Resistance and Cysticercosis Induced
Polycystic Ovarian Syndrome

Alan Sacerdote and Gül Bahtiyar

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/58953

1. Introduction

Among the most common causes of female infertility, anovulation, menstrual irregularity,
hirsutism, acne, and alopecia are congenital adrenal hyperplasia (CAH) and polycystic ovarian
syndrome (PCOS). These two conditions resemble one another quite a bit, especially the non-
classic forms of CAH (NCAH). Another common cause of such problems is hyperprolactine‐
mia, which results in increased androgen synthesis by both the ovaries and the adrenal cortex,
while suppressing gonadotrophin-releasing hormone, gonadotrophin, and estrogen synthesis.
Hyperprolactinemia, in turn, may be caused by primary hypothyroidism, prolactinomas, stalk
effects of other pituitary and hypothalamic neoplasia, as well as a host of prescription and
recreational drugs; it may also be idiopathic. Other, less frequently encountered causes of these
problems include Cushing’s syndrome and virilizing tumors (ovarian, adrenal, or ectopic). A
growing worldwide problem in this sphere is androgen doping to improve athletic perform‐
ance.

Additional causes of menstrual irregularity include uterine leiomyomata, puberty, peri-
menopause, chronic illnesses eg. poorly controlled diabetes mellitus and sickle cell disease,
elite athletics and dancing, eating disorders, endometriosis, and Asherman’s syndrome.

Infertility may also be caused by stress, tubal factors, Asherman’s syndrome, immune response
to spermatozoa, luteal phase inadequacy, and male factors.

In this chapter we shall focus on 3 novel concepts:

• The treatment of the congenital adrenal hyperplasias and the acquired/unmasked adrenal
hyperplasias by interventions which reduce insulin resistance.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



• The induction of PCOS and enhanced 1-α-hydroxylation of 25-OH-vitamin D by parasite
endocrine disruption.

• The amelioration of the latter by alteration of the hormonal milieu.

2. Insulin resistance in CAH

2.1. Recognition of insulin resistance in CAH

The first report of insulin resistance in CAH was published by Speiser et al. in female patients
with non-classic 21-hydroxylase deficiency [1].

In 1994 Andersson et al. reported that women with type 2 Diabetes Mellitus (T2DM), the
archetypal insulin-resistant condition, had higher mean free testosterone levels, higher waist/
hip ratios, lower sex hormone-binding globulin (SHBG) levels, and higher plasma insulin
levels than gender/BMI matched controls [2]. In commenting on the report of Andersson et al.,
Sacerdote reported a sample of 57 consecutive male and female T2DMs, all of whom had
adrenal hyperandrogenism [3].

In 2005 Saygili et al. reported that women with non-classic 21-hydroxylase deficiency were
both insulin and leptin resistant compared BMI-matched controls [4].

Several groups have reported insulin resistance as a common feature of both classic 21-
hydroxylase deficiency and classic 11-hydroxylase activity [5-14]. Importantly, in most of these
studies, the insulin resistance was independent of the corticosteroid dosage, suggesting that
it is intrinsic to CAH, rather than a result of exogenous corticosteroid. Glucocorticoid receptor
polymorphism (BcII GR variant) may contribute to the insulin resistance as reported by
Moreira et al [14].

In 2006 we reported additional endocrine disrupter effects of two classes of drugs used in anti-
retroviral therapy that were already known to cause insulin resistance, protease inhibitors and
nucleoside analogues-the induction/unmasking of adrenal hyperplasia [15].

Despite the slowly growing recognition that insulin resistance is an intrinsic feature of both
CAH and acquired/unmasked CAH, just at is in PCOS, the medical community has been
very  slow  in  exploring  treatment  approaches  based  on  improving  insulin  sensitivity
analogous to the treatment approaches now used so successfully in PCOS. This is despite
the widely recognized limitations of mainstream corticosteroid replacement therapy, which,
as  excellent  as  it  is,  often cannot  normalize  androgen levels  without  producing adverse
effects  of  glucocorticoid excess,  such as decreased bone mineral  density,  hyperglycemia,
soft-tissue changes, and affective changes. The respective advantages and disadvantages of
corticosteroid replacement therapy, including the latest advances are discussed extensive‐
ly in our earlier chapter [16].
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2.2. Treating CAH by reducing insulin resistance

In 2000 we reported the first series of patients with T2DM/pre-diabetes and non-classic CAH
(NCAH) in whom the biochemical and clinical features of NCAH were ameliorated by
treatment with metformin and/or troglitazone [17], from 2 different classes of insulin sensi‐
tizers, biguanides and thiazolidinediones.

In 2003 we reported that the biochemical/phenotypic expression of NCAH, including 21-
hydroxylase deficiency, 3-β-ol dehydrogenase deficiency, 11-hydroxylase deficiency, and
aldosterone synthase deficiency could be ameliorated with the thiazolidinedione insulin
sensitizer, rosiglitazone [18]. An example of this is shown in Figure 1. Of note, in this patient,
the observed sharp drop in serum 17-OH-progesterone occurred within 24 hours of initiating
rosiglitazone, consistent with an effect on DNA transcription/ mRNA translation.
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Figure 1. Response of a 43 year old male’s 17-OH-Progesterone (ng/dl) to rosiglitazone 4mg bid.

In 2004 we reported that the biochemical/phenotypic expression of NCAH is ameliorated
by pioglitazone [19].  An example of  the combined effect  of  metformin and pioglitazone
compared with standard glucocorticoid/mineralocorticoid replacement therapy in a patient
with non-classical 21-hydroxylase deficiency is shown in Figure 2. Note that the response
of  the  patient’s  serum  17-OH-progesterone  to  the  insulin  sensitizers,  metformin  and
pioglitazone is more complete than to the standard of care therapy with glucocorticoid and
mineralocorticoid.
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Arslanian et al. reported that metformin therapy in obese teen-agers with PCOS and impaired
glucose tolerance (IGT) attenuated the exaggerated adrenocortical response to ACTH with a
reduction in hyperinsulinemia/insulin resistance [20]..

In 2007 we reported that the anti-psychotic drugs and valproate, which were already known
to cause insulin resistance and, in the case of the latter, PCOS, also induced and/or unmasked
adrenal hyperplasia [21]. This endocrine disrupter effect of these drugs was reversible with
the insulin sensitizers metformin (Figure 3) or rosiglitazone (Figure 4).
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Arslanian et al. reported that metformin therapy in obese teen-agers with PCOS and impaired
glucose tolerance (IGT) attenuated the exaggerated adrenocortical response to ACTH with a
reduction in hyperinsulinemia/insulin resistance [20]..

In 2007 we reported that the anti-psychotic drugs and valproate, which were already known
to cause insulin resistance and, in the case of the latter, PCOS, also induced and/or unmasked
adrenal hyperplasia [21]. This endocrine disrupter effect of these drugs was reversible with
the insulin sensitizers metformin (Figure 3) or rosiglitazone (Figure 4).
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In 2008 we published the first report of a patient with classical, salt losing 21-hydroxylase
deficiency being successfully treated with the addition of metformin to standard corticosteroid
therapy (Figures 5,6) [22]. The patient was a 17 year old woman, whose CAH had been
diagnosed in the nursery, where she had become profoundly dehydrated, whose current
complaints were of amenorrhea, hirsutism, and acne, despite being adherent to optimal
glucocorticoid/mineralocorticoid therapy. As can be seen in figure 5, her baseline serum 17-
OH-progesterone on standard therapy was still very elevated, while her baseline serum total
testosterone (Figure 6) was actually in the lower reference range for adult males. While
maintaining this therapy, metformin 500 mg twice daily after meals was added. Co-incident
with the marked reduction in both her serum 17-OH-progesterone and serum testosterone
levels documented at her next visit, she noted the return of monthly menses, the absence of
new acne lesions, and a reduction in hirsutism. While we would have liked to continue to
titrate her metformin dose upward to 2 grams daily and, if necessary, added a second insulin-
sensitizing agent in an attempt to normalize her steroid metabolite levels, and then possibly,
wean her off corticosteroids altogether, the patient pronounced herself pleased with the results
shown here and declined further dose titration and/or addition of other insulin sensitizers.

3 
 

Figure 4. Effect of rosiglitazone on elevated baseline 11-Deoxycortisol level (mg/dl) in 2 patients 
 

 

 

 

 
In 2008 we published the first report of a patient with classical, salt losing 21-hydroxylase deficiency being successfully treated with the 
addition of metformin to standard corticosteroid therapy (Figures 5,6) (22). The patient was a 17 year old woman, whose CAH had been 
diagnosed in the nursery, where she had become profoundly dehydrated, whose current complaints were of amenorrhea, hirsutism, and 
acne, despite being adherent to optimal glucocorticoid/mineralocorticoid therapy. As can be seen in figure 5, her baseline serum 17-OH-
progesterone on standard therapy was still very elevated, while her baseline serum total testosterone (Figure 6) was actually in the lower 
reference range for adult males. While maintaining this therapy, metformin 500 mg twice daily after meals was added. Co-incident with 
the marked reduction in both her serum 17-OH-progesterone and serum testosterone levels documented at her next visit, she noted the 
return of monthly menses, the absence of new acne lesions, and a reduction in hirsutism. While we would have liked to continue to titrate 
her metformin dose upward to 2 grams daily and, if necessary, added a second insulin-sensitizing agent in an attempt to normalize her 
steroid metabolite levels, and then possibly, wean her off corticosteroids altogether, the patient pronounced herself pleased with the 
results shown here and declined further dose titration and/or addition of other insulin sensitizers. 
 

Figure 5. Effect of metformin on 17-OH-progesterone (ng/dl) in a patient with classical, salt-wasting 21-Hydroxylase deficiency 
 

 

 

 

 

Figure 6. Effect of metformin on serum total testosterone (ng/dl) in classical, salt-wasting 21-Hydroxylase deficiency 
 

 

 

 

 
Before proceeding to discuss other insulin-sensitizing options in the treatment of CAH and endocrine-disrupter induced/unmasked adrenal 
hyperplasia, it is worth discussing a few limitations to their use. Despite their demonstrated efficacy, these insulin sensitizers have still not 
been demonstrated to be able to totally replace corticosteroids in classical CAH nor have they been prescribed, to our knowledge, in 
forms of CAH such as lipoid CAH. 
The main limitation of metformin use is gastrointestinal intolerance. Much of this problem may be overcome by prescribing more 
gastrointestinal-friendly forms of metformin such as extended release, liquid (Riomet), or matrix-embedded (Glumetza). Unfortunately, 
the latter two forms, which are exceptionally well-tolerated, are often not covered by prescription insurance. 
 Another significant limitation of metformin use is that is inappropriate to use in patients with seriously compromised renal function due 
to an increased risk of lactic acidosis. In the U.S. it is recommended that metformin not be used in women with serum creatinine >1.4 
mg/dl or men with serum creatinine > 1.5 mg/dl. In several other countries guidelines are allowing its use at lower doses down to an 
eGFR > 35 ml/min. 
 The use of thiazolidinediones is limited because there is little experience with this class of drugs in mid-late pregnancy and there is 
concern about weight gain, bone loss, and bladder cancer. 
Another means of improving insulin sensitivity is with diet and exercise. This approach was utilized in 2 patients with non-classic 
aldosterone synthase deficiency (Figure 7) (23). Diet and exercise resulted in a 10% weight reduction accompanied by a normalization of 

0

40

80

120

160

200

240

patient 1 patient 2

0
500

1000
1500
2000
2500
3000
3500
4000

0

50

100

150

200

250

300

350

baseline 
 

rosiglitazone 

baseline 
 

metformin 500 mg twice daily 
 

baseline 
 

metformin 500 mg twice daily 
 

Figure 5. Effect of metformin on 17-OH-progesterone (ng/dl) in a patient with classical, salt-wasting 21-Hydroxylase
deficiency

3 
 

Figure 4. Effect of rosiglitazone on elevated baseline 11-Deoxycortisol level (mg/dl) in 2 patients 
 

 

 

 

 
In 2008 we published the first report of a patient with classical, salt losing 21-hydroxylase deficiency being successfully treated with the 
addition of metformin to standard corticosteroid therapy (Figures 5,6) (22). The patient was a 17 year old woman, whose CAH had been 
diagnosed in the nursery, where she had become profoundly dehydrated, whose current complaints were of amenorrhea, hirsutism, and 
acne, despite being adherent to optimal glucocorticoid/mineralocorticoid therapy. As can be seen in figure 5, her baseline serum 17-OH-
progesterone on standard therapy was still very elevated, while her baseline serum total testosterone (Figure 6) was actually in the lower 
reference range for adult males. While maintaining this therapy, metformin 500 mg twice daily after meals was added. Co-incident with 
the marked reduction in both her serum 17-OH-progesterone and serum testosterone levels documented at her next visit, she noted the 
return of monthly menses, the absence of new acne lesions, and a reduction in hirsutism. While we would have liked to continue to titrate 
her metformin dose upward to 2 grams daily and, if necessary, added a second insulin-sensitizing agent in an attempt to normalize her 
steroid metabolite levels, and then possibly, wean her off corticosteroids altogether, the patient pronounced herself pleased with the 
results shown here and declined further dose titration and/or addition of other insulin sensitizers. 
 

Figure 5. Effect of metformin on 17-OH-progesterone (ng/dl) in a patient with classical, salt-wasting 21-Hydroxylase deficiency 
 

 

 

 

 

Figure 6. Effect of metformin on serum total testosterone (ng/dl) in classical, salt-wasting 21-Hydroxylase deficiency 
 

 

 

 

 
Before proceeding to discuss other insulin-sensitizing options in the treatment of CAH and endocrine-disrupter induced/unmasked adrenal 
hyperplasia, it is worth discussing a few limitations to their use. Despite their demonstrated efficacy, these insulin sensitizers have still not 
been demonstrated to be able to totally replace corticosteroids in classical CAH nor have they been prescribed, to our knowledge, in 
forms of CAH such as lipoid CAH. 
The main limitation of metformin use is gastrointestinal intolerance. Much of this problem may be overcome by prescribing more 
gastrointestinal-friendly forms of metformin such as extended release, liquid (Riomet), or matrix-embedded (Glumetza). Unfortunately, 
the latter two forms, which are exceptionally well-tolerated, are often not covered by prescription insurance. 
 Another significant limitation of metformin use is that is inappropriate to use in patients with seriously compromised renal function due 
to an increased risk of lactic acidosis. In the U.S. it is recommended that metformin not be used in women with serum creatinine >1.4 
mg/dl or men with serum creatinine > 1.5 mg/dl. In several other countries guidelines are allowing its use at lower doses down to an 
eGFR > 35 ml/min. 
 The use of thiazolidinediones is limited because there is little experience with this class of drugs in mid-late pregnancy and there is 
concern about weight gain, bone loss, and bladder cancer. 
Another means of improving insulin sensitivity is with diet and exercise. This approach was utilized in 2 patients with non-classic 
aldosterone synthase deficiency (Figure 7) (23). Diet and exercise resulted in a 10% weight reduction accompanied by a normalization of 

0

40

80

120

160

200

240

patient 1 patient 2

0
500

1000
1500
2000
2500
3000
3500
4000

0

50

100

150

200

250

300

350

baseline 
 

rosiglitazone 

baseline 
 

metformin 500 mg twice daily 
 

baseline 
 

metformin 500 mg twice daily 
 

Figure 6. Effect of metformin on serum total testosterone (ng/dl) in classical, salt-wasting 21-Hydroxylase deficiency

Treatment of Congenital Adrenal Hyperplasia by Reducing Insulin Resistance and...
http://dx.doi.org/10.5772/58953

107



Before proceeding to discuss other insulin-sensitizing options in the treatment of CAH and
endocrine-disrupter induced/unmasked adrenal hyperplasia, it is worth discussing a few
limitations to their use. Despite their demonstrated efficacy, these insulin sensitizers have still
not been demonstrated to be able to totally replace corticosteroids in classical CAH nor have
they been prescribed, to our knowledge, in forms of CAH such as lipoid CAH.

The main limitation of metformin use is gastrointestinal intolerance. Much of this problem
may be overcome by prescribing more gastrointestinal-friendly forms of metformin such as
extended release, liquid (Riomet), or matrix-embedded (Glumetza). Unfortunately, the latter
two forms, which are exceptionally well-tolerated, are often not covered by prescription
insurance.

Another significant limitation of metformin use is that is inappropriate to use in patients with
seriously compromised renal function due to an increased risk of lactic acidosis. In the U.S. it
is recommended that metformin not be used in women with serum creatinine >1.4 mg/dl or
men with serum creatinine > 1.5 mg/dl. In several other countries guidelines are allowing its
use at lower doses down to an eGFR > 35 ml/min.

The use of thiazolidinediones is limited because there is little experience with this class of drugs
in mid-late pregnancy and there is concern about weight gain, bone loss, and bladder cancer.

Another means of improving insulin sensitivity is with diet and exercise. This approach was
utilized in 2 patients with non-classic aldosterone synthase deficiency (Figure 7) [23]. Diet and
exercise resulted in a 10% weight reduction accompanied by a normalization of the elevated
serum deoxycorticosterone levels and normalization of the elevated LH/FSH ratio and
improvement in the clinical features of virilization.

4 
 

the elevated serum deoxycorticosterone levels and normalization of the elevated LH/FSH ratio and improvement in the clinical features of 
virilization. 
 

Figure 7. % Changes with weight loss &exercise in 2 women with non-classic aldosterone synthase deficiency 

 

 

 

 
 
Metabolic or bariatric surgery in obese T2DM patients has been associated with an improvement in insulin sensitivity associated with 
weight loss, suppression of inappropriate glucagon secretion via observed increases in GLP-1, reductions in glucose toxicity via improved 
glycemic control, and increased glucose utilization associated with intestinal villous hypertrophy/hyperplasia distal to the anastomotic 
site. It is also reported to ameliorate PCOS (24). We reported the first patient in whom Roux-en Y gastric bypass not only caused the 
patient’s T2DM and hypertension to remit, but also normalized the biochemical and clinical expression of her non-classical 11-
hydroxylase deficiency (Figure 8) (25). 
. 
Figure 8. Response of patient’s 11-Deoxycortisol (ng/dl), nl < 51 to Roux-en-Y gastric bypass 
 

 

 

 
 

Ashwagandha root (Withania somnifera) has been used for millennia in Aryuvedic medicine, where it has proven effective in treating a 
number of specific conditions as well as being used as a general “tonic”. We recently reported a patient who complained of excessive 
scalp hair shedding who was investigated and found to have both non-classic 3-β-ol-dehydrogenase deficiency and aldosterone synthase 
deficiency with elevated baseline levels of both serum 17-OH-pregnenolone and corticosterone (26). The patient had been able to reduce 
her rate of scalp hair loss and normalized her serum levels of both steroid metabolites while taking pioglitazone 15 mg/day. The patient 
elected to, nevertheless, stop pioglitazone because of what she had read on the internet concerning osteoporosis and bladder carcinoma. 
She promptly started losing excessive scalp hair again.  After watching the Dr. Oz television program she decided to start a standardized 
preparation of Ashwagandha root 400 mg twice daily as a general ‘tonic” and anti-oxidant. At her next visit she reported that she was 
awakening in the morning with much less hair on her pillow. Repeat serum levels of 17-OH-pregnenolone and corticosterone again fell to 
normal while using Ashwagandha root (Figures 9,10). A report by Anwer et al. confirms that Ashwagandha, among other effects, is an 
insulin sensitizer (27). 
 

Figure 9. Response of patient’s serum 17-OH-Pregnenolone (ng/dl) to Ashwagandha 400 mg twice daily 

 
 
 
 

0
50

100
150
200
250
300
350
400
450

0

20

40

60

80

100

weight BMI DOC LH/FSH

0
20
40
60
80

100
120
140

BMI = body mass index 
DOC = deoxycortisone 
LH = luteinizing hormone 
FSH = follicle stimulating hormone 
 

baseline 
 

ashwaganda 

baseline 
 

metformin + pioglitazone 500 mg 
twice daily 
post Roux-en-Y gastric bypass 
 
 

Figure 7. Changes with weight loss &exercise in 2 women with non-classic aldosterone synthase deficiency

Metabolic or bariatric surgery in obese T2DM patients has been associated with an improve‐
ment in insulin sensitivity associated with weight loss, suppression of inappropriate glucagon
secretion via observed increases in GLP-1, reductions in glucose toxicity via improved
glycemic control, and increased glucose utilization associated with intestinal villous hyper‐
trophy/hyperplasia distal to the anastomotic site. It is also reported to ameliorate PCOS [24].
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We reported the first patient in whom Roux-en Y gastric bypass not only caused the patient’s
T2DM and hypertension to remit, but also normalized the biochemical and clinical expression
of her non-classical 11-hydroxylase deficiency (Figure 8) [25].
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Ashwagandha root (Withania somnifera) has been used for millennia in Aryuvedic medicine,
where it has proven effective in treating a number of specific conditions as well as being used
as a general “tonic”. We recently reported a patient who complained of excessive scalp hair
shedding who was investigated and found to have both non-classic 3-β-ol-dehydrogenase
deficiency and aldosterone synthase deficiency with elevated baseline levels of both serum 17-
OH-pregnenolone and corticosterone [26]. The patient had been able to reduce her rate of scalp
hair loss and normalized her serum levels of both steroid metabolites while taking pioglitazone
15 mg/day. The patient elected to, nevertheless, stop pioglitazone because of what she had
read on the internet concerning osteoporosis and bladder carcinoma. She promptly started
losing excessive scalp hair again. After watching the Dr. Oz television program she decided
to start a standardized preparation of Ashwagandha root 400 mg twice daily as a general
‘tonic” and anti-oxidant. At her next visit she reported that she was awakening in the morning
with much less hair on her pillow. Repeat serum levels of 17-OH-pregnenolone and cortico‐
sterone again fell to normal while using Ashwagandha root (Figures 9,10). A report by Anwer
et al. confirms that Ashwagandha, among other effects, is an insulin sensitizer [27].
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There is now considerable evidence that Vitamin D is an insulin sensitizer [28]. We recently
reported a patient with T2DM, classical 11-hydroxylase deficiency, and severe Vitamin D
deficiency [29].

Metformin treatment was not initially an option in this patient as he had a life-threatening
lower extremity infection with gangrene. Metformin would have increased his risk for
developing dangerous lactic acidosis. His diabetes was, therefore, treated with basal/bolus
insulin. Vitamin D replacement was begun using ergocalciferol 50,000 IU once a week. His
serum 11-deoxycortisol fell from a baseline value of 2024 ng/dl (nl<76) to <20 ng/dl over a
period of 28 days, while his serum 25-OH-vitamin D3 level rose concomitantly from a baseline
value of 12 ng/ml (nl>30) to a level of 27 ng/dl on the 17th day of replacement (Figure 11). The
28 day Vitamin D sample was lost by the laboratory. It is known that the adrenal cortex has
Vitamin D receptors (VDR’s) [30]. Thus, Vitamin D may also enhance the expression of adrenal
steroidogenic enzymes via cross-talk.
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There is now considerable evidence that Vitamin D is an insulin sensitizer [28]. We recently
reported a patient with T2DM, classical 11-hydroxylase deficiency, and severe Vitamin D
deficiency [29].

Metformin treatment was not initially an option in this patient as he had a life-threatening
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Most recently, we have reported a patient whose non-classic 11-hydroxylase deficiency was
improved by taking a combination of Vitamin D and the GLP-1 receptor agonist liraglutide
(Figure 12) [31]. GLP-1 receptor agonists improve insulin sensitivity by suppressing the
inappropriate secretion of the counter-regulatory hormone, glucagon, decreasing glucose
toxicity by lowering post-prandial and fasting glucose levels and over time by weight, (visceral
fat mass) reduction.
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2.3. Possible mechanisms by which reducing insulin resistance ameliorates congenital
adrenal hyperplasia

Kelly et al. studied the effects of insulin in an in vitro human adrenocortical cell culture [32].
They reported that steroidogenic factor-1 (SF-1) activity is up-regulated in vitro by insulin in
the presence of forskolin (a functional analog of ACTH in this setting). Increased SF-1 synthesis,
as well as increased binding of SF-1 to its response element, resulted in increased transcription
of CYP17 causing increased adrenal androgen synthesis in both normal, human adrenocortical
tissue and in cultures of the adrenocortical tumor line H-295. In these same two in vitro systems
insulin inhibited the forskolin (ACTH) stimulated synthesis of the transcription factor nur77,
an action that results in decreased transcription of CYP21 mRNA, further directing adrenal
steroidogenesis toward androgen vs cortisol biosynthesis. Thus, hyperinsulinemia would
worsen the phenotypic/biochemical expression of 21-hydroxylase deficiency as well as
magnify any other deficiencies of adrenal steroidogenic enzymes.

2.4. Future directions in the treatment of congenital adrenal hyperplasia by reducing insulin
resistance

A number of drugs, herbs, naturally occurring compounds, as well as other therapeutic
interventions have been shown to improve insulin sensitivity. While the efficacy of metformin
and the thiazolidinediones in the treatment of NCAH is now established, it is still unknown
if these agents could completely replace corticosteroids in classical CAH. Similarly, while we
have shown in one patient that Vitamin D replacement can obviate the need for corticosteroids
in a patient with classical 11-hydroxylase deficiency, we do not know if Vitamin D would work
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as well in other classical forms of CAH or in CAH patients without vitamin D deficiency/
insufficiency. Randomized control trials will be needed to answer these important questions.

It is now recognized that dopamine receptor agonists have an in insulin-sensitizing effect [33,
34] and a formulation of the dopamine receptor agonist, bromocriptine, is now used to treat
T2DM. Both bromocriptine and cabergoline, another dopamine receptor agonist, have been
used to treat PCOS [35,36]. Since most insulin sensitizing treatments that are successful in
PCOS turn out to be successful in treating NCAH, a pilot study using these agents in NCAH
seems reasonable.

The bile acid binding resin, colesevelam, has been reported to improve insulin sensitivity,
possibly by causing an increase in endogenous GLP-1 secretion [37,38]. This finding might be
a basis for a pilot study using this agent to treat CAH.

The fat absorption blocking agent orlistat is approved as a weight loss aid when combined
with diet and exercise in the U.S. in both a 60 gm over the counter form and a prescription only
120 mg form. In Canada it is approved for the treatment of T2DM. Panidis et al. reported that
orlistat in combination with diet produced significant weight loss and improvement in insulin
sensitivity in obese women, with or without PCOS [39]. In addition, serum testosterone levels
were significantly improved in women with PCOS. Based on these data pilot studies of orlistat
in NCAH should be performed. Stimulation of the CB-1 cannabinoid receptor has known
orexic and euphoric effects, while its blockade with rimonabant has been associated with
anorexic and dysphoric effects and results in weight loss, reduced insulin resistance, and
improvements in glycemia and serum lipid levels [40] and has shown efficacy in PCOS patients
[41]. Rimonabant was not approved in the U.S. and its approval was withdrawn in Europe
because of a higher suicide risk due, presumably, to its dysphoric effect. The risk/benefit ratio
of this class of agents might be improved by better patient selection, selective co-administration
of an anti-depressant, treatment of hyperhomocysteinemia (which may play a role in depres‐
sion, or the development of selective cannabinoid receptor modulators, possessing the
beneficial anorexic effect of the class without causing dysphoria.

The selective estrogen receptor modulators (SERM’s), now in widespread clinical use, provide
a model for such future development. Since CB-1 receptor blockers reduce insulin resistance,
we might predict that they could ameliorate CAH.

Many, if not most, insulin resistant people have obstructive sleep apnea (OSA) [42]. Vgontzas
et al. have reported that the inflammatory cytokines, TNF-α and IL-6 are elevated in patients
with OSA, independently of obesity and that visceral fat was the primary parameter linked
with OSA [42] and treatment with CPAP has been shown to improve insulin sensitivity in
women with PCOS [43]. The fact that they found that OSA was more common in women with
PCOS suggested a pathogenetic role of insulin resistance in OSA. The beneficial effect of a
cytokine antagonist on excessive daytime sleepiness in obese, male apneics and on sleep
disordered breathing in a general, random sample supports the hypothesis that cytokines and
associated insulin resistance are mediators of excessive daytime sleepiness and OSA. Hamada
et al have reported that with nasal CPAP in a CAH patient with OSA they were able to reduce
the maintenance glucocorticoid dosage [44]. CAH patients, who have clinical features consis‐
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tent with OSA, might benefit from undergoing a sleep study followed by a CPAP titration
study if the initial sleep study is diagnostic. Alternatively, inhibitors of TNF-α and IL-6 might
be useful adjuncts in the treatment of CAH.

Curcumin is a component of the popular spice, turmeric. It has been reported to decrease levels
of the inflammatory cytokine, TNF-α, which, in turn, downregulates the transcription factor
PPAR-γ. Administration of curcumin results in up-regulation of PPAR-γ m-RNA and protein,
which we would predict would improve insulin sensitivity [45]. Pilot studies with curcumin
in CAH patients, would, therefore, be of interest given the absence of any known adverse
effects. Other spices, herbs, and supplements known or suspected to have insulin sensitizing
effects would also be worth exploring in CAH.

Somatostatin and its analogs-octreotide, octreotide LAR, and lanreotide partially suppress
insulin secretion; reduction of hyperinsulinemia by this means could result in amelioration of
both PCOS and CAH. Gambineri’s group reported that octreotide-LAR improved the ovula‐
tion rate and hirsutism and showed nearly significant trends toward greater reductions in
serum testosterone and androstenedione compared with placebo in dieting women with
abdominal obesity and PCOS [46]. Pilot studies of these drugs in these two conditions, would,
therefore, be of interest; because they reduce the secretion of growth hormone they would not
be suitable for use in children or adolescents.

Phenytoin and diazoxide both decrease insulin secretion and have been reported to be helpful
in treating some PCOS patients [47,48]. On this basis we might predict a response in CAH
patients as well. In designing pilot studies with these agents, patients with pre-diabetes or low
bone density should probably be excluded due to the diabetogenic potential of both drugs and
the accelerated Vitamin D clearance attributed to the latter.

2.5. Summary of treatment of CAH using insulin sensitizing approaches

• Insulin sensitizing approaches, including diet/exercise, metformin, thiazolidinediones,
bariatric surgery, Ashwagandha root, Vitamin D replacement, and liraglutide can eliminate
the need to use corticosteroids in the treatment of non-classical adrenal hyperplasia and
valproate/anti-psychotic induced/unmasked adrenal hyperplasia due to 21-hydroxylase
deficiency, 3-β-ol dehydrogenase deficiency, 11-hydroxylase deficiency, and aldosterone
synthase deficiency.

• Metformin addition can improve the outcome in classical CAH due to 21-hydroxylase
deficiency, exerting a corticosteroid-sparing effect.

• Vitamin D replacement in Vitamin D deficient/insufficient patients with NCAH due to the
above enzyme defects can eliminate the need for corticosteroids.

• Vitamin D replacement can replace the use of corticosteroids in classical 11-hydroxylase
deficiency associated with vitamin D deficiency.

• It is desirable to eliminate or minimize the use of corticosteroids in CAH in order to avoid
adverse drug reactions, including hyperglycemia, bone loss, growth retardation, and
affective changes.
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• The amelioration of CAH by insulin-sensitizing approaches suggests that, as in PCOS,
insulin resistance is an integral part of the pathogenesis of the CAH’s.

3. Parasitic endocrine disruption; polycystic ovarian syndrome induced by
neurocysticercosis

3.1. Background

There is growing awareness of the role of environmental endocrine disrupters in human health
and reproduction as well as in the health and reproduction of other species. Most of the
research in this area has dealt with the menace of manmade endocrine disrupting chemicals
(EDC’s), such as phthalates and hydraulic fracking chemicals. We are also rediscovering the
endocrine disrupting role of parasites, which have preyed upon our species since prehistoric
times. An example of this appears in statues of the pharaoh, Akhnaton which have often
portrayed him as a young man with rounded hips and gynecomastia. Some historical epi‐
demiologists have suggested that this feminized appearance might be the result of hepatic
involvement by schistosomiasis, which has long been endemic in the Nile Valley.

3.2. PCOS induced by neurocysticercosis

The patient we reported was a 33 year old (at that time) Mexican woman G3P2012 with
extensive neurocysticercosis, who was referred to our clinic for secondary oligomenorrhea,
acne, and hirsutism [49]. She had no localizing neurologic signs and none of the cestodes
directly involved the hypothalamus or the pituitary gland. There was no family history of
PCOS. She had previously conceived three times without difficulty, followed by 2 normal
pregnancies and 1 elective abortion. Her BMI was 28.34 kg/m2 and was almost unchanged from
2003 to 2011. She had not become pregnant again despite having regular relations without
contraception. Although her serum free and total testosterone, androstenedione, DHEA, and
DHEA-S levels were normal, a diagnosis of PCOS was made by the Rotterdam criteria-the
combination of oligomenorrhea plus clinical features of hyperandrogenism and the exclusion
of CAH. The diagnosis was further supported by the findings of an elevated LH/FSH ratio and
a low concentration of SHBG, which is evidence for both hyperandrogenism and insulin
resistance. Although her baseline serum 25-OH-vitamin D3 level was normal at 34 ng/dl, her
serum 1,25-(OH)2-vitamin D3 level was elevated at 81 pg/ml. The patient refused standard
treatment for cysticercosis with albendazole and dexamethasone because several of her friends
had experienced adverse drug reactions with this therapy.

We initiated treatment of her PCOS with a 1200 kcal reducing diet, daily 30 minute walks, and
metformin 500 mg twice daily after breakfast and supper. On this treatment monthly menses
resumed, but periods lasted for only 2 days each cycle. After the metformin dosage was
increased to 850 mg twice daily monthly menses continued and periods now lasted for 4 days.
Hirsutism and acne noticeably diminished, however, she still did not conceive despite
continuing regular relations without contraception (Table 1).
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Date LH FSH LH/FSH SHBG BMI Insulin

June 2007 4.9 6.9 0.7 26.31

June 2008 12.2 4.7 2.6 23 27.66

October 2008 on metformin 500 mg twice daily pc 9.7 3.8 2.6 21 28.34 18.7

January 2009 on metformin 850 mg twice daily pc 7.6 7.9 1.0 24 27.48 9.1

Table 1. Parameters related to polycystic ovarian syndrome

Units and reference ranges for the parameters given in the table: BMI, body mass index
kg/m2 [20–25]; FSH, follicle stimulating hormone mIU/l (1.37–17.20); Insulin mIU/l (<17.0); LH,
luteinising hormone IU/l (1.9–76.3); LH/FSH (≤1.0); SHBG, sex hormone binding globulin
nmol/l (17–120).

In performing a literature review to ascertain if there could be an association between PCOS
and cysticercosis, we learned from publications that the encysted forms of Taenia sp. are virtual
steroid factories, producing such metabolites as androstenedione, testosterone, estradiol, and
17-OH-progesterone [50-56].

Morales-Montor et al., in discussing host gender preference in mammalian parasitoses,
reporting that Taenia sp. exhibit a marked female host preference, and even more readily infect
and reproduce in pregnant hosts. When they do infect a male host, they will feminize the host
via estradiol production [55].

Given the host preference of this parasite, it would seem counterintuitive that the Taenia
cestodes would produce the hyperandrogenic state of PCOS, until one remembers that PCOS
is also a state of unopposed estrogen, characterized by such features as superficial cell
predominance on vaginal cytology, cervical mucus ferning on low power microscopy,
spinnbarkeit, and withdrawal bleeding after progesterone challenge.

3.3. Treatment of cysticercosis with selective estrogen receptor modulators (SERMs)

Vargas-Villavicencio et al. reported that treatment of mice infected with Taenia crassiceps with
the SERM, tamoxifen, resulted in a rapid, dramatic 80% reduction in parasite burden in infected
females and a 50% reduction in males [57]. Tamoxifen increased the Th1/Th2 ratio favoring
increased expression of cellular immunity as well as being associated with a change in the
cytokine pattern consistent with greater Th1 expression. They also reported that cultured
Taenia crassiceps cestodes that were exposed in vitro to tamoxifen concentrations comparable
with those achieved in human treatment died rapidly.

After again declining standard treatment of her neurocysticercosis with albendazole and
dexamethasone, we discussed with our patient the work reported by Vargas-Villavicencio et
al. and obtained her fully informed consent to initiate a course of treatment with another SERM,
raloxifene 60 mg orally daily. Pregnancy and disorders predisposing to a hypercoagulable
state were excluded before commencing treatment. Raloxifene, rather than tamoxifen, was
chosen so as not to increase the patient’s risk for endometrial cancer and because the former
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is known to exacerbate post-menopausal vasomotor symptoms in early post-menopausal
women, suggesting that it readily crosses the blood/brain barrier, acting as an estrogen receptor
antagonist within the central nervous system. Raloxifene was added to metformin 850 mg
twice daily beginning on January 21, 2010. The patient was reminded of the need for reliable
contraception since raloxifene is contraindicated during pregnancy.

When the patient returned to clinic on March 17, 2010 she reported apologetically that she had
a positive home pregnancy test. Pregnancy was confirmed in our laboratory. She was referred
to Family Planning Clinic for termination of pregnancy, because, as we re-explained to our
patient, raloxifene is FDA Pregnancy Class X (should not be used in pregnancy) and therefore
we could not assure her of the likelihood of a healthy baby. Raloxifene was discontinued in
the event that she chose to continue the pregnancy.

A repeat brain MRI, performed on April 26, 2010 showed a diminution in the number, size,
and viability of the cestodes (Figure 13).

Figure 13. MRI’s showing effect of raloxifene treatment 60 mg/day on a patient with extensive neurocysticercosis

The total number of lesions fell from 37 to 33. Ten lesions shrank, 5 lesions resolved, 18 lesions
appeared unchanged, 4 lesions enlarged, and only 1 new lesion appeared. Concomitantly, her
serum 1,25-(OH)2-vitamin D3 fell from 81 pg/ml to 41 pg/ml (Figure 14), while her serum 25-
OH-vitamin D3 only fell from 34 ng/ml to 30 ng/ml with raloxifene treatment.
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Figure 14. Effect of raloxifene 60 mg/day on serum calcitriol level in a patient with neurocysticercosis

On May 5, 2010 she agreed to treatment with a 2 week standard course of albendazole and
dexamethasone, which she tolerated well. Rare causes of calcitriol mediated hypercalcemia
have been reported and reviewed by Kallas et al. [58] and, although our patient did not develop
hypercalcemia, her apparently increased 1-α-hydroxylation of 25-OH-vitamin D3 may be
explained by the same mechanism-either the cestodes themselves or the surrounding host
macrophages carrying out 1-α-hydroxylation.

Our patient thus illustrates several previously unknown features:

• Neurocysticercosis cestodes can have several endocrine disrupting effects on their human
hosts including: androgenic effects, estrogenic effects, induction of insulin resistance, and
enhanced 1-α-hydroxylation of 25-OH-vitamin D3 either by the cestodes themselves or by
the surrounding host macrophages in a process reminiscent of pulmonary sarcoidosis.

• Alteration of the hormonal milieu evoked by the parasites is capable of reversing the
induced PCOS in a 2 step process:

1. the use of metformin reduced the insulin resistance/hyperinsulinemia, which in turn
reduced the hyperandrogenism and resulted in restoration of normal menses and
resolution of acne and hirsutism, concurrently with an increase in serum SHBG and a
normalization of the LH/FSH ratio, but did not, by itself result in restoration of fertility.

2. addition of the SERM, raloxifene, by causing a less estrogenic milieu restored fertility
(although this was an unintended consequence).

• Alteration of the hormonal milieu via the addition of raloxifene to metformin was effective
in reducing the parasite burden in a human host. This observation suggests the possibility
that alteration of the hormonal milieu may ultimately be found to be a viable primary or
adjunctive treatment for various human and veterinary parasitoses.

• Given the burden of widespread cysticercosis, not only in tropical/subtropical areas, but in
other area of the globe as well due to increasing migration, cysticercosis may turn out to be
an important cause, not only of PCOS, but, ultimately, of the burgeoning epidemic of
metabolic syndrome, pre-diabetes, and T2DM.
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4. Chapter summary

• Insulin resistance/hyperinsulinemia is a constant feature of both classical and non-classic
adrenal hyperplasia as well medication induced/unmasked adrenal hyperplasia.

• In vitro studies suggest that 2 mechanisms for the above observation are gain of 17-α-
hydroxylase activity and decrease of 21-hydroxylase activity in the presence of hyperinsu‐
linemia.

• Interventions which reduce insulin resistance/hyperinsulinemia dependably ameliorate the
phenotypic/biochemical course of CAH and acquired/unmasked adrenal hyperplasia as
they do in PCOS. In the case of NCAH insulin sensitizing interventions eliminate the need
for corticosteroids and their attendant side effects, while in classical CAH insulin sensitiza‐
tion shows at least an ability to ameliorate the condition without resorting to supraphysio‐
logic corticosteroid dosages.

• Other drugs and herbals with insulin sensitizing properties may ultimately prove useful in
treating CAH.

• Cysticercosis is able to evoke a 4 part endocrine disrupting effect in the human host: insulin
resistance, hyperandrogenism, feminization, and enhance 1-α-hydroxylation of 25-OH-
vitamin D3.

• Modifying the cysticercosis-evoked hormonal milieu with the insulin sensitizer, metformin
and the SERM, raloxifene is capable of effectively treating cysticercosis induced PCOS,
reducing the parasite burden, and reversing the overexpression of 1-α-hydroxylase.

• Serial measurement of vitamin D metabolites may prove to be a fairly economical way of
following parasite burden and treatment response compared to serial MRI.

• Cysticercosis may ultimately prove to be a fairly common cause of insulin resistance and
PCOS.

5. Nomenclature

CAH-congenital adrenal hyperplasia

NCAH-non-classic congenital adrenal hyperplasia

PCOS-polycystic ovarian (Stein-Leventhal) syndrome

17-OHP-17-hydroxyprogesterone

eGFR estimated glomerular filtration rate
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1. Introduction

Globally life expectancy is on the increase and with this an increase in the incidence of age
related gynaecological cancers and other related medical conditions. Gynaecological cancers
accounted for 19% of the 5.1million estimated new cancer cases in the world with 2.9 million
cancer deaths in 2002. (Sarkaranayanan et al, 2006). The essence of screening is to detect disease
among healthy population without symptoms of the disease with the primary purpose of
reducing the morbidity and mortality with the disease. This has been done with varying
success in various countries having designed programmes aimed at reducing the scourge of
gynaecological cancers.

The pattern of screening programmes can be divided into two categories namely: opportun‐
istic  and  organized.  The  organized  screening  programmes  are  mostly  observed  in  the
developed countries like Finland, Sweden and the United states of American were specific
policy decisions have been taken by the respective Government with the concentration of
resources  to  gynaecological  cancer  screening  with  resultant  of  the  population  and  im‐
proved  outcome.  Following  the  implementation  of  organized  screening  programmes
especially with cervical cancer remarkable reductions in mortality in Nordic countries have
been observed with largest  fall  in  Iceland,  Sweden and Finland (Laara et  al,  1987)  con‐
verse is  the case in developing countries where most  patients  have poor health seeking
attitude; uninformed and Disempowered population, increasing competing health needs,
limited human and material needs, unaffordable treatment for gynecological cancers and
lack of political will on the part of the respective governments to create policies that will
focus resources on early gynaecological cancer detection(Danny L et al 2006). The econom‐
ics of these countries put a lot of pressure on the limited resources in the face of multiple
demand.The average per capital expenditure in many African countries is approximately
USD30 compared to USD500 in the United States of `America (Denny L et al, 2005) creating
an  economic  menu  for  poorly  organized  screening  programmes.  Hence  screening  pro‐
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grammes are largely opportunistic  in nature relying on other channels of  health care to
provide a vehicle for screening like the family planning clinics and STI clinics.

Most female genital tract malignancies have identifiable precursors such as cervical intraepi‐
thelial lesions, vaginal intraepithelial, vulva intraepithelial, atypical endometrial hyperplasia
for endometrial cancer while others like ovarian malignancies do not have identifiable
precursors making screening modalities non specific. The potential benefits of screening
includes early detection of pre invasive cancers and avenue for provision of curative services
to patients identified while reassuring those that are negative and rechanneling health
resources to other purposes. It must be stated that screening programme have potential
limitations of false negative and positive results giving false assurances to affected patients
and overtreatment of none affected patients. (Kwawukume et al, 2005)

2. Criteria for a sucessful screeening programme

Irrespective of the type of screening embarked on whether organized or opportunistic, Wilson
et al (1968) stipulated certain standards to be met for a successful screening programme and
these include:

• The condition should be an important health problem, have recognizable latent phase and
known natural history with acceptable and available treatment options for identified
patients.

• The validity and predictiveness of the screening method must be high for the identified
precancerous lesion.

• Proposed screening should be a continuous process of case finding and Not “a all in
one“ project

• In addition to the above, policies should aim at designing programmes that will be eco‐
nomically balanced on medicare that will be provided for the diagnosed patients.

Judging from the above stated it is obvious why most of the screening projects designed by
most governments in Sub Saharan African and Asia do not succeed as against what is obtained
in the developed regions of the world. Gynaecological malignancies like cervical cancer have
known life cycle and well established link with 99% of cases of cervical cancer caused by
oncogenic strains of human papilloma virus of 16,18, 35 and 41 identified with a duration of
10-20 years of transformation to malignancy noted. The universality and acceptable of the
screening methods and treatment options for precursors of the cancer had made it an epitome
of success in the area of reducing morbidity and mortality. Ovarian malignancies do not have
known precursor thus making screening a challenge without acceptable consensus on
screening modalities.
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3. Methods of gynaecological cancer screening

There are basically three broad methods of gynaecological cancer screening and a combination
of method can be utilized to achieving a satisfactory result. These are:

• Biochemical: use of tumor markers such as CA125, CA 19-9,Human chorionic gonadotropin,
urinary gonadotropin peptides, BRCA 1 and 2, Alpha fetoprotein.

• Physical-Radiological: The use of physical examination and ultrasound scan can be helpful
in screening ovarian cancers assessing the ovarian volume and endometrial thickness
screening for endometrial malignancies

• Biophysical methods: These include the PAP smears, vulva and vaginal smears, laparosco‐
py, colposcopy and vacuum aspiration

4. Screening for cervical cancers

The value of screening in identifying precursors of cervical cancers and reducing the cancer
burden is well demonstrated in the various methods employed. Ever since the introduction of
using cervical exfoliates for screening by George Papanicoloeau and coworkers in 1943, the
incidence of cervical cancer related mortalities have reduced by 70% because of well organized
screening programmes (Noller 2005,). The relative ease in performing screening of cervical
cancer is related to the accessibility of the cervix to allow the analysis of exfoliated cells for
cytology, which in turn is a fairly tolerated procedure for patients and relatively cheap to carry
out. 60% of cancers of the cervix develop in the unscreened general population but despite
screening 40% arise from the screened population. This is attributed to false negative results
as result of sampling error or wrong interpretation of cytology reports or improper manage‐
ment abnormal results (Carmicheal, 1984). In addition to the traditional pap smear, other
screening methods have being introduced like, liquid based cytology, computer assisted liquid
based cytology, colposcopy and Human papilloma virus screening

4.1. Cervical cytology

This method uses the exfoliated cells, which are examined microscopically, and diagnosis
made by recognition of well-known histopathological patterns, which identifies cellular
changes of cervical intraepithelial neoplasia. These changes are graded as normal, atypical
squamous cells of uncertain significance, low-grade squamous intraepithelial lesions and high
grade intraepithelial lesions according to the Betheseda System of classification

The specificity of PAP smear is 98% but the sensitivity is lower and variable because of inter-
observer differences in interpretation of slides and sampling error

4.2. Preparation for PAP smear

The procedure of PAP smear is usually scheduled out of menstrual flow periods but should
not be deferred because of an unscheduled bleed which may as well errand a cervical pathol‐
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ogy.It is advisable for evidence of cervicitis /vaginitis be treated if present and intercourse
should be avoided with 24-48hours of the procedure in addition to avoidance of vaginal
douching or application of vaginal tampons and creams which may introduce artifacts on the
slides examined. Clinical information on the last menstrual period, use of hormonal contra‐
ception, intrauterine contraceptive devices, any form of immunosuppression and previous
history of abnormal smears are important to the pathologist in accurate interpretation of
smears.

5. Material needed

A pathologist and trained personnel in the collection of the specimen is an important ingredient
in conducting the investigation. Other items needed are 95% alcohol for fixing of slides, and a
jar to contain the specimen.

Over the years various sampling items have been introduced. The traditional wooden Ayrles
spatula was initially used but has some limitations as the failure of accessing the endocervix,
which is the point of origin of 20% of adenocarcinomas of the cervix. Specimen collections
devices include the broom and the endocervical bush (cytobrush) with both having the ability
to access the endocervix more than the traditional spatula. The plastic spatula is preferable to
the wooden variety because the collected samples are more adherent to the wooden spatula
and may be discarded with the spatula after use (Goodman, Hutchinson, 1996.)

5.1. Procedure

Following appropriate counseling of the patient and obtaining informed consent for the
procedure, the patient is put in lithotomy position with the cervix exposed using a bivalve
speculum. A soft cotton is used to remove any mucous material from the external cervical Os,
while taking care not to contact the cervix, a tenaculum is used to grasp the anterior lip of the
cervix.The collecting device which could be a spatula is introduced into the internal Os and
rotated in 3600 degree once. The samples collected are smeared on already labeled slide and
fixed in 95% alcohol. A four quadrant pap smear of the vaginal walls is advised in patients
with history of exposure to diethylstibesterol who are at risk of developing adenosquamous
vaginal cancer (Sarina et al 2004)

5.2. Interpretation of results of PAP smear after analysis

The specimen can be categorized as satisfactory or non-satisfactory according to the Bethesda
system of reporting of adequacy of smears collected. A satisfactory PAP specimen is that in
which the sample collected has a adequate number of squamous epithelial cell, endocervical
and representative amount of the transformation zone cell components while an unsatisfactory
smear has paucity of epithelial cells poorly preserved or cellular or inflammatory cell that
obscure the film.Epithelial cell abnormalities can be classified as:

Atypical squamous cells of undermined significance, low grade squamous intraepithelial
lesions (CIN1) and high grade intra epithelial lesions which include carcinoma in-situ, CIN2
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and CIN3.Other abnormalities include squamous cell abnormalities and glandular cell
abnormalities. (Solomom D et al, 2001)

5.3. Limitations of PAP smear

The impact of this screening method has being felt over the years and had contributed to
reducing cervical cancer related morbidities, however limitations exist which has affected its
utilization. The primary need for a trained pathologist has hampered its utilization especially
in the third world with scarcity of trained personnel. Even in the presence of trained personnel
the interpretation of morphological alterations in the histological pattern of cervical dysplasia
is highly subjective and in the presence of large pool of samples likely to be subject to observer
fatigue.The sensitivity of the screening method to identify cervical intraepithelial neoplasia is
51% with a specificity of 98% with increase of sensitivity if interval of screening is made 1-3
years

6. Frequency of PAP smear screening

There are different protocols advocated by different professional bodies and country policies
but latest recommended by American College of Obstetricians and Gynecologists (ACOG
2012) low and average risk patients suggest that females should start screening using PAP
smear from the age of 21 years and repeating every three years until 29. From the age of 30

Figure 1. Taking a sample of cells
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years PAP smear alone every three years smear screening alone every 3years with termination
of screening at the age of 65 years if still negative. High-risk patients such as off springs of
mothers exposed to diethylstilbestrol, immunosuppressed patients, and patients with CIN2
or higher who had been treated are however advised against following the routine screening
guidelines for low risk patients.

Patients who had had hysterectomy and had never had any CIN2 or greater can have discon‐
tinuation of screening using the Pap smear or HPV testing.

6.1. Liquid based cytology

This method is an innovation to improve the sensitivity of the conventional pap smear where
samples are suspended in liquid media, centrifuged to concentrate the exfoliated cells which
are subjected thereafter to cytology. The Food and Drug Adminstratio in the USA approved
Thinprep and BD Surepath in the years 1996/1999 for the purpose of analyzing cytology
samples.

The superiority of this screening method is based on improved cell collection and the random
distribution of cells collected which is more representative. This method reduced the propor‐
tion of unsatisfactory smears in a study by(Ronco et al, 2007, Arbyn et al 2008) but did not
show improved sensitivity instead has a low predictive value to detect CIN 2 and above
relative to the traditional Pap smear. A cost analysis also revealed increased cost relative to
Pap smear (De Jager et al 2013).

7. Visual inspection using acetic acid

In areas with limited resources a resort to inspection of the cervix have assisted in the screening
process without application of acetic acid (unaided). When the cervix is painted with 3-5%
Acetic acid it causes reversible coagulation of nuclei proteins and prevention of the penetration
of light hence abnormal tissues appearing as “aceto-white areas”. This has been used with
good outcome in areas like India and other less developed countries where there are absence
of technical manpower such as pathologist to analyze cytology specimens. This method is
simple easy to perform, cheap and acceptable by most patients and can be done by nurses,
paramedics amongst others and removes the need for histological confirmation. The method
enables a one stop treatment of suspected cases of premalignant lesions however there is the
danger of overtreatment of postmenopausal patients when this method is applied because of
non visualization of the transformation zone. This screening method has similar sensitivity to
PAP but lower specificity of 64-79%. Visualization of the cervix can be aided by the use of a
X4 magnification glass (Aviscope) and is said to have better sensitivity compared to VIA

7.1. Colposcopy

Following the invention of an optical device by Dr Hans Hinselmenn in 1925, the visualization
of the cervix using the colposcope is now an integral part of gynaecological oncology prac‐

Contemporary Gynecologic Practice132



years PAP smear alone every three years smear screening alone every 3years with termination
of screening at the age of 65 years if still negative. High-risk patients such as off springs of
mothers exposed to diethylstilbestrol, immunosuppressed patients, and patients with CIN2
or higher who had been treated are however advised against following the routine screening
guidelines for low risk patients.

Patients who had had hysterectomy and had never had any CIN2 or greater can have discon‐
tinuation of screening using the Pap smear or HPV testing.

6.1. Liquid based cytology

This method is an innovation to improve the sensitivity of the conventional pap smear where
samples are suspended in liquid media, centrifuged to concentrate the exfoliated cells which
are subjected thereafter to cytology. The Food and Drug Adminstratio in the USA approved
Thinprep and BD Surepath in the years 1996/1999 for the purpose of analyzing cytology
samples.

The superiority of this screening method is based on improved cell collection and the random
distribution of cells collected which is more representative. This method reduced the propor‐
tion of unsatisfactory smears in a study by(Ronco et al, 2007, Arbyn et al 2008) but did not
show improved sensitivity instead has a low predictive value to detect CIN 2 and above
relative to the traditional Pap smear. A cost analysis also revealed increased cost relative to
Pap smear (De Jager et al 2013).

7. Visual inspection using acetic acid

In areas with limited resources a resort to inspection of the cervix have assisted in the screening
process without application of acetic acid (unaided). When the cervix is painted with 3-5%
Acetic acid it causes reversible coagulation of nuclei proteins and prevention of the penetration
of light hence abnormal tissues appearing as “aceto-white areas”. This has been used with
good outcome in areas like India and other less developed countries where there are absence
of technical manpower such as pathologist to analyze cytology specimens. This method is
simple easy to perform, cheap and acceptable by most patients and can be done by nurses,
paramedics amongst others and removes the need for histological confirmation. The method
enables a one stop treatment of suspected cases of premalignant lesions however there is the
danger of overtreatment of postmenopausal patients when this method is applied because of
non visualization of the transformation zone. This screening method has similar sensitivity to
PAP but lower specificity of 64-79%. Visualization of the cervix can be aided by the use of a
X4 magnification glass (Aviscope) and is said to have better sensitivity compared to VIA

7.1. Colposcopy

Following the invention of an optical device by Dr Hans Hinselmenn in 1925, the visualization
of the cervix using the colposcope is now an integral part of gynaecological oncology prac‐

Contemporary Gynecologic Practice132

tice.The method involves direct visualization of the cervix using a colposcopy, which a
magnification of the epithelium of the cervix with the aim of identifying abnormal patterns
after staining with 3-5% acetic acid under 4-40x magnification. The aim of colposcopy is to
examine the transformation zone, which is the origin of cervical cancer. It should not be used
as a primary screening tool but used when there is an abnormality in the smear or bleeding.

7.1.1. Colposcopy procedure

With patient in lithotomy position the cervix is exposed using a bivalve speculum allowing
macroscopic examination of the cervix. The exposed cervix is subsequently painted with 3-5%
acetic acid. This causes a reversible denaturing of the cellular protein the abnormal cells
producing the “acetowhite reaction” of cervical intraepithelial neoplasm. The complete
visualization of the squamocolumnar junction is important in this procedure because it tells
the extent of anomaly of the lesion. Where there is failure of complete visualization of the SCJ
the colposcopy is said to be unsatisfactory. Abnormality patterns in colposcopy include:
punctuations, mosaicism and abnormal vessels

When colposcopy is used as a screening method for asymptomatic patients it is known to have
a poor sensitivity of 34-43%, a specificity of 68% and a positive predictive value of 4-14% hence
should not be used a primary screening method for this group of asymptomatic patients (Nidhi
G et al 2009).The method of screening is relatively easy to perform with the added advantage
of doing it as an office procedure but had the disadvantage of cost of equipment and the time
in training a Colposcopist.

7.2. Cervicography

The absence of skilled colposcopist will hamper the use of colposcopy hence in most devel‐
oping countries the use of the cervicograph have been shown to effectively identify up to 90%
of lesions identified by colposcopy. The procedure involves taking two photographs using a
specialized camera that develops the slides into 35mm size. Developed images can be subject
to comparison from a computerized bank of pictures or reviewed by other colposcopist
contacted by possible telemedicine.

7.3. HPV testing

The fact that 99% of cervical cancer is caused by identifiable onocogenic strains of human
papilloma virus mainly 16,18 screening for HPV virus is a realistic modality that is currently
been used. Ronco et al 2014, demonstrated that screening using HPV testing provided 60-70%
greater protection against cervical cancer when compared to the conventional cytology 20%
of women will have HPV infection using sensitive technologies such as hybrid capture 2 (HC2),
which is a signal amplification test and polymerase chain reaction, which is a target-amplified
test. It has a high sensitivity but poor specificity however has a high negative predictive value,
which excludes women not likely to have cervical intraepithelial neoplasm. As part of the
recommendations of the United States Preventive Service Task Force (USPSTF) screening for
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women above the age of 30years can be prolonged to 5years if HPV testing is added to
conventional screening (Grade A recommendation)

7.4. Truscan or polarprobe

This is a portable electronic device designed by Polartechnics, Crystalaid microelectronics in
Australia, which allows a non-invasive screening for cervical cancer. Its modality of operation
involves emission of low voltage electrical impulses when put in contact with the cervix
generate real time images of the cervix which is compared with a data base of thousands of
colposcopic and cervical biopsy pictures to give a final diagnosis of the optical image gener‐
ated. This is associated with less pain, removes the challenges encountered in the third world
in terms of performance of the conventional Pap smear and is noted to improve compliance
to screening in women(Quek et al 1998)

7.5. Ovarian carcinoma screening

Ovarian cancers are the 4th commonest cause of deaths in women in the USA and the Britain
with an overall survival of 35% with about 75% of the women universally presenting in
advanced stages. This is largely because of none specificity of presentations, absence of a
known precursor, and the absence of specific screening test for ovarian cancers. How fre‐
quently should patients be screened for ovarian cancers is not specific the NIH in 1994
recommended that all women with a family history of hereditary cancer syndrome should
have a yearly screening for ovarian cancer using the available screening methods.

7.6. Biochemical markers for ovarian cancer screening

7.6.1. CA125

CA 125 is one of the biochemical tumor markers known as cancer antigen or carbohydrate
Antigen 125. This high molecular glycoprotein was identified using monoclonal antibody OC
125 was discovered by Bast et al in 1980.This modality of screening is nonspecific, which is
elevated in 80% of patients with epithelial cancers and about 50% in the stage 1 cancers. It is
expressed by all tissues of mullerian origin but not produced by normal ovarian epithelium
This has sufficient sensitivity in post menopausal patients since other conditions that will result
in a rise in the value of the CA125 such as missed miscarriages, endometriosis, pelvic inflam‐
matory disease and benign molar pregnancy are absent in postmenopausal women with
ovarian cancer.

A value of greater than 35umg/ml is considered significant for further evaluation to be done.
The specificity of the screening method is about 99.9% with a poor positive predictive value
of 26%. The predictive value can however be increased with serial annual CA125 as against a
single value.A clinical programme by Skates et al 2003, confirmed that women with serial
annual rising level of CA125 are more at risk of developing ovarian cancers than women with
steady level (risk of ovarian cancer Algorithm-ROCA).If the risk is greater than 1% the patient
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of 26%. The predictive value can however be increased with serial annual CA125 as against a
single value.A clinical programme by Skates et al 2003, confirmed that women with serial
annual rising level of CA125 are more at risk of developing ovarian cancers than women with
steady level (risk of ovarian cancer Algorithm-ROCA).If the risk is greater than 1% the patient
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will need evaluation using transvaginal ultrasound to determine whelter further evaluation
is necessary.

7.6.2. Other tumor markers useful in the screening of ovarian malignancies

Urinary gonadotropin peptides are peptides with sequence similar to B subunit of human
chorionic gonadotropin and present in 70% of women with epithelial tumours. The presence
of an identifiable ovarian tumour by ultrasound, an elevated CA125 and normal urinary
gonadotropin peptide are most likely a benign tumor. Carbohydrate Antigen 19-9 is increased
in patients’ mucinous ovarian tumours but not in epithelial tumours

Carcinoembryonic Antigen (CEA): This is a high molecular weight glycoprotein, which is a
good tumour marker for the detection of mucinous ovarian tumours and noted in 90% of
mucinous tumours. Alpha feto protein-Albumin like protein, which is increased in patients
with germ cell tumours except dysgerminonas and teratomas.

Human placentae alkaline phosphatase: This is a glycoprotein molecule which has two sub
units and is useful in differentiating germ cell tumours from other ovarian tumors but has the
draw back of being expressed by other mullerian structures hence is not specific

Human chorionic gonadotropin: This is elevated in non-gestational choriocarcinoma,
embryonal and polyembryomas.

In order to improve the sensitivity and specificity of tumour markers use of multimarkers
blood test like oviplex which has the incorporation of five tumour markers (CA125,C reactive
protein, serum amyloid A(SAA), interleutin 6 and 8 have been shown to improve the sensitivity
y 94% and 91% specificity especially when it concerns early ovarian cancer detection(Edgell
et al, 2010).

Following diagnosis and treatment tumor markers like macrophage colony stimulating factor
(MCSF) can be used in the follow up of patients which has a high predictive value for persistent
disease and is raised in 68% of patients with ovarian cancer.

7.7. Genetic screening

This is based on the background information that 5-10% of women have hereditary genetic
predisposition and more than 90% of inherited ovarian tumours occur as a result of genetic
mutations in the BRCA1 and BRCA2 genes resulting in chromosomal structure dysfunction
and increased risk of malignant transformation. The presence of BRCA 1 and 2 confers 16-90%
risk of development of ovarian cancers by the age of 70years as against the 1.7% in the general
population ((Brose MS et al 2002,Struewing JP et al 1997). In addition Lancaster et al 2007 also
estimated that germline mutation of the above mentioned genes confers a 85% lifetime risk of
breast cancer and 46% risk of ovarian cancers. Also mutations in the gene mismatch repair
gene MLH, MSH or MSH6 associated with lynch /hereditary non polyposis colorectal cancer
have a 9-12% of ovarian cancer and advised in favor of genetic risk assessment which will
enable the physician to develop strategies prevent these genetically enabled tumour, provide
counseling advice, chemoprevention and prophylactic surgeries for the benefit of the patient.
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7.8. Proteomic technology

This enables analysis of cluster patterns produced based on the size and net electrical charge
of serum proteins produced by the various tumours. The proteome represents all the possible
gene products of the cell and the proteomic technology characterizes all protein in biological
system including the complex features. This method increased the sensitivity and specificity
by 100 and 95% respectively with a 94% positive predictive valve for ovarian tumours (Angela
et al 2013).

7.9. Pelvic examination

It has been advocated that routine pelvic examination should be part of the screening process
for ovarian cancers but non-randomized control trial has assessed the role of the bimanual
pelvic examination for ovarian cancer screening. In the PLCO cancer trials no case of ovarian
cancer was ovarian cancer was identified solely by bimanual examination (USPTF 2012) The
American cancer society had advocated pelvic examination for asymptomatic women as one
of the methods of screening for ovarian cancer in combination with other screening methods
like CA 125 and transvaginal ultrasound scan (ACS 2012).

7.10. Use of ultrasonography

The measurement of the volume of the ovaries has being used in screening of ovarian cancer.
Transvaginal ultrasound scan can detect changes in the ovarian size and morphology. The
upper limit of ovarian size for premenopausal women was 20cm3 and 10cm3 for postmeno‐
pausal women (Parlik EJ et al). Adding the parameters of cyst wall, characteristics and
septation increases the sensitivity to 86% and a specificity of 99% for differentiating benign
from malignant lesions(Depriest et al). It is however not recommended for population
screening because of its low predictive value and lack of specificity. The combination of colour
flow Doppler with transvaginal scan may assist in distinguishing malignant from benign
lesions by measurement of the vascular resistance pattern of blood vessels supplying the
ovaries

A combination of ultrasound scan, CA125 and menopausal status can be used in calculating
the risk of malignancy index for patients and may buttress the need for more vigilance. The
risk of malignancy index of greater than 200 connotes a higher risk of malignancy.

RMI=M x C x U (RCOG guideline,2003) where

M: Score of 1=premenopausal, 3=postmenopausal

C: value of the CA125

U: 1=normal scan

1 for each of the following presence of multilocular, bilateral,solid components ascities and
metastatic disease with a maximum score of 3
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7.11. Laparoscopy

The presence of the following features at laparoscopy may be suggestive of an ovarian
malignancy size of the ovaries, bilaterally, surface excrescence dense adhesions, ascites and
peritoneal lesions noted on laparoscopy. A combination of laparoscopy with transvaginal can
improve the specificity of these methods but has the risk of tumor spill. This method of
screening is expensive in terms of equipment, training of manpower and the surgical risk
associated with the procedure for it to be advocated as a screening tool globally.

7.12. Screening for endometrial cancer

There is no known standard recommendation for screening of endometrial cancers and the
ACOG consider the process not cost effective and not warranted (ACOG 1997).Despite that
there is need for appropriate medical history of menstrual abnormalities and occurrence of
postmenopausal  bleeding  should  initiate  the  need  for  further  evaluation  of  the  pa‐
tient.The history of tamoxifen use in a patient on hormonal therapy for breast cancer should
increase  the  suspicion  of  possible  endometrial  malignancy.  Physical  examination  and
subsequent finding of bulky uterus in a postmenopausal patient should arouse the need
for additional evaluation. Routine screening using transvaginal or biopsy is not recommend‐
ed for low risk or average risk patients however in patients with hereditary nonpolyposis
colon cancer it  is  advised that  screening be done as a  routine from the age of  35 years
annually (Birke 1997, Smith 2011)

7.13. Endometrial biopsy/PAP smear

There are different methods of assessment of the endometrial cavity amongst these are
fractional curettage of the endometrium where samples are obtained from the uterus in four
quadrants and sample send for histology looking out for premalignant lesions of the uterus
such as atypical endometrial hyperplasia which is a possible precursor to endometrial cancer

However fractional curettage has the disadvantage of the samples collected not representative
of the endometrial tissues. Other methods of collection of samples include vacuum aspiration
and hysterscopically directed biopsy of suspicious lesions can also be done

Conventional PAP smear as a screening method for endometrial cancer is not advised since
50% of patients with endometrial cancer will have normal results (Gu, 2001) but improved
specificity can be achieved if liquid based cytology is used in detecting glandular lesions

7.14. Ultrasound scan

This assesses the endometrial thickness using transvaginal ultrasound scan can be helpful in
screening of patients with endometrial pathology. An endometrial thickness of 5mm has a high
sensitivity and specificity for detecting endometrial pathology and a higher negative predic‐
tive value of about 100%(Smith –Bindman et at 1998)
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8. Screening for vaginal/vulva cancers

Vulva and vaginal cancers account for 7% and 2% of all gynaecological cancers in the United
Kingdom in with 80% of them been squamous cell carcinoma and 60% of vulva and 68% of
vaginal cancers occur in developing countries (WHO 2009). In Nigeria cancers of the vulva
and vagina constitute 1.3% and 1.4% of all gynaecological cancers (Clement et al 2013). It is
worthy of note that 40 % of all vulva and vagina cancers are attributed to Human Papilloma
virus in the United States of America with HPV 16 the main aetiological agent (Wu X et al
2008,Saraiya et al 2008). In developing countries like Nigeria HPV 16 and 36 have been
identified in most cases of vaginal /vulva cancer (Thomas et al). This identification of this
etiological agents makes one of the modalities of screening HPV genotype screening a
possibility in addition visual inspection with acetic acid for vulva lesions. However there is
no consensus on the modality of screening of vaginal and vulva lesions but it is advised that
careful examination of vulva/perineal lesions must be undertaken and a biopsy of suspicious
lesions taken. Despite the absence of supporting data e expert opinion recommend that annual
visual inspection for vulva/vaginal lesions can be undertaken as part of the screening(Crum
CP, 1992)

9. Geographical variations in screening programmes in gynaecological
cancer

Screening of gynaecological cancers is largely dependent on the cancer burden in the respective
country with each country strategizing to reduce the burden. Before the 1940s there was a
notable rise in the incidence and mortality associated with cancer such as cervical cancer
necessitating the organization of organized screening programmes especially in the `Nordic
countries which were largely nationwide and population based resulting in a near nation wide
coverage. This was largely achieved by the direction of national resources aided by well-
formulated policies by the respective Governments with resounding achievements.

Converse is the case in developing countries with limited resources competing for numerous
challenges. The screening programmes of countries are largely opportunistic, poorly organ‐
ized and not entered on national coverage of the population. The obvious lack of political will
on the part of the various Governments has also compounded this problem. Most times
screening programmes in these countries are cost driven With governments relying on
methods that are relatively less expensive though not necessarily ideal screening methods. The
absence of suitable manpower to handle more complex screening methods make such methods
unavailable for generality of the population. Thus screening for cervical cancer in developing
are usually based on the traditional cytology using the spatula with its drawbacks already
highlighted as opposed to liquid based cytology. Less expensive methods for screening such
as VIA and cervicography are also used to meet up with the challenges of the draught of the
challenges of the draught of histopathologist to analyse samples collected. The absence of
histopathologists puts a lot on pressure on already burdened histopathologists resulting in
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delays of screening results with a back lash on the patients zeal for further follow up in
subsequent appointments. The lack of information on credible treatment plans for those
diagnosed is also as rate limiting step in achieving national coverage in most of these countries.

10. Conclusion

Gynaecological cancer screening have been shown over the years to be life saving as exempli‐
fied by the have shown over the years to be life saving as exemplified by the experience of the
Nordic countries as regard cervical cancer where the traditional PAP smears had been used
with resounding success reducing incidence and mortality. Same can not be said of other
gynaecological cancers were there is currently no consensus on the ideal screening tool. The
use of tumour markers like CA 125 solely had not been shown to be good screening tool hence
the need for multimodal approach in dealing with ovarian tumours with some still in clinical
trials hence the need for the multimodal means for screening for ovarian cancer with some still
in the clinical trial phase.

Author details

T.K. Nyengidiki

Department of Obstetrics and Gynecology, College of Health Sciences, University of Port
Harcourt, Rivers State, Nigeria

References

[1] Sankaranayanan R, Ferley J. World wide burden of Gynaecological cancer, the size of
the burden.Bailliere’s Best Practice. Res.2006; 20:207-225

[2] Laara E,Day NE, Hakama M : Trends in morttality from cervical cancer in the Nordic
countries: association with organized screening programmes. Lancet :
1987.30;1(8544)1247-9

[3] Kwawukume EY, Srofenyoh EK. Premalignant lesions of the female Genital tract. In
EY Kwawukume Ejiro EE edn Comprehensive Gynaecology in the Tropics. Graphic
Packaging limited publishers, 2005. 395-411

[4] Denny L, Micheal Q, Sankaranarayanan R. Screening for cervical cancers in develop‐
ing countries. Vaccine 2453.(2006):S3/71-S3/77

[5] Denny L. Prevention of cervical cancer in developing countries .Br J Obstet Gynaecol,
2005; 112:1204-12.

Screening Methods for Gynaecological Cancers
http://dx.doi.org/10.5772/58947

139



[6] Wison JM, Junngner. Principle and Practice of screening of disease. Geneva: WHO.
1968.Available from http//www.who.int/bulletin/volume/86/4/07-050112BP.pdf

[7] Noller KL. Cervical cancer screening and evaluation. Obste Gynaecol.vol 106(2)
2005:391-397.

[8] Goodman A, Hutchinson ML. Cell surplus on sampling devices after routine cervical
cytologic smears. A study of residual cell populations. J Reprod Med 1996; 41: 239-241.

[9] Sarina S, Beth EP.Diethylstilbesterol Exposure. Am. Fam Physician 2004.15; 69(10):
2395-2400

[10] Solomon D,Davey D ,Kurman R et al. The 2001 Bethesda System. Terminology for
Reporting Results of Cervical Cytology. JAMA 2002;287(16):2114-2119(doi 10.1001/
Jama.287.26.2114

[11] The American Congress of Obstetricians and Gynecologists. ACOG Practice Bulletin.
Clinical Management Guidelines for Obstetrician-Gynecologists: Screening for Cervi‐
cal Cancer. November, 2012

[12] Ronco G, Cuzick J , Confortini M. Accuracy of liquid based cytology vs conventional
cytology: overall result of new technology for cervical cancer screening randomized
controlled trials.BMJ.2007.335(7609):28

[13] Arbyn M, Christine B, Paul K, et al. Liquid compared to conventional cervical cytolo‐
gy.A systematic Review and Meta Analysis.ACOG.2008.111.(1).167-177

[14] De Jager P, Singh E, Kistnasamy B, Bertram,MY et al .Cost and cost effectiveness of
conventional and liquid based cytology in South Africa- A laboratory service provid‐
ers perspective SAJOG.2013.19(2).44-48.Doi: 10.7196.SAJOG.619

[15] Nidhi G, Mukesh C : Colposcopy made easy. A handbook on Manual for practicing
Doctors and Postgraduates. Jaypee brothers’ medical publishers. 72

[16] Ronco G,Dillner J, Elfstrom MK, Sara Tunesi et al. Efficacy of HPV-based screening
for prevention of invasive cervical cancer: follow-up of four European randomized
controlled trials. The Lancet 2014.383.8.9916.524-532.doi.10.1016/S0140-6736(13)
62218-7

[17] USPSTFrecommendations.2012.Http//www.uspreventiveservicetaskforce.org/uspstf/
uspscerv.htm.

[18] Quek SC, Mould T, Canfell T et al. The polar probe-emerging technology for cervical
cancer screening. Ann Acad Med. Singapore. 1998.27:717-21

[19] Bast RC, Fenney M, Lazarus H, Nadler LM, Colvin RB et al. Reactivity of a monoclo‐
nal antibody with human ovarian carcinoma. J Clin Invest; 1981.68:1331-1337.

Contemporary Gynecologic Practice140



[6] Wison JM, Junngner. Principle and Practice of screening of disease. Geneva: WHO.
1968.Available from http//www.who.int/bulletin/volume/86/4/07-050112BP.pdf

[7] Noller KL. Cervical cancer screening and evaluation. Obste Gynaecol.vol 106(2)
2005:391-397.

[8] Goodman A, Hutchinson ML. Cell surplus on sampling devices after routine cervical
cytologic smears. A study of residual cell populations. J Reprod Med 1996; 41: 239-241.

[9] Sarina S, Beth EP.Diethylstilbesterol Exposure. Am. Fam Physician 2004.15; 69(10):
2395-2400

[10] Solomon D,Davey D ,Kurman R et al. The 2001 Bethesda System. Terminology for
Reporting Results of Cervical Cytology. JAMA 2002;287(16):2114-2119(doi 10.1001/
Jama.287.26.2114

[11] The American Congress of Obstetricians and Gynecologists. ACOG Practice Bulletin.
Clinical Management Guidelines for Obstetrician-Gynecologists: Screening for Cervi‐
cal Cancer. November, 2012

[12] Ronco G, Cuzick J , Confortini M. Accuracy of liquid based cytology vs conventional
cytology: overall result of new technology for cervical cancer screening randomized
controlled trials.BMJ.2007.335(7609):28

[13] Arbyn M, Christine B, Paul K, et al. Liquid compared to conventional cervical cytolo‐
gy.A systematic Review and Meta Analysis.ACOG.2008.111.(1).167-177

[14] De Jager P, Singh E, Kistnasamy B, Bertram,MY et al .Cost and cost effectiveness of
conventional and liquid based cytology in South Africa- A laboratory service provid‐
ers perspective SAJOG.2013.19(2).44-48.Doi: 10.7196.SAJOG.619

[15] Nidhi G, Mukesh C : Colposcopy made easy. A handbook on Manual for practicing
Doctors and Postgraduates. Jaypee brothers’ medical publishers. 72

[16] Ronco G,Dillner J, Elfstrom MK, Sara Tunesi et al. Efficacy of HPV-based screening
for prevention of invasive cervical cancer: follow-up of four European randomized
controlled trials. The Lancet 2014.383.8.9916.524-532.doi.10.1016/S0140-6736(13)
62218-7

[17] USPSTFrecommendations.2012.Http//www.uspreventiveservicetaskforce.org/uspstf/
uspscerv.htm.

[18] Quek SC, Mould T, Canfell T et al. The polar probe-emerging technology for cervical
cancer screening. Ann Acad Med. Singapore. 1998.27:717-21

[19] Bast RC, Fenney M, Lazarus H, Nadler LM, Colvin RB et al. Reactivity of a monoclo‐
nal antibody with human ovarian carcinoma. J Clin Invest; 1981.68:1331-1337.

Contemporary Gynecologic Practice140

[20] Skates SJ, Menon U, Macdonald N et al. Calculation of the risk of ovarian cancer
from serial CA125 values for preclinical detection of postmenopausal women. J Clinc
Oncol.2003; 21:206S-210S

[21] Edgell T, Martin R, Barker G, et al. Phase 11 biomarkers trial of multimarker diagnos‐
tic for ovarian tumors. J Cancer Res Oncol.2010; 136 (7): 1079-1088.

[22] Brose MS, Rebbeck TR, Calzone KA et al. Cancer risk estimates for BRCA 1 mutation
carriers identified in a risk evaluation programme. J Natl Cancer Inst 2002;
94:1365-72.

[23] Struewing JP, Hartge P, Wacholder S et al. The risk of cancer associated with specific
mutations of BRCA 1 and BRCA 2 among Ashkenazi Jews .N Engl J Med .
1997:336:1401-8

[24] Lancester MJ, Powell BC, Kauff ND et al. Society of Gynaecologic Oncologist educa‐
tion committee statement in risk assessment for inherited gynaecological cancers pre‐
disposition. Gyn Onc.2007.107: 159-162.

[25] Angela Toss, Elisabetta D, Elena R, Lara D et al .Ovarian cancer: can proteomics give
new insight for therapy and diagnosis. Int J.Mol.Sci.2013.14.8271-8290;doi 10.3390/
IJMS 14048271.

[26] American Cancer Society. Cancer Facts & Figures 2012. Atlanta: American CancerSo‐
ciety.www.cancer.org/Research/cancerfactsFigures/cancerfactsFigures/cancrfacts.
2012

[27] US preventive service Taskforce reaffirmation Recommendation statement. Accessed
at www.us preventiveservicetaskforce.org/uspstf 12/ovarian/ovariancancers.htm

[28] Pavlik EJ, DePriest PD, Gallion HH, Ueland FR, Reedy MB, Kryscio RJ, et al. Ovarian
volume related to age. Gynecol Oncol 2000;77: 410–2.

[29] DePriest PD, Gallion HH, Pavlik EJ, Kryscio RJ, van Nagell JR Jr. Transvaginal so‐
nography as a screening method for the detection of early ovarian cancer. Gynecol
Oncol 1997;65: 408–14.

[30] The Royal College of Obstetricians and Gynecologist Guideline No 34.Ovarian cyst
in Postmenopausal women. Oct 20013

[31] American college of Obstetricians and Gynaecologist. Routine cancer screening.
ACOG opinion no 185.Washington DC.1997

[32] Gu M, Shi W, Barakat RR, Thaler HT et al. Pap smear in women with endometrial
carcinoma. Acta Cytol.2001.45 (4) 555-60

[33] Nigeria. Human Papilloma virus and related cancers.Summary report update.
WHO/ILO HPV information centreWHO and institute catala .2010. http://
app.who.int/hpvcentre/statisitics/dynamic/ico/country. Pdf/NGA .pdf

Screening Methods for Gynaecological Cancers
http://dx.doi.org/10.5772/58947

141



[34] Clement Okolo, Olatokunboh MO, Olulosin AA, Effiong EU .A review of vulva and
vaginal cancers in Ibadan. Nigeria. NAJ Med Sci.2013;6(2):76-81

[35] Crum CP. Carcinoma of the Vulva: Epidemiological and pathogenesis. Obstet Gy‐
naecol.1992;79: 448-54

[36] W u X, Matanoski G, Chen VW et al. Descriptive epidemiology of the vaginal cancer
incidence survival by race, ethnicity and age in the United States. Cancer supple‐
ment. 2008; 113(S10):2873-2882

[37] Saraiya M, Watsom M, Wu X et al. Incidence of insitu and invasive vulva cancer in
the United States. 1998-2003. Cancer supplement .2008.113(S10):2865-2872

[38] Thomas JO,Herrero R, Omigbodum AA et al .Prevalence of Papilloma virus infection
in women in Ibadan. A population based study.Br J cancer.2004;90(3):638-645.

Contemporary Gynecologic Practice142



[34] Clement Okolo, Olatokunboh MO, Olulosin AA, Effiong EU .A review of vulva and
vaginal cancers in Ibadan. Nigeria. NAJ Med Sci.2013;6(2):76-81

[35] Crum CP. Carcinoma of the Vulva: Epidemiological and pathogenesis. Obstet Gy‐
naecol.1992;79: 448-54

[36] W u X, Matanoski G, Chen VW et al. Descriptive epidemiology of the vaginal cancer
incidence survival by race, ethnicity and age in the United States. Cancer supple‐
ment. 2008; 113(S10):2873-2882

[37] Saraiya M, Watsom M, Wu X et al. Incidence of insitu and invasive vulva cancer in
the United States. 1998-2003. Cancer supplement .2008.113(S10):2865-2872

[38] Thomas JO,Herrero R, Omigbodum AA et al .Prevalence of Papilloma virus infection
in women in Ibadan. A population based study.Br J cancer.2004;90(3):638-645.

Contemporary Gynecologic Practice142

Chapter 7

From the Ovary to the Fallopian Tube: A History of
Ovarian Carcinogenesis

G. Chene, G. Lamblin, K. Le Bail-Carval, P. Chabert,
J.D. Tigaud and G. Mellier

Additional information is available at the end of the chapter
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1. Introduction

Because of the poor prognosis for ovarian cancer due to the fact it is most often diagnosed late
at an advanced stage, screening and early detection could likely reduce the mortality rate.
Epithelial ovarian cancer represents 90% of all ovarian cancers [1, 2]. Initialy divided into a
double-pathway, epithelial subtypes are in fact distinct diseases with specific characteristics
and molecular signatures (see tables 1 and 2) [3, 4]. Recent persuasive data support the idea
that high grade serous carcinoma (HGSC) may arise from the Fallopian tube epithelium
whereas endometrioid and clear cell cancers could arise from atypical endometriosis through
the Fallopian tube. Opportunistic salpingectomy could reduce both HGSC, and endometriosis-
associated ovarian cancers (EAOC) (i.e. endometrioid and clear cell cancers).

Type 1 Type 2

Molecular signatures BRAF, KRAS, PTEN, b catenin TP53

Genomic instability low high

Frequency 20% 80%

Precursors adenoma/ borderline tumors, endometriosis de novo

Prognosis stage 1, slow evolution > stage 1, fast evolution

Histological sub-types
low grade serous, endometrioid, mucinous,

clear cell carcinoma

high-grade serous, non-differentiated

carcinoma, carcinosarcoma

Table 1. Diagram of double-pathway oncogenesis [2]

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Low grade serous Clear cell Endometrioid Mucinous
High grade

serous

Molecular

signatures

BRAF

KRAS

HER2

ARID1A

HNF 1B

PI3KCA

PTEN

ARID1A

PTEN

B-catenine

KRAS

KRAS

HER2

TP53
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Frequency 5% 10% 10% 3% 70%

Precursors Borderline serous
Endometriosis

Adenofibroma
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Adenofibroma

Sequence:

Adenoma/

Borderline

-Fallopian tube

(STIC)

-Ovary

(dysplasia)

Prognosis Favourable Intermediate Favourable Favourable Poor

Initial response to

platinum salt

chemotherapy

Intermediate

(20-30%)

Chemoresistance

(15%)
Good

Chemoresistance

(15-20%)
Good (80%)

Potential

therapeutic targets

BRAF inhibitors

MEK inhibitors
PI3K inhibitors mTOR inhibitors MEK inhibitors

PARP inhibitors

Cell cycle

inhibitors

Table 2. Diagram of quintuple-pathway oncogenesis [3, 4]. This classification shows the clinico-pathological
differences along with potential therapeutic targets for each histological sub-type. An advantage of this new
classification is that it describes the heterogeneous nature of ovarian cancer.

We propose to discuss the origin of HGSC and EAOC cancers and the potential clinical
implications.

2. High-grade serous ovarian cancer (see figure 1)

At this point it seems appropriate to recall the anatomy and embryology involved in order to
clarify the close relationship and interaction between Fallopian tube and ovary. During
embryonic development, the coelomic epithelium gives rise to the peritoneum and ovarian
surface epithelium (OSE). The Mullerian duct develops as an invagination of the coelomic
epithelium in direct continuity of the OSE. So the OSE and Fallopian tube share the same origin.
Moreover, there is a direct histological connection between the epithelium of the fimbria and
the OSE [6] (see figure 1). As we will show below, all these various elements suggest that we
should no longer use the term ovarian cancer, but rather tubo-ovarian cancer.
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Figure 1. A-In this laparoscopic view, we can see the close anatomical interaction between the fallopian tube and the
ovary; In the high-grade serous ovarian carcinogenesis, serous tubal intraepithelial carcinoma (STIC in photo B) may be
the non-invasive precursor of high-grade ovarian cancer (E). STIC is characterized by a p53 immunohistochemical sig‐
nature (C); On the other hand, ovarian epithelial dysplasia (see the inclusion cysts in D) may be also a preinvasive le‐
sion in the high-grade serous ovarian carcinogenesis. This raises the question of the temporal relationships and
chronology of events: what is the exact relationship between ovarian dysplasia and STIC ? In the clear cell (H) and en‐
dometrioid (I) ovarian carcinogenesis, endometriosis (F) may be a non-invasive precursor when there is loss of ARID1A
expression (G). The fallopian tube may be considered as both as a source in the high-grade serous ovarian carcinogen‐
esis and as a conduit for endometriosis in the clear cell and endometrioid ovarian carcinogenesis [60].

a. Once upon a time the ovarian hypothesis:

In 1971, Fathalla [7] developed the theory of incessant ovulation after noting the high frequency
of ovarian cancer in nulliparous women and the high prevalence of peritoneal carcinosis of
ovarian origin in battery hens (ovulation every 28 hours, rate of spontaneous ovarian cancer
between 30 and 40% at 4 years of age). Inversely, the protective role of oral contraception,
pregnancy and breastfeeding thanks to their inhibition of ovulation has been well-established
[8-10]: repeated ovulations are pro-inflammatory events and could result in the formation of
ovarian epithelium inclusion cysts in the OSE. These inclusion cysts, exposed as they are to
cellular, paracrine and hormonal growth factors in the pro-inflamatory stromal microenvir‐
onment, could thus be the origin of a neoplastic process.
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While 90% of cases of ovarian cancer are sporadic, 10% are hereditary in nature with a high
proportion linked with BRCA mutations. There is a 35 to 60% cumulative risk at age 70 in case
of BRCA 1 mutation. The risk is a little lower in case of BRCA2 mutations, lying between 10
and 27% [11]. These patients, their ovaries and tubes provide an excellent model for studies
aiming at a better understanding of ovarian carcinogenesis. Due to the fact that bilateral
adnexectomy is recommended in this group at risk, after the age of 35 and after completion of
childbearing, these ovaries (and then the tubes, see below) have received particular attention
in histopathological and molecular level studies. As a consequence histopathological anoma‐
lies called ovarian epithelial dysplasia (by analogy with other preinvasive lesions of the genital
tract) were initially described in ovaries with a genetic risk (BRCA mutation) [12]. In view of
the high risk of ovarian cancer in these patients if bilateral ovariectomy does not take place,
these dysplastic lesions were therefore considered to be preinvasive with a potential towards
cancer.

Similar dysplastic lesions were also revealed in areas adjacent to ovarian cancer, and also in
the contralateral ovary in case of unilateral ovarian cancer without any genetic predisposition
[13-18]. The molecular and histopathological similarities thus suggested that these dysplastic
lesions were the initial phases of ovarian carcinogenesis.

More recently dysplastic anomalies were revealed in ovaries from patients who had undergone
an ovulation stimulation process in a context of infertility [19, 20]. However since the histo‐
pathological, immunohistochemical and molecular characteristics differed from those of
dysplastic lesions found in patients with a BRCA genetic mutation, it would appear that there
may be several types of dysplasia that evolve differently (towards cancer in case of BRCA
mutation, unlike the case after an in vitro fertilisation protocol) [21, 22].

b. ...and all of a sudden the tubal hypothesis:

In 2001, Piek et al [23] revealed for the first time 6 cases of tubal dysplasia including one case
of severe dysplasia in a cohort of 12 patients with a genetic predisposition for ovarian cancer.
Other studies have corroborated these results with nearly 10% Serous Tubal Intraepithelial
Carcinoma (or STIC), 57% to 100% of which were located in the fimbriated end of the Fallopian
tube [24-27]. These lesions consist of nonciliated cells exhibiting 3 or more of the following
features: abnormal chromatin pattern, nuclear enlargement, marked nuclear pleomorphism,
epithelial stratification and/or loss of polarity, and nuclear moulding. They are also charac‐
terised by high immunohistochemical expression of TP53 (expression level between 80% and
92%) and highly positive levels for proliferation marker Ki67 and DNA double-strand break
marker γ-H2AX [24-27].

Other even earlier tubal lesions have also been described and it was possible to propose a
serous carcinogenic sequence with a tubal origin: after a genotoxic stress and subsequent to
various mutations (such as TP 53 mutation and BRCA mutation or epigenetic loss which play
an important role in the maintenance of genomic integrity), very early histopathological
anomalies of the tube would appear: these SCOUT lesions (Secretory Cell Outgrowths),
characterised by a succession of at least 30 pseudostratified secretory epithelial cells with a
low expression of PAX2, PTEN and Ki67, and no p53 mutation, would then evolve towards
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p53 signatures [28, 29]. These p53 signatures, defined by a succession of at least 12 secretory
cells with intense nuclear p53 staining and a low proliferative index, could evolve towards
STIC (same TP53 molecular mutation suggesting a clonal relationship and a genetic identity).
However, these p53 signatures are found in around 50% of normal control Fallopian tubes and
it is not possible at the time of writing to tell which signature(s) might evolve towards STIC
and which would not undergo this unfavourable evolution [30].

Finally, STIC lesions may metastase in the ovary and adjacent peritoneum [31].

Several series of sporadic high-grade serous ovarian and serous peritoneal cancers (without
BRCA mutation) were re-analysed and revealed the presence of the same serous carcinogenic
sequence in almost 50% of cases [31].

c. Tubal or ovarian origin?

STIC lesions present preinvasive characteristics, as shown by the following elements:

• identical TP 53 mutations in STIC lesions and invasive cancer [32]

• up-regulation of other genes (RSF1, Cyclin E, p16, FAS, Stathmin 1, Lamnin 1) as it is the
case in invasive ovarian cancer [33-35]

• genomic instability: telomeric shortening and chromosomic rearrangements [36-38]

• animal experiments: development of peritoneal carcinosis with a tubal origin

But, other arguments plead in favour of an ovarian origin. Notably, the fact that STIC lesions
are not found in all genetic or sporadic series of ovarian cancer. If there are no STIC lesions or
at the very least histological scarring due to STIC of the tube, what would the origin of the
cancer be? So this raises the question of the temporal relationships and chronology of events:
like for the chicken and the egg, do STIC lesions precede invasive cancer, or the contrary?

To conclude, although during the last century the postulate was raised that ovarian cancer
originates in the ovary itself (which seemed logical and is the case for other organs), it would
today appear that ovarian cancer has a dual origin, both tubal (predominating in case of genetic
risk with BRCA mutation) and ovarian. It remains to be seen how and why one patient will
have a cancer of tubal origin while another will have one of ovarian origin [31]. Furthermore,
what triggers the transformation of normal secretory Fallopian tube epithelium into HGSC?

The solution is likely in in the interaction between the tube and the ovary. Some authors have
described the chronic inflamatory therory [39, 40]. They stated that there is less retrograde flow
of inflamatory mediators from the genital tract and through the tube with tubal ligature,
hysterectomy, oral contraception or pregnancy (closed cervix). For other authors, the release
of inflamatory follicular fluid during ovulation may cause damage on the ovarian and fallopian
tube epithelial cells [41, 42]. All these arguments point to the concept of tubo-ovarian cancer,
i.e. a disease both in tube and ovary.

The potential clinical implications are discussed in the following paragraphs.
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3. Endometrioid and clear cell cancers (see figure 1)

Women with CC and EC frequently present with endometriosis. In a review of 29 studies, Van
Gorp et al [43] found a statistical association between endometriosis and endometriosis-
associated ovarian cancers (EAOC): 36% of clear cell carcinoma were associated with endo‐
metriosis (11-70%), and 10% in case of endometrioid carcinoma (5-43%). A precursor lesion
called atypical endometriosis was proposed. Atypical endometriosis (AE) is defined by the
presence of hyperplasia or cytological atypia, increased nuclear/cytoplasmic ratio, mild
hyperchromosomia, mild to moderate pleomorphism, crowded and occasionally stratified
epithelial cells. AE has been identified adjacent to concomitant EAOC, with a demonstrated
transition from benign endometriosis through AE to EAOC. At the molecular level, AE and
EAOC share common molecular abnormalities such as PTEN and PIK3CA mutations, HNF
1b up-regulation, MET amplification and loss of ARID1A [44].

ARID1A (loss or mutation) and PIK3CA are early events and likely occur in precursor lesions
as well as in EAOC: mutation of ARID1A gene (AT rich interactive domain 1A) was found in
41 to 57% of clear cell cancers and 30 to 48% of endometrioid cancers [31, 45-47]. ARID1A is a
tumour suppressor gene and encodes BAF 250a protein that is involved in the multi-protein
SWI/SNF chromatin-remodelling complex.

It has been well established that the SWI/SNF complex is involved in DNA repair through cell
cycle arrest and apoptosis, cell survival after DNA damage (particularly by promoting γH2AX
induction) and genomic stability. ARID1A has recently been demonstrated to act as a negative
regulator of the cell cycle through interaction with TP53 and its mutation may lead to cellular
dysfunction as dysregulation of chromatin remodelling [48]. Moreover, loss of expression of
this gene was recently found in benign endometriosis (20%) and AE (38.5%) adjacent to
malignant lesions (57.7%), suggesting a chronological association from benign through
atypical endometriosis to AEOC [44]. Samartzis et al [49] found also loss of ARID1A/ BAF 250a
expression in presumably benign ovarian endometriomas (n=3/20, 15%) particularly in the
form of cell clusters that could suggest a clonal loss of BAF 250a and a risk of carcinogenic
transformation [31].

Finally tubal ligation is protective against AEOC suggesting passage of endometriosis through
the tube as a key oncogenic step with potential clinical implications (see below).

4. Clinical implications

The challenge is to detect a microscopic lesion during the occult period. We know also the
preclinical natural history of HGSC which lasts on average 4 years as in situ, stage 1 and 2 cancers
and approximately 1 year as stage 3 /4 cancers before they become clinically apparent [50].

To date, there is no screening test for ovarian cancer. ROCA screening (Risk of Ovarian Cancer)
may be promising. It is based on a computerised Bayesian algorithm comparing each indi‐
vidual's CA125 profile to the pattern in ovarian cancer and healthy women. If the CA125 rate
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is closer to known cases of ovarian cancer, the risk may be greater and a specific clinical
assessment with ultrasonography is performed. UKCTOCS will report on the impact on
mortality in January 2015 [51, 52].

In the other non invasive methods, evaluation of DNA obtained by Papanicolaou test to detect
ovarian cancers is probably encouraging: 41% (9/22) of ovarian cancers were identified using
a panel of mutated genes from liquid Papanicolaou smear specimens [53].

However, none of these methods can currently be considered as a safe alternative to risk-
reducing surgery. It has been thoroughly demonstrated that carrying out preventive bilateral
adnexectomy significantly reduces the risk of ovarian cancer (by over 98%) in at-risk groups
(BRCA mutations, Lynch syndrome, family history of breast/ovarian cancer). Nevertheless,
while operative morbidity can remain limited thanks to minimally invasive laparoscopic
surgery, the complications of surgically induced menopause should not be minimised in
women who are still young [54].

The new tubal theories in which the Fallopian tube is considered to be a conduit for EAOC
(endometriosis as a precursor lesion) and as an origin for HGSC could result in a preference
for exclusive bilateral salpingectomy instead of adnexectomy.

The current Canadian recommendations in British Columbia in gynaecological clinical and
surgical practice are in line with this [55]:

• removal of Fallopian tube along with fimbriated end at the time of hysterectomy

• perform salpingectomy instead of tubal ligation

• genetic counseling and BRCA mutation screening in women at high genetic risk of HGSC,
with risk-reducing surgery in patients with BRCA mutations

However, we believe a distinction should be drawn between HGSC and EAOC:

• in HGSC risk groups carrying out salpingectomy could be an attractive alternative in that
it avoids inducing menopause [56], but this preventive attitude appears to be premature as
yet since the origin of this cancer does not seem to be the tube in absolutely all cases, and
also because the impact of salpingectomy on ovarian reserves is still the subject of debate.
Kwon et al [58] have developed a simulation model comparing three strategies in the BRCA
population: bilateral salpingo-oophorectomy, bilateral salpingectomy, bilateral salpingec‐
tomy with delayed oophorectomy. The authors conclude that prophylactic adnexectomy is
best in terms of reducing the risk of ovarian and breast cancer. However, bilateral salpin‐
gectomy with delayed oophorectomy could be an interesting option in terms of cost-
effective strategy and higher quality of life.

• in groups at risk of EAOC, the problem is not so much the Fallopian tube but rather that of
endometriosis. Endometriosis very often developes early (sometimes during adolescence)
and removal of the Fallopian tube could only be carried out far later and consequently would
be of no interest. Only by drawing the distinction between (atypical) endometriosis with a
risk of degeneration and benign endometriosis could efficient screening become possible.
The use of specific markers such as ARID1A could be promising [54].
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Finally, ex vivo optical imaging using reflectance and fluorescence may detect preinvasive
lesions. McAlpine et al [58] were able to view STIC tubal lesions with 73% sensitivity, 83%
specificity, 57% positive predictive value and 91% negative predictive value.

In the future, the development of real time in vivo high resolution imaging for STIC through
falloposcopy (transcervical route) or salpingoscopy (confocal microlaparoscopy) could
certainly be useful in patients with a genetic risk of ovarian cancer and who want to remain
fertile, by allowing a precise histopathological diagnosis for the ovaries and tubes in real time
and in vivo [59].

5. Conclusions

We have moved from one paradigm to another: instead of an exclusively ovarian origin, it
appears that ovarian cancer may also have a tubal origin (probably in the majority of genetic
risk cases) with the consequent questions concerning clinical implications and exclusively
preventive salpingectomy.

We consider that more studies are still needed in order to validate these new concepts. It is
clear now that, just as for breast cancer, ovarian cancer is a heterogeneous disease involving
specific molecular signatures. Molecular characteristics may likely define personalized
treatment specific to subtypes as is the case in breast cancer [31].
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1. Introduction

Endometrial cancer is the most frequent gynecologic malignancy in the United States and the
sixth most frequent malignancy worldwide. The highest incidence of endometrial cancer is
reported in North America, followed by Central and Eastern Europe. Conversely, the lowest
incidence of endometrial cancer is reported in developing countries such as Central and
Western Africa [1]. In the United States, roughly 47,000 new cases of endometrial cancer and
8,000 related deaths are recorded yearly [2]. The incidence of endometrial cancer has dramat‐
ically increased by 21% since 2008, and unfortunately, the mortality rate per 100,000 cases has
increased by more than 100% over the last two decades, and by 8% since 2008 [3].

At the time of clinical diagnosis, it has been estimated that approximately 75% of endometrial
cancer patients have early stage disease (FIGO stage I and II) with a 5-year overall survival of
80% to 90% [4, 5]. However, nearly 10% to 15% of patients with early-stage disease develop
recurrences after the primary surgical treatment [6, 7]. Conversely, a very small group of
patients are unlucky and present with advanced stage disease with unfortunate prognoses.
The 5-year survival rates for regional disease (FIGO stage III) and distant disease (FIGO stage
IV) are 57% and 19%, respectively [8].

Management of endometrial cancer can be very challenging, even for early-stage disease. The
objective of the chapter is to comprehensively shed light on the past, present and future
perspectives on the different treatment modalities employed in the management of endome‐
trial cancer.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. The role of surgery in management of endometrial cancer:

Despite the vast majority of patients diagnosed with endometrial cancer present to clinical
attention with early stage disease limited to uterus, metastatic disease is recognized in a
substantial proportion when comprehensive surgical staging is carried out [9]. In 1988, the
International Federation of Gynecologists and Obstetricians (FIGO) officially suggested
surgical staging as part of the primary management plan for endometrial cancer. Despite the
recent amendments of the staging system in 2009, comprehensive staging (total hysterectomy,
bilateral salpingooophorectomy, peritoneal cytology, intraoperative bilateral pelvic and para-
aortic lymph node dissection) continue to be recommended [10-12].

The major advantages of comprehensive surgical staging are directly related to the diagnosis,
prognosis, and proper categorization of patients who may benefit from adjuvant therapy.
FIGO endometrial cancer staging is chiefly based on surgical pathology and comprehensive
surgery permits accurate delineation of disease extent.

2.1. The role of laparotomy, conventional laparoscopy and robotic-assisted laparoscopy in
management of endometrial cancer

Conventionally, laparotomy has been the primary mode for surgical staging in patients with
endometrial cancer [10-12].

However, several studies examined the practicality of minimally invasive approaches such as
laparoscopy for surgical staging of endometrial cancer [13,14].

Afterwards, randomized controlled trials endeavored to compare laparotomy versus conven‐
tional laparoscopic approaches. In Gynecologic Oncology Group Study (GOG) LAP2, more
than 2000 patients with endometrial cancer were randomized to receive comprehensive
surgical staging via conventional laparoscopy or laparotomy [15]. Conventional laparoscopic
arm experienced fewer post-surgery complications (14% vs 21%, respectively; p=0.0001),
shorter hospitalization rates over 2 days (52% vs 94%, respectively; p=0.0001), however, longer
operating periods (204 minutes vs 130 minutes, respectively; p=0.001). The incidence of
intraoperative adverse events was similar. Operative conversion from conventional laparo‐
scopy to laparotomy happened in roughly 17.5% of patients with body mass index (BMI) of
25, and 26.5% of patients with BMI of 35 and above, mainly due to poor surgical exploration.
Over the 6-week recovery period, the conventional laparoscopic arm patients articulated much
higher scores on multiple quality-of-life aspects (less pain, more cosmetics, faster resumption
of daily and social activities) [16].

A recently published meta-analysis of survival data compiling 3 randomized controlled
clinical trials did identify survival differences between the surgical approaches in patients
receiving the conventional laparoscopy and laparotomy for surgical staging of endometrial
cancer [17]. A secondary survival analysis showed largely comparable 5-year overall survival
rate (around 90% in both groups) and 3-year recurrence rate (around 11% vs 10% in conven‐
tional laparoscopy and laparotomy groups, respectively). Based on these findings, it was
concluded that conventional laparoscopic approach was not inferior to laparotomy for surgical
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staging of endometrial cancer [15,18]. Rather, it was concluded that conventional laparoscopic
surgical management of endometrial cancer is superior to laparotomy in terms of hospital stay
and short-term safety with comparable overall survival and free-recurrence rates. Hence,
conventional laparoscopy ―whenever technically possible― should be considered as the
recommended (primary) approach for comprehensive surgical staging in management of
patients with endometrial cancer.

The daVinci Surgical System (Intuitive Surgical, Sunnyvale, CA) is widely used by many
gynecologic oncologists and designed to facilitate robotic-assisted laparoscopy. Despite the
many  benefits  (seated  and  long-distance  operating  setting,  three-dimensional  image  of
surgical  field,  tremor  omission,  etc),  one  of  the  major  disadvantages  is  lack  of  haptic
feedback [2].

There are multiple published retrospective case series studies that journeyed to explore the
use of robotic-assisted laparoscopy for comprehensive surgical staging of endometrial cancer
[19,20]. Primary results showed that robotic-assisted laparoscopy was feasible and safe (highly
governed by hands-on surgical expertise). Unfortunately, robotic-assisted laparoscopy has not
been prospectively compared in randomized controlled trials to conventional laparoscopy for
evaluating the efficacy of endometrial cancer surgical staging, and hence data about survival,
safety, and performance differences are lacking. Nevertheless, current literature data point out
that robotic-assisted laparoscopy has advantages closely comparable to conventional laparo‐
scopy. Moreover, over time, technical expertise can be simply acquired with robotic assistance
as compared to conventional laparoscopy, and thus enabling the achievement of complete
comprehensive staging of endometrial cancer in the obese and morbidly obese patients, as
laparotomy possesses high potential adverse events in such populations [21]. For communities
concerned about financial matters, cost differences between surgical approaches for staging
endometrial cancer has been reported [22]. Laparotomy was the most expensive, followed by
robotic-assisted laparoscopy, and followed by conventional laparoscopy.

Port-site tumor implantation taking place in patients undergoing minimally invasive laparo‐
scopic techniques for gynecologic cancers is always a major concern for many patients and
surgeons [10]. Generally speaking, the incidence of port-site tumor metastatic deposits
following laparoscopic procedures in patients with malignant cancer is very minimal, and
mostly takes place in the setting of already locally widely spread intra-abdominal disease or
distant metastatic disease [23]. Precisely, the risks of port-site tumor implantation in patients
with early-stage endometrial cancer following laparoscopic procedures (conventional or
robotic-assisted approaches) are very low (less than 1%) [24]. Therefore, minimally invasive
laparoscopic techniques can be used safely, to a greater degree, in patient with early-stage
disease.

2.2. The role of lymphadenectomy in management of endometrial cancer

The issue of bilateral pelvic and para-aortic lymphadenectomy for surgical staging of endo‐
metrial cancer remains a topic of argument [10, 25-27]. Although lymphadenectomy is required
for accurate staging, lymphadenectomy should generally be considered in patients with high
risk for lymph nodal involvement [28-31]. Such risk factors include: tumor grade 3 (poorly
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differentiated), more than 50% of myometrial invasion, lymphovascular space invasion, non-
endometrioid histology (serous, clear cell, undifferentiated, small cell, anaplastic, etc), cervical
stromal involvement, advanced FIGO stage (III and IV), and older age (above 60 years) [28].

Several randomized controlled clinical trials demonstrated no survival benefits from system‐
atic lymphadenectomy in patients with early-stage and low-risk endometrial cancer. Benedetti
Panici and colleagues [25] explored the effect of systematic lymphadenectomy in patients with
stage I endometrial cancer and documented no difference in overall survival (90% vs. 86%)
and disease-free survival (80% vs. 82%) rates between lymphadenectomy and no lymphade‐
nectomy arms. Moreover, the ASTEC trial from United Kingdom [26] studied approximately
1400 patients with endometrial cancer limited to uterus, and showed no recurrence-free or
overall survival benefits from pelvic lymphadenectomy in patients with early-stage endome‐
trial cancer. Another randomized clinical trial from Italy [25] reported no difference in rates
of survival or recurrence between patients who underwent lymphadenectomy versus who did
not undergo lymphadenectomy for early-stage endometrial cancer. Furthermore, 2 cohort
studies showed that patients with low-risk endometrial cancer disease (neoplasm size ≤2 cm,
less than 50% myometrial invasion, grade 1 and 2 endometrioid neoplasms) had no lympha‐
denopathy at time of surgical staging and did not gain advantage from systematic lympha‐
denectomy [30, 31]. Collectively, these data suggest no therapeutic benefit of
lymphadenectomy in patients with early-stage and low-risk endometrial cancer.

Bristow and associates [32] conducted a retrospective cohort study examining 41 patients with
advanced stage IIIC endometrial cancer, and found statistically significant disease-specific
survival benefit of 37.5 months versus 8.8 months (p=0.006) between patients who received
optimal (completely debulked) lymphadenectomy and patients who received suboptimal
lymphadenectomy groups. They concluded that patients with stage IIIC endometrial carcino‐
ma, complete debulking of gross nodal disease and subsequent administration of combined
adjuvant radiation therapy and chemotherapy are correlated with improved disease-specific
survival.

There are continuing disputes regarding whether to perform complete bilateral para-aortic
lymphadenectomy in all patients. Positive para-aortic lymph nodes can occur in the absence
of pelvic lymphadenopathy [30, 33]. Abu-Rustum and colleagues [33] identified 1.6% rate of
para-aortic lymphadenopathy in 734 patients with negative pelvic lymphadenopathy and low-
and high-grade endometrial cancer. As such, the current practice is to perform pelvic lym‐
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node mapping [34, 35]. Khoury-Collado and partners [34] evaluated a sum of 266 patients with
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in 223 patients (84%). The utility of sentinel lymph node mapping may surface as a plausible
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Other studies recommend that para-aortic lymphadenectomy should be offered to patients
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invasion. Of these, roughly 33% had isolated pelvic lymphadenopathy, 16% had isolated para-
aortic lymphadenopathy and 51% had both pelvic and para-aortic lymphadenopathy.

Although straightforward disease-free survival and overall survival benefits of pelvic and
para-aortic lymphadenectomy have not been solidly reported, the procedure of lymphade‐
nectomy offers accurate staging of endometrial cancer, and recognizes node-positive patients
who may benefit from adjuvant treatment.

2.3. The role of “Cytoreduction” in management of recurrent endometrial cancer

Around 25% of endometrial cancer related mortality is primarily due to recurrent disease [6,
36, 37]. More than half of patients with endometrial cancer experience recurrence following
the initial surgical treatment [38]. Recurrence rates can be as low as 15% in early-stage disease
and benign pathology, and as high as 50% in late-stage disease and aggressive pathology
[39-41]. Prognosis of patients with recurrent disease and peritoneal metastasis is very graving
(median survival less than 12 months) [42, 43]. Optimal Surgical debulking (whenever
feasible), even with multiple recurrences, is the standard of care followed with adjuvant
radiotherapy, chemotherapy or hormonal therapy [43].

Bristow and associates [44] reported a cohort of 61 patients undergoing cytoreduction for
recurrent endometrial cancer. Optimal cytoreduction (no gross residual disease) was achieved
in 66% of patients and yielded longer median recurrence-free survival rates of 39 months as
opposed to patients with suboptimal cytoreduction of only 13 months (p=0.0005).

Awtrey and partners [45] reported a cohort of 27 patients undergoing cytoreduction for
recurrent endometrial cancer. Optimal cytoreduction (no gross residual disease) and subop‐
timal cytoreduction (less than 2 cm residual disease) was achieved in roughly 56% and 67% of
patients, respectively, and, yielded longer median survival rates (43 months vs. 10 months,
respectively; p< 0.05).

In the above-mentioned two studies, the absence of residual disease was correlated with
improved disease-free survival and overall survival rates [44, 45]. Collectively, Barlin and
colleagues [46] conducted a meta-analysis and showed that optimal cytoreduction to no
macroscopic disease was correlated with overall survival benefits ranging from 9 to 25 months
in patients with recurrent endometrial cancer.

2.4. The role of Hyperthermic Intraperitoneal Chemotherapy (HIPEC) in management of
recurrent endometrial cancer

The utilization of hyperthermic intraperitoneal chemotherapy (HIPEC) has yielded signifi‐
cantly substantial improvements in disease-free survival and overall survival rates in patients
with peritoneal recurrence from pseudomyxoma peritonei [47], colon cancers [48], gastric
cancers [49] and ovarian cancers [50]. Its use in management of recurrent endometrial cancer
is minimal and has not gained much popularity.

Bakrin and colleagues [43] studied the combination of cytoreduction and HIPEC in 5 patients
with recurrent endometrial cancer. Optimal cytoreduction was achieved in all patients. HIPEC
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was carried out with mitomycin C and cisplatin. Intraoperative and postoperative adverse
events were uneventful. Two patients developed early recurrences at 2 and 10 months and
both died afterwards. The remaining three patients were alive and disease-free at 7, 23 and 39
months with fair performance status.

Abu-Zaid and colleagues [51] studied the combination of cytoreduction and HIPEC in 2 and
4 patients with primary advanced and recurrent endometrial cancer, respectively. Optimal
cytoreduction was achieved in 5 patients. HIPEC was carried out with doxorubicin and
cisplatin. Intraoperative and postoperative adverse events were uneventful. All patients
received adjuvant chemotherapy (carboplatin and paclitaxel). Despite optimal debulking, one
patient with an aggressive histology (clear cell carcinoma) relapsed within 6 months and died
5 months later because of metastatic spread to liver and pelvis. One patient with suboptimal
cytoreduction (more than 2 cm residual disease) developed liver recurrence within 3 months
and was still alive with disease at a follow-up of 6 months. The remaining patients were alive
and disease-free without recurrence at follow-up at 35, 34, 19, and 7 months.

Another study done in France [52] included 13 patients treated with cytoreduction and HIPEC
for management of endometrial cancer with peritoneal metastases. One patient was lost to
follow-up. Following HIPEC, three patients died before the first year, and two patients
approximately died at first year and first year and half, respectively. Three patients were alive
with disease, and 4 patients were alive without disease, between approximately 2 and 125
months period.

In the above-mentioned studies, disease-free survival and overall survival rates were largely
affected by degree of peritoneal cancer index, cytoreduction completeness and tumor pathol‐
ogy [43, 51, 52].

Despite promising results, almost all the existing studies are limited by their retrospective
study designs, lack of randomized controlled trials, short follow-up periods and small sample
sizes. This is an interesting arena for research and further studies are needed.

The logic for using HIPEC is chiefly attributed to the straightforward temperature-improved
cytotoxicity of the intraperitoneal chemotherapeutic agents [53, 54]. Moreover, HIPEC aims to
deeply penetrate the residual microscopic deposits [53, 54]― the primary source of surgical
failure and early recurrence rates [43, 51, 52, 55, 56] in recurrent endometrial cancer. Moreover,
HIPEC avoids the needless chemotherapy-related systemic toxicities while maximizing the
local concentrations [57]. The most frequently used HIPEC agents include cisplatin [58]
doxorubicin [59] and mitomycin C [60].

Generally, morbidity and mortality of cytoreduction and HIPEC are greatly influenced by the
surgeons’ expertise and learning curve [61]. A recent systematic review by Chua and collea‐
gues [62] demonstrated that the morbidity rate associated with cytoreduction and HIPEC
range from approximately 12% to 52%, whereas mortality rate range from 1% to 6%.
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3. The role of adjuvant radiation therapy in management of endometrial
cancer

The role of radiation therapy in management of endometrial cancer is still under investigation
with inconsistent findings and there are no solid conclusions. Improvement in disease-free
survival rates is noted only.

3.1. Pelvic external beam radiation therapy (EBRT)

The efficacy of adjuvant external beam radiotherapy (EBRT) was studied in five randomized
clinical trials [40, 41, 63-69]. Only ASTEC/EN.5 clinical trial included a substantial percentage
of patients with aggressive serous or clear cell histology (6.5%) [64]. Conversely, in all the other
remaining trials, endometrioid adenocarcinoma was the most predominant histology. All
trials demonstrated advantages of EBRT in terms of loco-regional control (disease-free
survival) only, but failed to yield any survival benefits. Furthermore, at a median follow-up
of 21 years, an update of Oslo trial demonstrated that patients under 60 years of age who were
administered adjuvant EBRT experienced lower overall survival rates and higher risks of
harboring secondary malignancies, as high as 30% [69]. Moreover, in the PORTEC trial,
patients who received EBRT had worse quality of life as opposed to the observation patients
[68]. The EBRT toxicities commonly involved the urogenital and gastro-intestinal tract systems
and included urinary leakage and urgency, in addition to frequent diarrheal attacks and stool
incontinence. These findings were endorsed in two recently published meta-analyses [70, 71].
Subgroups analyses were completed and demonstrated that EBRT had improved disease-free
survival in patients with high risk of recurrence (p=0.03), however, EBRT had harmful
outcomes on overall survival in patients with low or intermediate risk of recurrence (p=0.03)
[70]. Therefore, it can be concluded that adjuvant EBRT should be largely employed for
management of high-risk patients with primary advanced or recurrent endometrial cancer.
Moreover, long-term related toxicities of EBRT should be considered wisely when adjuvant
EBRT is selected for younger patients. EBRT should be selected in patients with high-risk
histological features, positive lymph nodes or primary advanced stage disease (III/IV) [28].
The suggested histopathological features for determining high-risk disease include: tumor
grade 3 (poorly differentiated), more than 50% of myometrial invasion, lymphovascular space
invasion, non-endometrioid histology (serous, clear cell, undifferentiated, small cell, anaplas‐
tic, etc), cervical stromal involvement, advanced stage disease (FIGO stage III and IV) and older
age (more than 60 years) [28].

3.2. Vaginal brachytherapy

The efficacy of adjuvant vaginal brachytherapy (VB) was evaluated in two randomized clinical
trials [72, 73]. Patients with serous or clear cell histology were exempted from the studies and
only patients with endometrioid adenocarcinomas were included. In low-risk patients with
endometrial cancer (stage IA−B, grades 1–2), vaginal brachytherapy did not add benefit over
observation [72]. However, in PORTEC-2 clinical trial, in high-intermediate risk patients,
vaginal brachytherapy was demonstrated to be non-inferior to EBRT and provided comparable
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loco-regional control (less than 2% at 5-year period for both arms), disease-free survival and
overall survival [63, 73]. Vaginal brachytherapy is associated with considerably fewer gastro-
intestinal tract toxicities (less diarrheal attacks and stool incontinence) and a better functioning
social quality of life [72-74]. Sorbe and colleagues [63] compared combination of EBRT and
brachytherapy versus brachytherapy alone: there was no 5-year overall survival benefit (89%
and 90%, respectively; p=0.548). However, the 5-year pelvic and loco-regional recurrences
were much more common in the vaginal brachytherapy alone group (1.5% and 5%, respec‐
tively; p=0.013). It was concluded that combined radiation therapy (EBRT and vaginal
brachytherapy) should possibly be reserved for high-risk patients, whereas vaginal brachy‐
therapy alone should be reserved for purely medium-risk patients.

In conclusion, vaginal brachytherapy, to a certain degree, effectively decreases the risk of
vaginal recurrence in patients with risk factors while minimizing the radiation-related
toxicities. In patients with early-stage endometrial cancer, vaginal brachytherapy should the
adjuvant treatment of choice over EBRT.

4. The role of adjuvant chemotherapy in management of endometrial
cancer

The role of adjuvant chemotherapy has been studied in patients with early-stage intermediate-
to-high risk endometrial cancer, as well as patients with primary advanced, inoperable or
recurrent late-stage endometrial cancer [39, 75-81]. The efficacy of postoperative chemotherapy
was studied in a total of nine randomized clinical trials [39, 75-81]. The following trials included
a substantial percentage of patients with the aggressive serous or clear cell histology: NSGO-
EORTC (37%), GOG122 (25%), GOG184 (18%) [39, 78, 81]; the vast majority of patients had
endometrioid adenocarcinoma histology.

Three clinical trials compared chemotherapy schedules with radiotherapy [39, 75, 76]. Two
randomized clinical trials compared between one group of patients receiving cyclophospha‐
mide–doxorubicin–cisplatin, and one group of patients receiving pelvic EBRT. There were no
benefits between both groups with respect to 5-year progression-free survival and overall
survival rates [75, 76]. Conversely, GOG122 trial demonstrated statistically significant 5-year
progression-free survival (50% and 38%, respectively; p=0.007) and overall survival (55% and
42%, respectively; p=0.004) rates between one group of patients receiving doxorubicin–
cisplatin, and one group of patients receiving EBRT. All patients studied in COG122 study had
advanced stage disease (III/IV) with less than 2 cm residual disease post-surgery [39].

Four clinical trials explored the advantage of adding a chemotherapy regimen to EBRT [77-79].
Three clinical trials (MaNGO ILIADE-III, Kuoppala and GOG34) demonstrated no progres‐
sion-free survival or overall survival benefits of combined treatment (chemotherapy plus
radiotherapy) versus EBRT alone. However, the NSGO-EORTC trial showed that postopera‐
tive chemotherapy was correlated with an improved 5-year progression-free survival rate (79%
and 72%; p=0.004), but not overall survival benefits [77]. There are discrepancies for the
reported results among studies and these can be attributed to the variances of treatment
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methods such as: percentage of patients with advanced stage disease (stage III–IV) and choice
of chemotherapy regimens. Therefore, such studies must be interpreted with caution.

However, overall, a recently published meta-analysis covering a total of nine clinical trials
showed that adjuvant chemotherapy was correlated with a statistically significant overall
survival benefit (HR=0.74 [95% CI: 0.62–0.89]; p=0.0009), associating with an absolute differ‐
ence of 3% in 5-year survival rate [80].

Two clinical trials endeavored to compare chemotherapy regimens and the superiority of
either of them in terms of progression-free survival or overall survival rates failed to take place
[81, 82]. Fujimura and colleagues [81] considered one group of patients with cyclophospha‐
mide–doxorubicin–cisplatin, and one group of patients with etoposide–cisplatin. Homesley
and colleagues (the GOG184 trial) [82] considered one group of patients for doxorubicin–
cisplatin–placitaxel, and one group of patients for doxorubicin–cisplatin. In this study, the
addition of paclitaxel to a cisplatin–doxorubicin regimen was accompanied with substantial
chemotherapy-related side effects, mainly neurologic and hematologic [82].

There is an ongoing randomized clinical trial GOG209 phase III (paclitaxel–carboplatin versus
paclitaxel–doxorubicin–cisplatin for management of recurrent/advanced endometrial cancer)
[83]. Preliminary findings demonstrated that carboplatin–placitaxel combination was not
inferior to doxorubicin–cisplatin–placitaxel with respect to progression-free survival (compa‐
rable median of 13-14 months; p >0.05) and overall survival (32 versus 38 months, respectively;
no statistical significant difference: p >0.05) and was associated with reduced toxicity: periph‐
eral neuropathic toxicity grade 2 or higher (19% versus 26%), thrombocytopenia (12% versus
23%), metabolic imbalances (8% versus 14%), vomiting (4% versus 7%) and diarrhea (2% versus
6%) [10]. However, in consideration of the paclitaxel–doxorubicin–cisplatin associated toxicity,
the combination of paclitaxel–carboplatin probably stands as the most preferred utilized
chemotherapy regimen, and its administration is supported by the GOG209 trial above [83]
and many other retrospective studies [51]. More studies are needed.

Previous studies have demonstrated that neoadjuvant chemotherapy with subsequent optimal
cytoreduction for patients presenting with primary advanced endometrial cancer yielded no
residual disease in 79% to 100% of all patients treated [84, 85]. Additional studies are needed.

5. The role of hormonal therapy in management of endometrial cancer

Many endometrial cancers express estrogen (ER) and progesterone (PR) receptors, and hence
hormonal therapy can be applied as reasonable therapeutic choice in patients with hormone
receptor-positive endometrial cancers. The presence of ER and PR receptors largely provides
a powerfully predictive value in evaluating therapeutic response to hormonal therapy.

Primary hormonal therapy (without surgical intervention) to preserve fertility in child-bearing
women with endometrial cancer has shown some degree of success, although the vast majority
of patients ended up receiving the definitive therapy (that is, total abdominal hysterectomy)
[86, 87]. As opposed to adjuvant radiotherapy, chemotherapy or combined radio-chemother‐
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apy, hormonal therapy is hardly ever considered as one of the “primary” adjuvant treatment
regimens in management of patients with endometrial cancer [86, 87]. Currently, hormonal
therapy is largely employed for management of patients with poor performance status or
recurrent/advanced/metastatic endometrial cancers, with the advantages of low morbidity,
few drug-related side effects and relatively suboptimal therapeutic response [86, 87].

The most frequently employed hormonal agents for management of endometrial cancer
include: progesterone/progestin, selective estrogen receptor modulators (SERMs), gonadotro‐
pin-releasing hormone (GnRH) agonists, and aromatase inhibitors [86-90].

5.1. Progesterone/progestin

Progesterone/progestin has been proven to be an effective inhibitor (suppressor) of endome‐
trial carcinogenesis mediated through estrogen exposure [91, 92].

Many retrospective studies and clinical trials have been conducted to evaluate the role of
multiple progestin-based hormonal therapy regimens in management of patients with
recurrent endometrial cancer. The most commonly used regimens are megestrol acetate (MA)
and medroxyprogesterone acetate (MPA).

In 1996, a meta-analysis of 6 randomized trials comprising a sum of 3339 patients with
endometrial cancer failed to produce any survival benefits when adjuvant progesterone/
progestin therapy was administered [93]. Moreover, a successively reported randomized
clinical trial recruiting more than 1000 patients with endometrial cancer also failed to produce
any survival benefits when adjuvant progesterone/progestin therapy was administered [94].
Furthermore, in 2011, a recently published Cochrane meta-analysis demonstrated no survival
benefits of adjuvant progesterone/progestin in 4556 patients with endometrial cancer [95]

5.2. Selective estrogen receptor modulators (SERMs)

The expression of ER in endometrial cancer justifies the use of selective estrogen receptor
modulators (SERMS), such as tamoxifen and raloxifene [96]. The tamoxifen-induced increased
risk of developing endometrial cancer is a well-known adverse effect and must always be
considered in mind [97], as opposed to raloxifene that is not associated with any endometrial
cancer risk.

Thigpen and partners [98] used adjuvant tamoxifen (2 doses of 20 mg/day) in management of
patients with recurrent and advanced endometrial cancer. The response rate was 10%. The
median progression-free survival and overall survival rates were roughly 2 and 9 months,
respectively. Raloxifene produced equally unsatisfactory results.

Arzoxifene is a modified drug of raloxifene. Two phase II clinical trials by McMeekin et al. [99]
and Burke et al. [100] explored the role of adjuvant arzoxifene (20 mg/day) for management
of patients with recurrent, metastatic and advanced endometrial cancer. The response rates
were 25% and 31%, respectively. The median response periods were approximately 19.3 and
12.9 months, respectively.
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Rendina and associates [101] compared the efficacy of adjuvant tamoxifen versus MPA in
patients with recurrent endometrial cancer, and response rates were roughly 53% and 56%,
respectively.

Pandya et al. [102] randomized 20 patients and 42 patients with endometrial cancer to receive
MA (standard progestin) and combination of MA plus tamoxifen, respectively. The response
rates were 20% (1 complete and 3 partial responses) and 19% (1 complete and 7 partial
responses), respectively. It was decided that the combination of MA plus tamoxifen did not
yield clinical benefits over MA alone in management of patients with advanced endometrial
cancer.

Whitney et al. [103] in a phase II trial of MPA (200 mg/week) plus tamoxifen (40 mg/day) in
patients with advanced and recurrent endometrial cancer demonstrated a 33% response rate
(13 partial and 6 complete responses among a total of 58 patients). The median progression-
free survival and overall survival were 3 month and 13 months, respectively. It was concluded
that daily tamoxifen (40 mg/day) and alternating weekly MPA (200 mg/week) constitutes an
effective therapeutic regimen in management of patients with recurrent and advanced
endometrial cancer.

5.3. Gonadotropin-releasing hormone (GnRH) agonists

Gonadotropin-releasing hormone (GnRH) agonists can effectively suppress estrogen produc‐
tion levels by ovarian cells ― a process mediated by down-regulation of GnRH receptors [87].
Multiple studies in the United Kingdom explored the usefulness of GnRH agonists in the
management of patients with recurrent endometrial cancer [104, 105]. In a phase II clinical trial,
6 out of 17 patients (35%) experienced a response rate at a median of 20 months without drug-
related toxicities [104]. A long-term follow-up study, five years afterwards, the same research
team documented that the response rate was 28% in 32 patients with recurrent endometrial
cancer [105]. The response rate was higher in the previously irradiated regions (35%) versus
non-irradiated regions (28%) of relapse. The study concluded that utilization of GnRH agonists
greatly exhibit beneficial anti-cancer outcomes in patients with recurrent and advanced
endometrial cancer, particularly in those patients who received previous radiation therapy.

Another GOG clinical trial explored the influence of Goserelin acetate (GnRH agonist) in 42
patients with advanced and recurrent endometrial cancer. A total of 5 patients (11%) experi‐
enced a response rate. The median progression-free survival and overall survival rates were
roughly 2 and 7.3 months, respectively [106].

5.4. Aromatase inhibitors (AIs)

Aromatase inhibitors (AIs), such as anastrozole and letrozole, directly block the aromatase
enzyme, and subsequently decrease the estrogen production and suppress its estrogen-driven
neoplastic endometrial proliferation [87].

A phase II clinical trial by Rose and colleagues [107] studied the efficacy of anastrozole (1 mg
a day for 28 days) in 23 patients with advanced or recurrent endometrial cancer. The response
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rate was 9% and progression-free interval ranged from 1 to 6 months. Despite the drug-related
adverse events were well-tolerated, it was concluded that anastrozole does not offer any
survival advantages.

Another multi-center phase II clinical trial by Ma and colleagues [108] studied the effect of
letrozole in 28 patients with metastatic or recurrent endometrial cancer who previously
received progestin-based and/or chemotherapy regimens. One patient (3.6%), two patients
(7.1%) and eleven patients (39%) experienced a complete response, a partial response and a
median 6.7-month stable disease, respectively. The median time to progression and overall
survival were approximately 4 and 9 months, respectively. The most frequently encountered
drug-related adverse events in a descending order were: hot flashes, grade I and II (28%),
followed by fatigue and anemia

In short, it can be concluded that AIs greatly failed to offer survival benefits in management
of patients with endometrial cancer

6. The role of molecular-target therapy in management of endometrial

As opposed to conventional cytotoxic drugs, molecular-targeted cytotoxic drugs are able to
differentiate between normal cells and cancerous cells, and therefore specifically damage only
the cancerous cells by inhibiting the cellular molecules/pathways associated with neoplastic
proliferation and metastasis [109].

6.1. Mammalian target of rapamycin (mTOR) inhibitors

PTEN genetic mutations are associated with reduced apoptosis and are implicated in more
than 80% of endometrioid cancer of the uterus [109].  The effects of PTEN genetic muta‐
tions can be decreased by utilizing mammalian target of rapamycin (mTOR) inhibitors (for
example, temsirolimus, ridaforolimus, everolimus, and AP2357) by interrupting phosphoi‐
nositide 3-kinase̸AKT̸mTOR pathway [109, 110]. In a phase II clinical trial of temsiroli‐
mus in previously chemotherapy-untreated patients with recurrent endometrial cancer, 26%
and 63% of patients experienced partial response and stable disease, respectively [111]. In
a phase II clinical trial of temsirolimus in previously chemotherapy-treated patients with
recurrent  endometrial  cancer,  7% and 44% of  patients  experienced partial  response  and
stable disease, respectively [112].

In a phase II clinical trial of ridaforolimus as a single agent in patients with advanced endo‐
metrial cancer, a total 29% of patients experienced clinical beneficial response in the form of
complete response, partial response or prolonged stable disease for more than 16 weeks [113].

In a phase II clinical trial of everolimus as a single agent in patients with recurrent endometrial
cancer, 21% of patients experienced confirmed clinical beneficial response in the form of
complete response, partial response or prolonged stable disease at 20 weeks after therapy [114].

There is an ongoing randomized controlled trial single-agent temsirolimus versus a combina‐
tion of temsirolimus and hormonal therapy [109]
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6.2. Human Epidermal Growth Factor Receptor (EGFR) Inhibitors

Epidermal Growth Factor Receptor (EGFR) is frequently expressed in normal endometrial
tissues; however, its overexpression is correlated with advanced endometrial cancer and poor
prognosis [110]. Examples of EGFR inhibtors include erlotinib and gefitinib, both of which are
low-molecular weight tyrosine kinase inhibitors.

In a phase II clinical trial of erlotinib in 23 patients with recurrent endometrial cancer, only one
patient (4.3%) experienced partial response [115]. In a phase II clinical trial of gefitinib in 29
patients with recurrent endometrial cancer, only one patient (3.4%) experienced complete
response [116].

Cetuximab is a monoclonal antibody targeted against EGFR. A phase II clinical trial of
cetuximab in management of recurrent endometrial cancer is still ongoing [110].

Trastuzumab belongs to human EGFR type 2 (HER-2)-related inhibitors [110]. HER-2 overex‐
pression is implicated in the development of advanced endometrial cancer and poor prognosis
[117, 118], and specifically found in up to 20-30% of patients with serous endometrial cancer
[119]. A phase II clinical trial of trastuzumab in 33 patients with HER-2 amplified recurrent/
advanced endometrial cancer did not result in any clinical beneficial response [120]

Lapatinib is an inhibitor targeting EGFR and HER-2 receptors. A phase II clinical trial of
lapatinib in management of recurrent endometrial cancer is still ongoing [110].

6.3. Angiogenesis Inhibitors

Vascular  Endothelial  Growth  Factor  (VEGF)  plays  central  roles  in  angiogenesis  and
overexpression  is  a  feature  in  advanced  endometrial  cancer  and  correlated  with  poor
prognosis [110, 121].

In a phase II clinical trial of single agent bevacizumab (a recombinant humanized immuno‐
globulin monoclonal antibody targeted against VEGF) in 52 patients with recurrent endome‐
trial cancer, only 7 patients (around 14%) showed complete/partial response at 6 months
following treatment. The median progression-free survival and overall survival were roughly
4 and 11 months, respectively. The adverse side effects were tolerated [122]. Wright and
colleagues [123] studied the role of bevacizumab in 10 patients with recurrent endometrial
cancer. Only two (20%) and three (30%) patients responded to treatment and experienced
stable disease, respectively. A GOG 229-E phase II clinical trial of single-agent bevacizumab,
and GOG 229-G phase II clinical trial of a combination of bevacizumab and temsirolimus in
management of patients with metastatic endometrial cancer are still ongoing [109, 110].

Aflibercept is a fusion protein with high-affinity against VEGF receptors [110]. In a phase II
clinical trial of single agent Aflibercept in 44 patients with recurrent endometrial cancer, only
3 patients (around 8%) experienced partial response. Moreover, 18 patients (41%) experienced
progression-free survival of 6 months; however, of these, 8 patients had to withdraw afliber‐
cept secondary to drug-related adverse events. The median progression-free survival and
overall survival were roughly 3 and 15 months, respectively [124].
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Thalidomide possesses anti-angiogenetic action [110]. In a phase II clinical trial in 24 patients
with chemotherapy-unresponsive recurrent endometrial cancer, 3 patients (12.5%) experi‐
enced partial response and 2 patients (8.3%) had a progression-free survival of more than 6
months. The median progression-free survival and overall survival were roughly 1.7 and 6.3
months, respectively [125].

Sunitinib is a multi-kinase inhibitor with an anti-angiogenetic action. It is currently under
investigation in clinical trials to assess its effectiveness in management of patients with
recurrent endometrial cancer [109, 110].

The existing response rates to molecular-targeted regimen as single-agent treatment are largely
insignificant and additional randomized clinical trials are necessary, probably with a combi‐
nation of currently available treatments and an exploration for elements influencing molecular
targeted drug sensitivity.

7. Conclusion

• Management of endometrial cancer is challenging.

• Endometrial cancer is primarily treated with surgical staging.

• Comprehensive surgical staging for endometrial cancer is recommended (total hysterecto‐
my, bilateral salpingooophorectomy, peritoneal cytology, intraoperative bilateral pelvic
and para-aortic lymph node dissection). It allows accurate delineation of the extent of the
disease and subsequently allows identifying patients who may benefit from adjuvant
therapy.

• The extent of lymph node dissection (bilateral pelvic and/or para-aortic) in surgical staging
of patients with endometrial cancer, regardless of FIGO staging, remains controversial.

• As opposed to laparotomy, conventional laparoscopy ―whenever technically possible―
should be considered as the recommended (primary) approach for comprehensive surgical
staging in patients with endometrial cancer

• For patients with recurrent endometrial cancer, optimal cytoreduction (even if multiple) is
associated with increased disease-progression survival.

• For patients with recurrent endometrial cancer and peritoneal metastasis, the role of
hyperthemic intraperitoneal chemotherapy is still experimental. Despite initial promising
results, additional studies are needed.

• For high-risk patients with endometrial cancer, adjuvant treatment (radiation therapy,
chemotherapy, or both) is recommended, and appropriate selection of patients for adjuvant
therapy is critical.

• For high-risk patients with endometrial cancer, adjuvant pelvic external beam radiation
therapy is recommended over vaginal brachytherapy. Conversely, in low-risk patients with
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endometrial cancer, adjuvant vaginal brachytherapy, and not external beam radiation
therapy, should be primarily used (if deem necessary by treating physicans). Radiation
therapy can improve disease-free survival.

• For high-risk patients with endometrial cancer, carboplatin―placitaxel adjuvant chemo‐
therapeutic regimen is recommend over the standard doxorubicin―cisplatin (with or
without placitaxel) chemotherapeutic regimen, due to its well-tolerated drug-related
adverse effects and non-inferiority to the standard chemotherapeutic regimen. It is associ‐
ated with improved disease-free survival.

• For high-risk patients with endometrial cancer, a combination therapy of radiation therapy
and chemotherapy could probably decrease the disease progression and overall death.

• Hormonal therapy is not recommended, and its use should be restricted to clinical trials.

• Molecular-targeted therapy is not recommended, and its use should be restricted to clinical
trials.

• Long-term follow-up of patients is necessary.

• Further randomized controlled clinical trials are needed.
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1. Introduction

Endometrial cancer is a potentially preventable disease but still many new cases occur each
year. In the USA, the incidence of endometrial cancer has increased by more than 30% over
the past 20 years. [1] Globally, about 4% of all cancers in women are endometrial cancers that
occur predominantly in postmenopausal women, although many are now also diagnosed in
younger women. [2] It is the leading gynecological malignancy with approximately 47,130
women diagnosed in 2012 in the USA. [3] Endometrial cancer is often diagnosed at an early
stage due to abnormal vaginal bleeding which occurs as a prominent clinical feature in most
women. Two types of endometrial cancer can be distinguished. Type 1, occurring in approx‐
imately 80% of women, carries a better prognosis, has predominantly endometrioid histology
and is well or moderately differentiated (grading G1-G2), and Type 2 includes worse progno‐
sis, poorly differentiated (grade G3) carcinomas, like serous and clear cell carcinomas. [4] The
epidemiology of Type 1 endometrial cancer is fairly well understood: 1) prolonged unopposed
estrogen exposure is the endocrine background of this hormonally regulated neoplasm; 2)
hereditary factors are associated with an increased risk and high parity and later age at last
birth are protective [5, 6]; 3) the role of obesity as an important risk factor is well established;
4) combined oral contraceptives are protective, whereas 5) hormone replacement therapy
(HRT) in the menopause is an important risk factor and the risk increases markedly with the
use of estrogen only and sequential HRT. Understanding the causative role of these conditions
constitutes the basis for prevention strategies. The rising obesity epidemic and decreased
fertility are likely to result in a higher incidence of endometrial cancer and may become an
important public health problem globally in the coming years. This communication will focus
on the risk groups and will formulate some strategies for the prevention of cancer of the
endometrium in women at increased risk.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



2. Risk factors for endometrial cancer

2.1. Hormone replacement therapy

The primary role of progestin in postmenopausal estrogen therapy is endometrial protection
to prevent hyperplasia. [7] Prior to the widespread use of combined estrogen-progestin
therapy (EPT), the risk of developing hyperplasia due to unopposed estrogen stimulation was
substantial. Endometrial hyperplasia in postmenopausal women with an intact uterus, treated
with unopposed oral estrogen, was found in 20% of women during the first year and in 62%
after 3 years of estrogen therapy (ET). [8] In support of this finding, in the Postmenoapausal
Estrogen/Progestin Intervention Trial, 62% of women who received only estrogen (0.625 mg
of conjugated equine estrogen orally daily) developed endometrial hyperplasia. One third of
these women had complex hyperplasia with or without atypia. [9] Hyperplasia is characterized
by a proliferation of the endometrial glands. In non-atypical hyperplasia, the glands are
outgrown yet normal, but in atypical hyperplasia glandular abnormality is already present
both structurally and at cellular level. [10] Non-atypical hyperplasia rarely progresses to more
severe conditions. Atypical adenomatous hyperplasia, on the other hand, has been observed
to progress to adenocarcinoma of the uterus in 29% of cases. [11]

Progestins should, therefore, be added to ET in all postmenopausal women with an intact
uterus. Since the mid-1980s, EPT has increasingly been prescribed. The North American
Menopause Society reviewed the types of EPT regimen used in the USA and concluded that
standard regimens provide adequate endometrial protection. [7] A Cochrane review devoted
to this subject also came to the conclusion that the addition of an oral progestin to ET, admin‐
istered either continuous cyclic or continuous combined, is associated with reduced rates of
hyperplasia. [12] An important drawback of postmenopausal EPT is the occurrence of
withdrawal or breakthrough bleedings. Withdrawal uterine bleedings occur in 80% of women
using cyclic EPT. Continuous combined regimens avoid withdrawal bleeding, but break‐
through bleeding has been observed in up to 40% of women during the first 6 months. Most
postmenopausal women dislike breakthrough bleedings and this is the most common reason
for discontinuation and non-adherence to the treatment regimen. With EPT, therefore,
irregular bleeding should be kept to a minimum. Depending on the EPT type, dose and route
of administration, progestins may have adverse effects on the cardiovascular system, coagu‐
lation and breast tissue. The Women’s Health Initiative (WHI) reported an increased risk for
heart disease, stroke and breast cancer. [13] Since these adverse effects were not observed with
ET alone, it is speculated that adding progestins may diminish the beneficial effects on
atherosclerosis, vasodilatation and plasma lipids and may contribute to the increased risk of
breast cancer. Indeed, the WHI study suggests that EPT may stimulate breast cancer growth
and hinder breast cancer diagnosis due to increased mammographic density when a progestin
is added to ET. [14, 15] This was confirmed in the Million Women Study and other studies, in
particular a Swedish cohort study. [16, 17, 18]

Intrauterine-administered progestin, such as levonorgestrel (LNG), delivered directly to the
target cells of the endometrium, has a profound suppressive effect on endometrial growth
rendering the endometrium inactive and simultaneously eliminating uterine bleeding. [19,
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20] Pharmacokinetic studies with an intrauterine system (IUS) releasing 20 µg of LNG/day
(Mirena®; Bayer AG, Germany) have shown substantially lower plasma LNG concentrations
than those seen with a subdermal LNG implant (Norplant®; Pfizer Pharmaceuticals Inc, USA),
the combined oral contraceptive pill and the mini-pill; moreover, unlike with oral contracep‐
tives, LNG levels with the Mirena LNG-IUS do not display peaks and troughs. [21] This is
important because the low plasma levels may have a significantly lower impact on organs and
tissues, such as the breast, coagulation system, and cardiovascular system.

Studies conducted by us and by others using continuous combined estrogen plus low-dose
LNG-IUS after 5 years of use in postmenopausal women, provided data on the endometrial
morphology to verify endometrial safety. The main objective of these studies was to evaluate
an alternative route of progestin administration in postmenopausal women using ET. They
suggest that continuous combined ET with intrauterine delivery of a progestin was highly
accepted by the participating women. The rationale of the development of LNG-IUSs specifi‐
cally for postmenopausal women is to minimize the potential adverse systemic effects. As
progestins are required only to oppose the stimulating effects of estrogens on the endometri‐
um, locally acting progestins, by definition, could avoid these unwanted metabolic effects.
Intrauterine LNG delivery with low-dose systems, even though minimal absorption may
occur, should be regarded as essentially locally acting. This regimen also offers important
additional benefits that could be exploited, such as high adherence to treatment and a low
discontinuation rate because of bleeding problems and progestin-like side effects. In addition,
a LNG-IUS that adapts to the decreasing dimensions of the uterus gradually reduced in size
due to the suppressive effect of LNG and the decreasing levels of endogenous estrogen, will
be optimally tolerated by the women. [22, 23]

2.2. Polycystic ovary syndrome

Women with polycystic ovary syndrome (PCOS) are about three times more likely to develop
endometrial cancer compared with women without this condition. [24] PCOS affects approx‐
imately 5 to 10% of women of reproductive age. The disorder is characterized by a disruption
of normal reproductive physiology and should be diagnosed in women with oligomenorrhea
or amenoorrhea, hyperandrogenemia and polycystic ovaries defined by ultrasonography after
exclusion of medical conditions that cause irregular menstrual cycles and androgen excess.
[25] Women with PCOS have a higher prevalence of obesity, impaired glucose tolerance and
type 2 diabetes. They are at risk of cardiovascular disease and often have features of metabolic
syndrome, including hypertension, dyslipidemia, visceral obesity and insulin resistence. [26]
Women with PCOS should, therefore, be screened for type 2 diabetes and for cardiovascular
risk by fasting glucose followed by a glucose tolerance test, BMI, fasting lipid and lipoprotein
levels, and other metabolic syndrome risk factors. The condition that makes PCOS patients
vulnerable to endometrial cancer is chronic anovulation as prolonged exposure to unopposed
estrogen can lead to endometrial hyperplasia and cancer. It is important to identify individuals
at risk at an early stage.

From 2 to 14% of patients diagnosed with endometrial cancer are women younger than 40 and
the diagnosis is typically associated with the detection of an accompanying hyperestrogenic
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state. [25] According to studies in the United States, an estimated prevalence in very young
women is 0.8%. [27, 28] A comprehensive review of PCOS was published by the American
College of Obstetricians and Gynecologists. [29] Of note, PCOS can occur both in normal
weight and overweight women. Yet classically, the young woman with endometrial hyper‐
plasia or cancer is obese and nulliparous but, recently, several studies found up to 50% of
women with endometrial cancer to be slender and with regular menstrual cycles. The pro‐
portion of estrogen and progesterone receptor positivity is similar in both obese and slim
patients. Such women should be evaluated for concurrent ovarian malignancy (see Lynch
syndrome below) which occurs in some studies in approximately 10% of cases. Therefore, 3-
D ultrasound and magnetic resonance imaging (MRI) can be valuable additions in the
diagnosis and staging of these patients.

2.3. Excessive body mass: Overweight and obesity

Obesity has become a major public health problem on a global scale. Overweight and obesity
are not only an established risk factor for cardiovascular disease and type 2 diabetes; they are
also an important risk factor for the development of endometrial cancer. [30] Renehan at al.
found that each increase in BMI of 5 kg/m2 significantly increased a woman’s risk for the
development of endometrial cancer. [31] Estrogen is a known endometrial growth factor in
these women. The excess estrogens originate mostly from the conversion of androstenedione
to estrone and testosterone to estradiol by peripheral adipose tissue. [32] Consequently, in
obese postmenopausal women, adipose tissue becomes the primary source of circulating
estrogen. Concentrations of estrogens in the adipose tissue have been measured at levels
several-fold above that observed in plasma. Also, higher levels of insulin in obese women
contribute to the increased risk for endometrial cancer as insulin demonstrates mitotic and
antiapoptotic activity. Furthermore, serum sex hormone-binding globulin (SHBG) levels
decrease with increasing adiposity, thus rising the fraction of circulating unbound estrogen.

The relationship between obesity and endometrial cancer has been well studied and has been
acknowledged as a risk factor in women over 30 years of age. A strong association between
early age at diagnosis and Type 1 endometrial cancer was found. The relationship was linear,
suggesting that as obesity becomes more severe, the underlying carcinogenic mechanisms are
more vividly activated. [4] There is limited public knowledge of the relationship between
obesity and cancer risk. Making the data available to overweight and obese women could be
useful to inform them about the risks which could affect their lives at an early age, and about
the steps they could undertake to reduce or eliminate this risk, since prevention and other risk
reduction strategies in the obese/overweight female population are possible with a high degree
of success.

2.4. Lynch syndrome

Lynch syndrome is one of the most common cancer predisposition syndromes estimated to
affect as many as 1 in 370 individuals. [33, 34] Often called hereditary nonpolyposis colorectal
cancer it is an inherited disorder that increases the risk of many types of cancer, particularly
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cancers of the colon and rectum, which are collectively referred to as colorectal cancer.
Individuals with Lynch syndrome also have an increased risk for cancers of the stomach, small
intestine, liver, gallbladder ducts, upper urinary tract, brain, and skin. Additionally, women
with this disorder have a high risk for cancer of the ovaries and endometrium. Patients with
Lynch syndrome may occasionally have noncancerous polyps in the colon. For many women
with Lynch syndrome, the risk for endometrial cancer is comparable or even exceeds their risk
for colorectal cancer. In the United States, about 140,000 new cases of colorectal cancer are
diagnosed each year. Approximately 3 to 5 percent of these cancers are caused by Lynch
syndrome. Estimates suggest that as many as 1 in 10 young age (< 50) endometrial cancers are
associated with Lynch syndrome. Broader knowledge of population carrier frequency for
DNA mismatch repair gene mutations could contribute to the understanding of the burden of
cancer due to genetic susceptibility, but robust prevalence estimates are lacking. The lifetime
endometrial cancer risk is between 27% and 71% which exceeds that of colorectal cancer. Mean
age of occurrence is approximately 50 years (62 years in non-Lynch) and 18% are diagnosed
under the age of 40 years. Practical guidelines for Lynch syndrome and early detection can be
found via website: http://ghr.nlm.nih.gov/condition/lynch-syndrome. We are of opinion that
women diagnosed with Lynch syndrome should be counseled on and consider the prophy‐
lactic long-term use of a LNG-IUS in relation to their increased endometrial cancer risk.

2.5. Tamoxifen adjuvant treatment for breast cancer

The long-term recurrence and mortality rates of breast cancer have been substantially reduced
due to adjuvant treatment with tamoxifen. Tamoxifen is a selective estrogen receptor modu‐
lator (see Table 1) which exerts an anti-estrogenic effect on mammary tissue. [35] However, it
also induces endometrial proliferation and women using tamoxifen harbor significantly more
endometrial polyps than other women of which up to 36% could have hyperplasia or cancer.
[36] The prophylactic use of LNG-IUS in women with breast cancer treated with tamoxifen is
still controversial as the effect of the progestin released from the device on breast cancer
recurrence remains uncertain notwithstanding the significantly reduced incidence of endo‐
metrial polyps. [37] Nonetheless, in the future, this situation could be clarified by the advent
of an intrauterine system impregnated with a selective progesterone receptor modulator
(SPRM; see Table 2) that would demonstrate powerful progestin action on the endometrium
without any stimulatory, if not purely inhibitory, properties with regards to hormonally
sensitive breast glandular tissue.

Compound Commercial name(s) Principal indication(s)

Clomiphene Clomid, Clomifen Ovulation induction

Tamoxifen Tamoxiphene, Nolvadex Breast cancer

Raloxifene Evista Breast cancer, osteoporosis

DT56a Femarelle, Tofupill Menopause, osteoporosis

Table 1. Examples of selective estrogen receptor modulators, or SERMs, for the use in the clinical setting.
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Compound Commercial names Principal indications

Ulipristal Ella, ellaOne, Esmya Emergency contraception,
uterine leiomyomas

Asoprisnil (J867) Investigational
- no commercial name given

Uterine leiomyomas,
endometriosis

Telapristone (CDB-4124) Investigational
- bears names: Progenta, Proellex

Uterine leiomyomas,
endometriosis

Table 2. Examples of selective progesterone receptor modulators, or SPRMs, for the use in the clinical setting.

3. Biology of progesterone and progestins

The endometrium is highly sensitive to sex steroid hormones. Estrogens cause endometrial
proliferation and progesterone inhibits this growth by converting the endometrium to its
secretory stage to prepare the uterus for implantation. In relation to endometrial protection,
progesterone is the key inhibitor of carcinogenesis. The balance between the estrogen and
progesterone activity during the menstrual cycle must be precisely maintained as an increase
in the estrogen activity and/or a reduction in the antagonistic activity by progesterone will
stimulate carcinogenesis. Estrogens act upon the endometrium through estrogen receptors
(ERs), resulting in the induction of growth factors such as the epidermal growth factor, insulin-
like growth factor-1 and growth-enhancing protooncogenes c-fos and c-myc. Besides these
genomic effects of estrogens in the endometrium, estrogens exert nongenomic effects via
activation of the PI3K/Akt prosurvival signaling pathway. Progesterone acts by binding to
progesterone receptors (PRs), thus regulating multiple signaling pathways through PR-
dependent transcriptional activity. In addition to ligand-mediated regulation, PR activity is
also modulated by a variety of factors including microRNAs and epigenetic factors. [38]
Despite their high degree of sequence identity, the PR isoforms maintain a number of unique
biological functions, including: differences in transcriptional activity, ligand response, gene
regulation, and tissue-specific physiological effects. [39] Unbeneficial role of some progestins
is highlighted by the finding that medroxyprogesterone acetate, a widely used and quite
powerful progestin, stimulates vascular thrombin receptor in vitro, thus being capable of
triggering thromboembolic events. [40, 41]

4. Biology of progesterone receptor antagonists ― Potentially stronger
acting compounds?

Following the discovery of the antiprogestin mifepristone, hundreds of similar compounds
have been synthesized, which can be grouped in a large family of PR ligands. This family
includes pure agonists, such as progesterone itself and progestins, and, at the other end of the
biological spectrum, pure progesterone antagonists (PAs). An intermediate position of the
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spectrum is occupied by SPRMs which demonstrate mixed agonist–antagonist properties.
These compounds have numerous applications in healthcare of women.

Most PAs and SPRMs display direct antiproliferative effects in the endometrium when given
orally, although with variable strength being compound- and dose-dependent. PAs can also
be released using an IUS and induce endometrial atrophy in nonhuman primates. PAs and
SPRMs have two important effects in primates: 1) they suppress endometrial growth by
blocking the action of progesterone on endometrial progestational development and conse‐
quently induce amenorrhea; and 2) they suppress the proliferative effects of estrogen on
endometrial proliferation and prevent unopposed action on this tissue. [42] These properties
indicate the potential for clinical applications of these compounds which cover a broad field
and are very promising in major public health areas. These include emergency contraception,
long-term estrogen-free contraception (administered alone, or in association with a progestin-
only pill to improve bleeding patterns), uterine leiomyomas (where they induce a marked
reduction in tumor volume and produce amenorrhea) and endometriosis. Further develop‐
ments might also include the treatment of hormone-dependent tumors. [43, 44]

5. Rationale for prevention using levonorgestrel-releasing intrauterine
system

The first beneficial results with frameless FibroPlant® (Contrel Research, Ghent, Belgium)
LNG-IUS in women with non-atypical and atypical endometrial hyperplasia were published
in 2003. [45] Later, several reports followed using the framed Femilis® (Contrel Research) LNG-
IUS and included two cases of endometrial carcinoma, all successfully managed. [46, 47] No
failures occurred during follow-up for many years. The numbers were small but indicative of
the extraordinary impact of LNG to suppress the hyperplastic and atypical endometrium.

The risk of developing cancer in women with atypical endometrial hyperplasia untreated
for  20  years  is  between  8.6  and  42.5%.  [48]  In  contrast,  less  than  5%  of  women  with
nonatypical endometrial hyperplasia will experience progression to carcinoma. The lower
risk for women with nonatypical than atypical hyperplasia can assist in decision making
for  nonsurgical  management  of  endometrial  hyperplasia.  The  higher  risks  with  atypical
hyperplasia progressing to carcinoma warrant consideration of appropriate approaches as
concurrent carcinoma among patients with atypical endometrial hyperplasia can range from
17 to 52% across studies. [49]

The standard treatment for endometrial hyperplasia with atypia or early stage (pT1a) adeno‐
carcinoma of the endometrium is staging hysterectomy with bilateral oophorectomy. It is
rather clear that for many young women who wish to preserve their fertility, such a decision
is unacceptable. Studies using LNG-IUS releasing 20 µg of LNG/day indicate that successful
treatment is possible especially when such potent progestins as LNG are administered.
Intrauterine route of delivery appears much more effective than oral administration. [50, 51,
52] Successful treatment of early endometrial carcinoma has been reported with a 65 µg/day
progesterone-releasing IUS, followed up to 36 months, yet, results of biopsies were negative
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only in 7 of 11 at 6 months and 6 of 8 at 12 months. [8] A significant reduction of the ERs and
PRs expression observed during treatment with the LNG-IUS appears to be a marker for the
strong antiproliferative effect of the hormone at the cellular level. Furthermore, as the treat‐
ment is continuous, compliance is not an issue.

The most common source of endogenous unopposed estrogen is chronic anovulation which
can be accompanied by either continued ovarian secretion of estradiol or conversion of
circulating androstenedione and testosterone to estrone and estradiol, respectively, by
aromatase in the adipocytes. Chronic anovulation is a feature of PCOS and is also a condition
occurring frequently in the perimenopause. In all these women, whether they have a hyper‐
plastic condition due to exogenous or endogenous excess estrogen, direct delivery of LNG to
the target cells of the endometrium using an intrauterine device will cause substantial
histologic changes. The result is usually a very uniform suppression of the endometrium,
regardless of the duration of treatment, the histologic picture being independent of the distance
from the delivery system. [53] Intrauterine progestin delivery, particularly LNG, is therefore
probably the most effective intervention in preventing endometrial proliferation because of
the uniform suppression of the endometrium throughout the whole thickness of the mucosa
caused by the high tissue concentrations of the locally applied hormone. With oral progestin
therapy, a higher rate of residual hyperplasia, including complex and atypical hyperplasia,
has been observed. [54] It has been demonstrated that the duration of the progestin adminis‐
tration is more important than the daily dose for prevention of endometrial hyperplasia. Again,
continuous intrauterine progestin delivery seems optimal. [55]

Over the past 5 to 10 years many reports on the management of atypical endometrial hyper‐
plasia and early cancer of the endometrium with LNG-IUS have been published. [56-63]
Remissions were frequent, but also failures occurred. Some consider that at present there is no
sufficient evidence because most studies were underpowered or contained a high proportion
of patients lost to follow-up. [64] A meta-analysis and systematic review of the literature
concludes that the available evidence suggests that treatment with oral or intrauterine
progestin are of comparable effectiveness. The risk of progression during treatment is small,
but longer follow-up is required. [65] As recently highlighted by Scarselli et al., who followed
patients for over 15 years, LNG-IUS represents an option to treat hyperplasia and prevent
endometrial carcinoma in at least 85% of patients. [66] Consistent with that study, in order to
support stable regression over long periods of time, we recommend continued preventive
LNG-IUS use on a life-long basis using a suitable LNG-IUS as the uterine cavity is often very
small. Annual assessment of the endometrial thickness by ultrasound is probably sufficient
unless vaginal bleeding occurs.

6. Concluding remarks ― The future

Endometrial cancer is the fourth most common malignancy in women. Many women die each
year of this potentially preventive disease. Uterine precancerous conditions and even early
endometrioid cancer of the endometrium have a reasonably studied potential to respond to
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The most common source of endogenous unopposed estrogen is chronic anovulation which
can be accompanied by either continued ovarian secretion of estradiol or conversion of
circulating androstenedione and testosterone to estrone and estradiol, respectively, by
aromatase in the adipocytes. Chronic anovulation is a feature of PCOS and is also a condition
occurring frequently in the perimenopause. In all these women, whether they have a hyper‐
plastic condition due to exogenous or endogenous excess estrogen, direct delivery of LNG to
the target cells of the endometrium using an intrauterine device will cause substantial
histologic changes. The result is usually a very uniform suppression of the endometrium,
regardless of the duration of treatment, the histologic picture being independent of the distance
from the delivery system. [53] Intrauterine progestin delivery, particularly LNG, is therefore
probably the most effective intervention in preventing endometrial proliferation because of
the uniform suppression of the endometrium throughout the whole thickness of the mucosa
caused by the high tissue concentrations of the locally applied hormone. With oral progestin
therapy, a higher rate of residual hyperplasia, including complex and atypical hyperplasia,
has been observed. [54] It has been demonstrated that the duration of the progestin adminis‐
tration is more important than the daily dose for prevention of endometrial hyperplasia. Again,
continuous intrauterine progestin delivery seems optimal. [55]

Over the past 5 to 10 years many reports on the management of atypical endometrial hyper‐
plasia and early cancer of the endometrium with LNG-IUS have been published. [56-63]
Remissions were frequent, but also failures occurred. Some consider that at present there is no
sufficient evidence because most studies were underpowered or contained a high proportion
of patients lost to follow-up. [64] A meta-analysis and systematic review of the literature
concludes that the available evidence suggests that treatment with oral or intrauterine
progestin are of comparable effectiveness. The risk of progression during treatment is small,
but longer follow-up is required. [65] As recently highlighted by Scarselli et al., who followed
patients for over 15 years, LNG-IUS represents an option to treat hyperplasia and prevent
endometrial carcinoma in at least 85% of patients. [66] Consistent with that study, in order to
support stable regression over long periods of time, we recommend continued preventive
LNG-IUS use on a life-long basis using a suitable LNG-IUS as the uterine cavity is often very
small. Annual assessment of the endometrial thickness by ultrasound is probably sufficient
unless vaginal bleeding occurs.

6. Concluding remarks ― The future

Endometrial cancer is the fourth most common malignancy in women. Many women die each
year of this potentially preventive disease. Uterine precancerous conditions and even early
endometrioid cancer of the endometrium have a reasonably studied potential to respond to
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hormonal therapy. A growing body of evidence suggests that progestin therapy by means of
local long-acting release of a potent progestin can promote early endometrial tumor regression
and long-term remission.

Conservative management with LNG-IUS of precancerous changes and early well differen‐
tiated endometrial cancer seems particularly promising in women who wish to preserve
their fertility. It is emerging as an alternative to oral progestins as higher regression and
lower hysterectomy rates for the treatment of complex and atypical hyperplasia are achieved
with  the  device.  LNG-IUS  should,  therefore,  be  the  first-line  primary  prevention  treat‐
ment.  [67-75]  However,  conservative  treatment  carries  an  inherent  oncologic  risk  as  no
correct staging is possible and the risk of missing a concurrent ovarian cancer cannot be
neglected.  Pre-treatment  evaluation  should  include  assessment  for  genetic  conditions
predisposing to cancer, such as Lynch syndrome. It is apparent that the ideal candidates
for  conservative  cancer  treatment  are  young women with  grade 1,  early  stage  endome‐
trioid  endometrial  cancer  (T1)  with  no  detectable  myometrial  invasion  who  are  highly
motivated to maintain their reproductive potential and understand and are willing to accept
the risk associated with deviation from the established standard of care. [59, 76] Proges‐
tins rather than progesterone should be considered the ultimate tumor suppressors as they
powerfully promote differentiation, cell cycle arrest and apoptosis, and reduce inflamma‐
tion and the invasion associated with metastasis. [37] Patients in whom the treatment fails
should be evaluated by immunochemistry on endometrial biopsies as treatment failure is
often caused by loss of PR expression. Clinical research is currently underway focusing on
maintaining PR levels or identifying novel therapeutic approaches that restore PR expres‐
sion in tumors from which it has been lost. [38, 77] Failure could also occur simply due to
the downward displacement of  the hormone-releasing IUS causing less  impact  on areas
away  from  the  IUS.  Proper  distribution  of  the  hormone  to  the  deeper  layers  of  the
endometrium seems essential to achieve maximum impact.

As the lifetime risk of endometrial cancer in anovulating obese women is 15% or more, one
could assume that many of these cancers could be prevented using LNG-IUS. We support such
an approach together with others who believe that it could be successful provided that suitable
LNG-releasing intrauterine delivery systems are used. The latter is important as the uterine
cavities in women of any age are often small and even become smaller with the use of LNG-
IUS. Side effects such as displacement, embedment and expulsion are not rare, leading to early
discontinuation. [78] Leslie at al. hope that the following will be possible in the future: “As a
profession, we should ask ourselves if we can not only treat, but prevent a substantial
proportion of endometrial cancers with more liberal use of progestin-containing IUDs?” [79]

Apart from the emerging role of LNG-IUS for endometrial cancer prevention, as reviewed
recently by Jóźwik et al. [80], the future might lead us to even more effective hormone-releasing
IUDs. It was proposed that local delivery of other drugs such as mifepristone or ulipristal, with
their strong antiprogestin activity and antiestrogenic effect at the endometrial level, may be
more suitable than LNG to act as tumor suppressor. No studies with intrauterine delivery of
these agents have been conducted so far. However, one example is worth mentioning which
indicates the potential of these compounds: A 48-year old nulliparous woman was consulted
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by one of the authors (DW) in 2007 for bleeding problems. It was known that she suffered from
multiple uterine leiomyomas which tended to increase in size significantly over the past years.
A pipelle biopsy revealed atypical hyperplasia. On MRI, the uterus was increased in size with
several leiomyomas, the largest being of 65 mm in diameter. A frameless mifepristone-
releasing IUS was inserted on 20 January 2007. The first follow-up was done one month later.
At that time, the patient mentioned some spotting and a repeat biopsy showed residual focal
atypical hyperplasia. Three months after insertion, breakthrough bleeding stopped complete‐
ly, the diameter of the largest myoma was reduced to 33 mm and a histological specimen
showed deficient endometrium without signs of atypia. All further follow-up examinations
were uneventful with no abnormal bleeding. The patient was kept on this experimental
mifepristone-releasing IUS for approximately 5 years. It was replaced by a LNG-IUS at the end
of 2011 and, at annual check-ups, she has remained asymptomatic.

Finally, it is worth mentioning that several large epidemiological studies pointed out the
potential of metformin as an anticancer drug. Metformin is an oral antidiabetic drug and is the
first-line drug for the treatment of type 2 diabetes, in particular, in overweight and obese
subjects with normal kidney function. It is used for the treatment of PCOS and has been
investigated for other diseases where insulin resistance seems an important factor. Metformin
acts by suppressing glucose production in the liver and has a vast safety track record. Preclin‐
ical and early clinical trials suggest a role for metformin in the prevention and treatment of
cancer. Its potential is still unproven, but seems extremely promising. [81] Recently, a phase 2
study was designed in Australia combining LNG-IUS with oral metformin for the treatment
of complex endometrial hyperplasia with atypia and grade 1 endometrial endometrioid
adenocarcinoma. [82] Hopefully, this and other careful clinical studies will path a new
approach to the prevention and treatment of early endometrial cancer.
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1. Introduction

Since the most ancient times, mythical stories concerning twins were described both in religion
and art [1]. Examples of twin gods and heroes are numerous: from the twin sons of Zeus to
Rome’s founders, Romulus and Remus. Such legendary conception connected to twins may
still be found in contemporary primitive societies [2]. The evolution of medicine has led to a
different perception of the twinning phenomenon, with several implications for the obstetric
care [3].

The frequency of multiple pregnancies has been increasing since the 1970s. Contributing
factors include the wide use of fertility drugs and assisted reproductive technologies, along
with a higher number of women giving birth at older ages [4]. Nevertheless, many physicians
still underestimate the adversities of multiple pregnancies. [5].

2. Importance

The number of twins has doubled and the rate of twin births has risen from 18.9 to 33.2
per 1, 000 births in the United States. Recent data brief from the National Center for Health
Statistics  states  that  one  in  every  30  infants  born  in  2009  was  a  twin.  Twin  birth  rates
increased in all US states from 1980 to 2009, mainly among non-Hispanic white mothers
and women aged 40 and over, which demonstrated the largest increase by more than 200
percent as shown in Figure 1 [6].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Source: CDC/NCHS, National Vital Statistics System [6]

Figure 1. Twin birth rates, by age of mother. United States, 1980 and 2009.

A consistent growth in the number of multiple births in England has also been well docu‐
mented [7]. Analysis from the North of England Multiple Pregnancy Register during 1998 and
2002 showed an increasing twinning rate of 13.6 to 16.6 per 1, 000 maternities [8]. Similarly,
secular changes in twinning rates were demonstrated by previous study, in which 15 out of
17 European countries listed significant increasing proportions between 1972 and 1996 [9].
Records from the Danish National Birth Cohort revealed an overall frequency of twin deliv‐
eries of 22 per 1000 [10].

Over the last 20 years in Japan, the incidence of twin births increased until 2003, when it started
to decrease reaching similar rates to those registered in the 1990s [11]. The reported Chinese
twinning rates range from 2.8 to 15.4 per 1000 births. This wide variation may be explained by
the lack of systematic vital records [12]. Historically, the lowest twinning rates are registered
in Asian countries (5-6 per 1000 maternities), and the highest rates are seen in Sub-Saharan-
Africa (23 per 1000 maternities), notably Nigeria, with rates up to 40 per 1000 births [13].

The average rate of twin births in Brazil is 10 per 1000. Cândido Godói is a modest town in
South Brazil universally known as “Twins’ Town”, considering its twinning rate of 2% and an
estimated rate of 10% in the very small district of Linha São Pedro. It was hypothesized that
such a high rate of twin births could be due to Nazi’s experiments commanded by Joseph
Mengele in the 1960s. Recent data suggest that this phenomenon is much better explained by
a genetic founder effect [14].

There is a global tendency of an increased number of multiple gestations, with the exception
of triplets and higher-order multiple gestations [15]. This fact was largely attributed to an
elevated amount of dizygotic pregnancies, without significant variations in monozygotic
births over the past few decades [4]. The dizygotic twinning rate is affected by innumerous
factors such as race, parental consanguinity, maternal age and parity, lifestyle, season, use of
fertility drugs and treatments, genetics and others [4, 5, 12].
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Currently, it is very difficult to estimate trends in spontaneous twinning regardless of the use
of fertility treatments [4]. Assisted reproductive technology has played a major role in multiple
birth rates, especially after the 1980s. Evidences indicate that 30-50% of twins and at least 75%
of triplets occur after infertility treatment. Therefore, several physicians and reproductive
medicine societies have recommended rigorous strategies for reducing the risk of multiple
pregnancies, like single-embryo transfer [16].

3. Impact of multiple gestations

Multiple pregnancies are strongly associated with greater maternal morbidity. Studies
demonstrate a maternal mortality risk as much as three times higher and the numbers of
intensive care unit admissions are nearly twice as those in singleton [16]. Major obstetrics
complications include: miscarriage, growth retardation, pre-eclampsia, gestational diabetes,
caesarean section, preterm delivery and post-partum hemorrhage [17].

Multiple children are at increased lifetime risk of developing medical complications, mainly
due to the extremely high rate of preterm delivery and low birth weight among twins. Of all
factors contributing to perinatal mortality, preterm newborns alone account for 70%. Likewise,
infants born with less than 2500g are almost 40 times more likely to die during early infancy
[18, 19]. Population-based data show greater proportions of disabilities in twins compared to
singleton, with up to 3 to 7-fold increase in cerebral palsy [5, 20]. Furthermore, twinning
phenomenon is associated with a higher incidence of congenital anomalies, especially among
monozygotic pregnancies [16, 20].

Becoming pregnant of more than one baby imposes supplementary social implications during
the antenatal and the postnatal periods. Most parents exhibit feelings of shock and isolation,
which may often lead to psychological consequences such as postnatal depression. Moreover,
women carrying multiples are more likely to suffer with the severity of pregnancy symptoms.
Also, myths and misunderstandings regarding multiples generate many issues that the
maternity care provider should be prepared to explain. Lack of sleep and personal time,
chronic stress, fatigue, exhaustion and financial strains are common dilemmas experienced by
parents. Delayed development, attention deficit and learning difficulties usually affect
multiple children, especially due to lack of sufficient one-to-one stimulation. The prevalence
of disabilities is estimated to be at least 50% higher in twins and 100% in triplets [17, 20].

In addition to all negative consequences of multiples, economic implications should also be
considered. The increase in multiple births defies the current trend to lower medical costs [19].
A large study conducted in the Brigham and Women’s Hospital by Callahan et al. [21] showed
that multiple pregnancies contribute to a dramatic rise in hospital charges. Total family charges
for a 29-year-old white mother in 1991 was estimated to be US$ 9, 845 for a singleton, compared
to US$ 37, 947 for a mother of twins and US$ 109, 765 for higher-order multiple-gestation [21].
In large scale it could trigger a public health collapse.

Monochorionic Twin Pregnancy— Potential Risks and Perinatal Outcomes 205



4. Pathogenesis of twinning

4.1. Monozygotic gestation

One-egg twins result from a single fertilized oocyte. Depending on the spontaneous embryo
preimplantation division at various stages of development into two genetically identical
structures, three types of monozygotic pregnancies are distinguished according to Corner’s
embryologic theory as shown in Figure 2 [22]:

Figure 2. Three types of monozygotic placenta and membrane. A: dichorionic diamniotic. B: monochorionic diamniot‐
ic. C: monochorionic monoamniotic. From The Lancet, JudithGHall [23], with permission from the publisher.

• Dichorionic diamniotic if the division of the blastomerers occurs within 72 hours post-
fertilization. The amnion and the chorion have not yet developed, resulting in two inde‐
pendent embryonic discs and diplacental monozygotic twins.

• Monochorionic diamniotic when the division of the blastocyst occurs between day 4 and
day 7 post-fertilization. The chorion is already formed but not the amnion, culminating in
monoplacental monozygotic twins.

• Monochorionic monoamniotic if the division of the embryoblast occurs after day 8 post-
fertilization. The chorion and the amnion are fully grown, configuring monoplacental
monozygotic twins as well. Even later division, usually after the 13th day, gives rise to
conjoined twins, since the germ disc is completed.

The monozygotic twinning phenomenon happens in a proportion of 1:250 multiple pregnan‐
cies [5]. Usually, they share the same genetic and physical features; however, a simultaneous
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chromosomal error may result in heterokaryotypic monozygotes, especially in very early splits
[24]. Mothers originated from a monozygotic pregnancy have exceeding rates of monozygotic
twins. Despite being relatively constant and independent of factors such as ethnicity, maternal
age and parity, the occurrence of monozygotic twinning is increased with in vitro fertilization
and ovarian stimulation [5].

4.2. Dizygotic gestation

Two-egg twins result from simultaneous ovulation of two ova fertilized by two different
spermatozoa. Thus, necessarily, two chorionic sacs are developed even in cases of fused
placenta [25]. Both zygotes have different genetic constitutions, on average sharing 50% of
their genes, and they can be of the same or opposite sexes [13]. Almost 75% are of the same
sex, with both male twins in 45% of cases [24]. An excessive follicular recruitment occurs in
31% of mothers of dizygotic twins, who have greater basal follicle-stimulating hormone (FSH)
concentration and pulse frequency, associated with elevated secretion of gonadotropin-
releasing hormone (GnRH). These findings suggest that multiple ovulations are extragona‐
dally determined [5].

Season is known to influence the dizygotic twinning process as well as the use of folic acid and
oral contraceptives. Evidences suggest a slight tendency for dizygotic twins to be conceived
at summer and autumn, which probably reflects the light’s effect on pineal gland and the
release of higher titles of FSH [5, 13]. A recent systematic review indicates a possible positive
association between the use of periconceptional folic acid and increased twinning, but
additional well-designed studies are needed [26]. Several researches showed raised risk for
multiple pregnancies after discontinuation of oral contraceptives due to a temporary increase
of FSH levels [27, 28].

Whether there is a recessive or dominant inheritance pattern for dizygotic twinning is still
controversial. The fact is that a substantially greater female genetic contribution was observed,
in contrast with limited evidence for a paternal effect [29, 30]. Genetic mutations could not yet
be definitively associated as a cause of hereditary dizygotic twinning, but genetic mapping
studies support a mechanism of inheritance connected to chromosomes 2, 7 and 18. Further
investigations are needed [13].

4.3. Other forms of multiple gestation

Superfecundation is the fertilization of two or more ova from the same ovulation cycle by
sperm released at intercourse on different occasions, not necessarily from the same partner
(heteropaternal superfecundation). Cases of twins with different fathers have been reported
since 1940 by red cell antigen typing, and these findings were later endorsed by human
leukocyte antigen (HLA) typing [31, 32]. Genetic disease studies and circumstances of disputed
paternities allowed more accurate diagnosis [33]. Recently, a case of heteropaternal superfe‐
cundation was reported in a pair of Danish twins [34].

Superfetation is the fertilization of 2 ova released in different menstrual cycles, resulting in the
onset of a subsequent pregnancy during an ongoing pregnancy. The occurrence is more rare
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than superfecundation and only few human cases have been described [35]. Confirmation
requires ultrasound scanning during the first trimester, but neurosonography with detailed
ophthalmic examination may support the diagnosis. Superfetation has innumerous antenatal
implications although it is very difficult to retrospectively confirm the diagnosis postnatally
[36]. Considering the absence of substantial evidence, we believe the superfetation mechanism
could only be possible in theory.

5. Diagnosis of chorionicity

Chorionicity,  different  from  zygosity,  refers  to  the  type  of  placentation  and  it  directly
impacts  obstetric  management  (Figure  3)  [37].  Distinguishing  the  placental  chorionicity
plays a critical role in clinical practice since perinatal mortality rates are 2-5 times higher
in  cases  of  monochorionicity,  which  is  present  in  20% of  all  twin  pregnancies  [37,  38].
Monochorionic  placentas  may present  vascular  communications  that  can  induce  several
syndromes.  These  vascular  anastomoses  also  explain  the  existence  of  chimerism  and
mosaicism upon monozygotic twins [23].

Correct antenatal assignment of chorionicity is very important not only for risk stratification
and prenatal monitoring, but also for genetic counseling, invasive procedures, diagnosis of
twin-twin transfusion syndrome (TTTS) and growth abnormalities, as well as for the manage‐
ment of conditions affecting only one twin [39, 40]. Thus, the ascertainment of chorionicity has
enabled the prevention of undesired repercussions.

Currently, early sonographic study is the gold standard for the antenatal twin chorionicity
prediction. When assessed before 14 weeks’ gestation it is extremely precise, with reported
accuracy rates ranging from 77 to 100% [40, 41]. Such large variation can be mainly explained
by the use of different ultrasound markers and by the time of scanning. Combining first-
trimester sonographic parameters makes it possible to reach accuracy close to 100% [41, 42].

The identification of two clearly separate placentas or gestational sacs during the earliest first-
trimester ultrasound scanning indicates dichorionic twinning, with more than 97% sensibility
and 100% specificity. In cases of single or even fused placenta, the chorionicity can be assessed
either by the presence of lambda sign or T-sign (Figure 4). Measurement of the inter-twin
membrane thickness and counting of the layers of the inter-twin membrane are less useful
indicators [37, 42].

In 1981, Bessis and Papiernik [43] first described the lambda sign as a reference for the
triangular projection of placental tissue observed at the base of the inter-twin membrane in
cases of dichorionic placentation. It has been mutually used with the twin peak sign, described
later in 1992 by Finberg [44]. The lambda-sign is better perceived in the late first and early
second trimester ultrasound scanning, and may disappear by week 20 in 7% of dichorionic
pregnancies with fused placenta [41, 42]. The absence of twin peak sign neither excludes
dichorionic pregnancy nor implies monochorionicity [37].
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The identification of two clearly separate placentas or gestational sacs during the earliest first-
trimester ultrasound scanning indicates dichorionic twinning, with more than 97% sensibility
and 100% specificity. In cases of single or even fused placenta, the chorionicity can be assessed
either by the presence of lambda sign or T-sign (Figure 4). Measurement of the inter-twin
membrane thickness and counting of the layers of the inter-twin membrane are less useful
indicators [37, 42].
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later in 1992 by Finberg [44]. The lambda-sign is better perceived in the late first and early
second trimester ultrasound scanning, and may disappear by week 20 in 7% of dichorionic
pregnancies with fused placenta [41, 42]. The absence of twin peak sign neither excludes
dichorionic pregnancy nor implies monochorionicity [37].
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The T-sign has been traditionally used to describe the point where the two opposing amnions
at the base of the separating membrane approach the placenta at almost a 900 angle, charac‐
terizing a monochorionic placentation [37, 42]. In 2002, Carroll et al [38] performed the very
first robust study evaluating sonographic signs between 10-14 weeks of gestation. In their
series of 150 cases, the prenatal chorionicity diagnosis was confirmed postnatally by placental
histology. They identified a sensitivity and specificity of the T-sign in predicting monochor‐
ionicity of 100% and 98.2%, respectively. The combination of the lambda sign or two separate
placentas showed a sensitivity of 97.4% and specificity of 100% to predict dichorionicity.
Innumerous studies were subsequently carried out and similar sensitivity and specificity
percentages were reported [41].

Figure 4. First trimester ultrasound image of a fused dichorionic placenta with lambda sign (A) and first trimester ul‐
trasound image of a monochorionic placenta with T sign (B). Adapted from BJOG, Carrolletal. [38], with permission
from the publisher.

Figure 3. Different patterns of placentation for twins. Adapted from Prenatal Diagnosis, Shetty&Smith [37], with per‐
mission from the publisher.

Monochorionic Twin Pregnancy— Potential Risks and Perinatal Outcomes 209



The antenatal chorionicity determination is remarkably precise. Yet, eventual mistakes have
a major impact on patient counseling, pregnancy monitoring and perinatal outcome. Some
researchers are going for 3-D ultrasound but its contribution for chorionicity determinations
is still unclear. Further studies should be encouraged [39, 40].

Recognition of zygosity is more difficult to be predicted and can be either performed by
ultrasound or noninvasive molecular genetic tests. Only 55-65% of twin pregnancies zygosity
can be determined by correlating chorion type with the sex of twins [45, 46]. Invasive ap‐
proaches combined with microsatellite DNA markers could also detect zygosity, but they have
the inconvenience of a miscarriage risk of 0.5-1%. Recently, Zheng et al [47] developed a
noninvasive method based on maternal plasma target region sequencing through a bioinfor‐
matics’ model with promising results.

6. Placental characteristics in monochorionic twins

Monochorionic placentation is associated with higher perinatal morbidity and mortality as a
result of placental morphologic characteristics and vascular problems (Figure 5) [48]. Overall,
almost 1% of all monozygotic twin gestations are monoamniotic, which consist of both single
amniotic cavity and placenta, sharing two umbilical cord insertions. This may lead to a
complication specific to monoamniotic twins: cords entanglement and knotting [49]. For
decades it was believed that cord entanglement was responsible for most fetal deaths, but
recent studies, including a systematic review, showed no contribution of cord entanglement
to prenatal morbidity and mortality [50, 51].

Superficial vascular anastomoses are present in all monoamniotic placentas, with the majority
being of arterioarterial and arteriovenous type. Also, a small distance between cords’ insertion
are observed in most cases, as well as a low incidence of velamentous cord insertion (4%). No
significant association among various morphologic or histophatologic characteristics of
monochorionic monoamniotic placentas and perinatal mortality were reported. Furthermore,
no relation between severe birth weight discordance (≥20%) and unequally shared placenta or
velamentous cord insertion were described. Twin-twin transfusion syndrome is a rare
condition in monochorionic monoamniotic placentas due to the protector effect of the arterio‐
arterial anastomoses [49, 52].

Likewise, monochorionic diamniotic placentas did not demonstrate a clear relation between
placental angioarchitecture, intercord distance and shared placental territories with greater
perinatal mortality. Twins with unequally shared placentas and velamentous cord insertion
significantly lower mean birth weight. Perinatal mortality was found to be substantially higher
in the presence of velamentous cord insertion [48].

Additionally, in cases of TTTS, vascular anastomoses are more likely to be of deep other than
superficial type. Most anastomoses are arteriovenous, and vascular communications are fewer
in number without compensating superficial arterioarterial flow [53]. Moreover, evidences
suggest that unequally shared placentas and velamentous cord insertion are not mandatory
for the occurrence of TTTS [54].

Contemporary Gynecologic Practice210



The antenatal chorionicity determination is remarkably precise. Yet, eventual mistakes have
a major impact on patient counseling, pregnancy monitoring and perinatal outcome. Some
researchers are going for 3-D ultrasound but its contribution for chorionicity determinations
is still unclear. Further studies should be encouraged [39, 40].

Recognition of zygosity is more difficult to be predicted and can be either performed by
ultrasound or noninvasive molecular genetic tests. Only 55-65% of twin pregnancies zygosity
can be determined by correlating chorion type with the sex of twins [45, 46]. Invasive ap‐
proaches combined with microsatellite DNA markers could also detect zygosity, but they have
the inconvenience of a miscarriage risk of 0.5-1%. Recently, Zheng et al [47] developed a
noninvasive method based on maternal plasma target region sequencing through a bioinfor‐
matics’ model with promising results.

6. Placental characteristics in monochorionic twins

Monochorionic placentation is associated with higher perinatal morbidity and mortality as a
result of placental morphologic characteristics and vascular problems (Figure 5) [48]. Overall,
almost 1% of all monozygotic twin gestations are monoamniotic, which consist of both single
amniotic cavity and placenta, sharing two umbilical cord insertions. This may lead to a
complication specific to monoamniotic twins: cords entanglement and knotting [49]. For
decades it was believed that cord entanglement was responsible for most fetal deaths, but
recent studies, including a systematic review, showed no contribution of cord entanglement
to prenatal morbidity and mortality [50, 51].

Superficial vascular anastomoses are present in all monoamniotic placentas, with the majority
being of arterioarterial and arteriovenous type. Also, a small distance between cords’ insertion
are observed in most cases, as well as a low incidence of velamentous cord insertion (4%). No
significant association among various morphologic or histophatologic characteristics of
monochorionic monoamniotic placentas and perinatal mortality were reported. Furthermore,
no relation between severe birth weight discordance (≥20%) and unequally shared placenta or
velamentous cord insertion were described. Twin-twin transfusion syndrome is a rare
condition in monochorionic monoamniotic placentas due to the protector effect of the arterio‐
arterial anastomoses [49, 52].

Likewise, monochorionic diamniotic placentas did not demonstrate a clear relation between
placental angioarchitecture, intercord distance and shared placental territories with greater
perinatal mortality. Twins with unequally shared placentas and velamentous cord insertion
significantly lower mean birth weight. Perinatal mortality was found to be substantially higher
in the presence of velamentous cord insertion [48].

Additionally, in cases of TTTS, vascular anastomoses are more likely to be of deep other than
superficial type. Most anastomoses are arteriovenous, and vascular communications are fewer
in number without compensating superficial arterioarterial flow [53]. Moreover, evidences
suggest that unequally shared placentas and velamentous cord insertion are not mandatory
for the occurrence of TTTS [54].

Contemporary Gynecologic Practice210

Figure 5. Monochorionic placentas after injection with coloured dye. The veins are coloured yellow or orange and the
arteries are black or blue. The white arrows indicate arteriovenous anastomoses from twin I towards twin II; the black
arrows indicate arteriovenous anastomoses from twin II towards twin I. The white arrowheads indicate venovenous
anastomoses and the black arrowheads indicate arterioarterial anastomoses. (A) Placenta of monochorionic twin
without TTTS, delivered at 36+6 weeks of gestation. Similar placental territory for both twins. (B) Placenta of mono‐
chorionic twin with selective intrauterine growth restriction. Caesarean section at 32 weeks of gestation after determi‐
nation of lung maturity. The growth-restricted twin I has a velamentous cord insertion and placental territory of 28%.
(C) Placenta of monochorionic twin with mild TTTS. Caesarean section at 32 weeks of gestation due to TTTS. The ex-
recipient twin I has a placental territory of 82%. (D) Placenta of monochorionic twin with TTTS, conservative manage‐
ment. Caesarean section at 31+5 weeks for signs of anemia in the donor twin. Adapted from Placenta, Hack et al. [48],
with permission from the publisher.

7. Antenatal care in monochorionic pregancies

Multiple pregnancies impose a higher risk of complications for both mother and baby;
therefore, adverse outcomes take place more often [55]. Intensive antenatal care should be
provided along with a multidisciplinary team. Furthermore, an effective interpersonal
communication between healthcare professionals and women is fundamental [56].
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The very first step for quality assistance is an early detection of multiple pregnancies along
with appropriate amnionicity and chorionicity determination as soon as possible. Whenever
the diagnosis of chorionicity is uncertain, the woman should be referred to a specialist or a
senior ultrasonographer before 14 weeks. If still indeterminate, even after referral, the
pregnancy should be managed as monochorionic until proven otherwise [55-57]. Parents
should be thoroughly informed about the implications of a monochorionic pregnancy [58].

Nuchal translucency should be offered as a screening for fetal aneuploidies. The detection
accuracy is better when combining maternal age, nuchal fold, crown-rump length, and serum
markers [42, 55]. Some professionals do not recommend the routine use of serum markers
neither in the first trimester nor during the second trimester [59], while others do recommend
for both situations [56].

The prevalence of  congenital  anomalies is  almost twice when comparing monochorionic
twins with dichorionic, although in both cases only one fetus is affected in 90% of the time.
In  case  of  a  suspicious screening exam,  a  fetal  echocardiographic  assessment  should be
considered. The same applies for in vitro fertilization conceived twins and cases of severe
TTTS [42]. First trimester surveillance for TTTS is not advised [55, 56, 58]. When applica‐
ble, chorionic villus sampling is preferred over amniocentesis and the transabdominal route
is the best choice [59].

Placental evaluation and cervical length assessment are also important. Placenta previa is 40%
more common in twins, and so is vasa previa. The placental cord insertion should be deter‐
mined once velamentous cord insertion is associated with greater risk of TTTS, unequal
placental sharing and perinatal mortality. Cervical length smaller than 20-25 mm raises the
likelihood of preterm delivery in 3-5 times [42].

Serial sonographic monitoring for intrauterine growth restriction (IUGR) or discordance is
warranted rather than abdominal palpation, symphysis-fundal height measurement or
umbilical artery Doppler [42, 55, 56]. Only an estimated fetal weight discordance greater than
25% is clinically important [55, 56]. Both IUGR and twin discordance are associated with
increased risk for fetal and perinatal death [42]. A recent prospective cohort study showed that
twin birth weight discordance might be predicted with an abdominal circumference ratio
cutoff of 0.93, with a sensitivity and specificity of 61% and 84%, respectively [60].

Additionally, it is also mandatory to monitor for maternal complications, especially for
hypertensive disorders that present an increased likelihood of 2 to 3-fold. Concerning gesta‐
tional diabetes, whether its occurrence is increased or not is still controversial. The manage‐
ment of all maternal complications shall not be different from singleton pregnancies [55].

Table 1 shows an overview of ultrasound applications for twin pregnancies [42]. Monthly
prenatal consultations are strongly recommended for all monochorionic pregnancies, as well
as ultrasound scanning every 4 weeks for uncomplicated dichorionic pregnancy and every 2
weeks for uncomplicated monochorionic twins [42, 59].
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From Seminars in Perinatology, Lynn Simpson [42], with permission from the publisher.

Table 1. Ultrasound in twins

8. Antenatal complications

Certainly,  preterm birth  is  the  most  relevant  complication  related  to  multiple  pregnan‐
cies. Current available data in the literature are insufficient to determine effective preven‐
tive strategies, limiting the applicability of routine screening methods to predict preterm
delivery [55].

Two recent systematic reviews and meta-analysis concerning the use of transvaginal sono‐
graphic cervical length to predict spontaneous preterm birth in twin pregnancies concluded
that women with a short cervix are at increased risk [61, 62]. Testing for fetal fibronectin should
not be used as a single approach to suppose a greater risk of preterm delivery in twins. If
combined with cervical length measurement it might be valuable [55, 56]. Also, women with
a history of previous preterm singleton delivery are at increased risk of preterm birth in a
subsequent twin pregnancy [63].

All studied interventions to prevent spontaneous preterm labour in twin pregnancies up to
date failed, including hospitalization and bed rest, progesterone treatment, prophylactic
cervical cerclage or pessary and the use of betamimetics [64-69]. This is the rationale for
worldwide guidelines to discourage any of the above-mentioned strategies [56, 59, 70]. Further
well-designed, properly powered, prospective randomized trials are warranted prior to
widespread implementation in clinical practice.

It is well known that both antenatal corticosteroids and magnesium sulphate reduce neonatal
complications in preterm babies related to lung maturity and neurological development
respectively, regardless of fetal number [71, 72]. Although, there is no evidence to support
neither the routine use of untargeted course of steroids nor magnesium sulphate therapy,
except when preterm labour or birth is imminent [55, 56, 70].
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Other antenatal complications, including those specific to monochorionic twins, were exhaus‐
tively discussed along the chapter.

9. Monochorionic twin pregnancies specific complications

9.1. Twin-Twin Transfusion Syndrome (TTTS)

Chronic twin-to-twin transfusion syndrome is a specific complication of monochorionic
pregnancies, almost exclusively to monochorionic diamniotic placentation. It results from an
unbalanced unidirectional blood flow through placental arteriovenous anastomoses, and the
proportion is up to 15% of all monochorionic pregnancies [73]. Additional factors such as
vasoactive hormones are also believed to influence the development of TTTS [74].

Commonly diagnosed during routine second-trimester ultrasound scanning, its predicted
peak in incidence is around 20-21 weeks of gestation [75]. The presentation is highly variable
and the recipient twin may present circulatory overload and polycythemia, possibly leading
to congestive heart failure and hydrops. Contrarily, the donor twin shows oliguria and
oligohydramnios, as well as anemia and growth restriction. Acute unbalancement can also
occur at any time before birth, threatening the prognosis [76].

Data shows that 17% of the overall twin’s perinatal mortality and 50% of all perinatal deaths
in monochorionic diamniotic twins are attributed for TTTS [77].

9.2. Diagnostic criteria

TTTS is properly diagnosed after confirmation of monochorionic twin pregnancy in early
sonography demonstrating T-sign. In late diagnosed cases, chorionicity is supposed when
single placental mass and a thin intertwin membrane are seen [78]. Besides the confirmation
of a monochorionic diamniotic gestation, the presence of oligohydramnios (maximal vertical
pocket <2 cm) within the donor sac, instead of polyhydramnios (maximal vertical pocket >8
cm) in the recipient sac are also essential [74, 77]. Differential diagnoses include selective
intrauterine growth restriction and other causes of amniotic fluid abnormalities [77].

Additional sonographic findings usually coexist with TTTS such as significant growth
discordance, absent or reversed a-wave in the ductus venous and velamentous cord insertion
[74]. TTTS frequently occurs acutely and a meticulous follow-up in a specialized center is
strongly recommended. The initial ultrasound assessment should include detailed anatomy
scan and Doppler study, along with cervical length measurement. Fetal echocardiography is
a valuable option for cardiac function evaluation [75].

9.3. Severity staging

In cases of sudden TTTS aggravation, acute polyhydramnios develops between 16 and 24
weeks. Mortality rates are high, reaching 80 to 100% in untreated disorders. There is also high
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occurrence of miscarriage, premature rupture of membranes, preterm delivery and sponta‐
neous death of one or both siblings [79].

Quintero’s et al. [80] major classification considers cumulative evolving stages (Table 2). Initial
stages only differ in the amount of amniotic fluid in both cavities, followed by signs of anuria
in the donor twin (anidramnios or absence of bladder content). An abnormality in the dop‐
plervelocimetry of the donor twin precedes anasarca in the recipient twin. Final stages come
with death of one or both fetuses.

I Maximum vertical pocket <2 cm in donor and >8 cm in recipient sac

II I + Donor anuria (anidramnios / absence of bladder)

III I + II + Doppler anomalies in donor

IV I + II + III + Fetal hydrops

V I + II + III + IV + Fetal demise

Adapted from Quintero et al, 1999 [80].

Table 2. Quintero’s staging of twin-twin transfusion syndrome

This system has some prognostic significance, but the stages not always correlate perfectly
with perinatal outcomes. Over 75% of stage I TTTS cases remain stable or regress with
conservative management. If treated with suboptimal approaches in non-specialized centers,
the consequences can be fatal [75, 77].

9.4. Management

In order to improve the prognosis of TTTS, many options were proposed throughout the years,
including specific strategies (selective fetoscopic laser coagulation of placental anastomoses)
and non-specific strategies such as expectant management, amnioreduction, septostomy and
selective reduction [75, 77]. An algorithm proposed by the Society for Maternal-Fetal Medicine
for management of TTTS is shown in Figure 6 [77].

Selectivefetoscopiclaserphotocoagulation: first-line treatment for early-onset severe TTTS,
requiring highly qualified professionals and specific equipment [75]. Advances in endoscop‐
ic  surgery  allowed  proper  identification  of  arteriovenous  anastomoses  and  its  coagula‐
tion. The rate of survival of at least one fetus is close to 75% and almost 40% of both twins.
The overall frequency of neurological impairment is around 4% [81]. This procedure is only
performed  in  severe  stages  and  requires  specialized  tertiary  center,  trained  staff,  and
adequate  equipment.  Maternal  morbidity  is  minimal  and  complications  include  miscar‐
riage,  preterm premature rupture of  membranes,  placental  abruption,  and stillbirth.  The
Eurofetus  trial  showed  significantly  higher  survival  rate  of  at  least  one  fetus  when
comparing  laser  photocoagulation  with  amnioreduction  (76% vs.  56%)  as  well  as  lesser
neurological abnormalities (31% vs. 52%) [82].
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Amnioreduction: progressive polyhydramnios in TTTS increases the risk of preterm prema‐
ture rupture of membranes and preterm birth, often causing maternal distress. The rationale
is to temporary relieve intrauterine pressure. Serial amnioreduction is usually required, with
an average of three procedures until the pregnancy reaches an acceptable gestational age [83].
Complications are similar to fetoscopy, although less frequent and with decreased maternal
morbidity. Mean survival rate is 40-50% of at least one fetus and 20% for both. Reported
neurological sequels are just about 20 to 30% [84]. The main advantage is that amnioreduction
is inexpensive, easy to perform and widely available [74].

Septostomy: performed to balance the amniotic fluid amount in both sacs by needle-opening
the intertwin membrane. It relieves cameras pressure and may be performed during amnior‐
eduction, with 40 to 83 % survival rate. Septostomy increases the risk of severe complications
like cord entanglement and eventual disruption of the membrane. [85]. This procedure has
generally been abandoned [75, 77].

Selectivereduction: therapeutic option through cord coagulation in order to improve the
outcome of the surviving twin whenever there is an imminent risk of spontaneous intrauterine
death of one fetus. It can be performed either by ultrasound guided vascular embolization or
cord clamping through fetoscopy. A maximum of 50% survival is reached and most services
have not supported this technique [86].

MCDA: monochorionic diamniotic; MVP: maximum vertical pocket; UA: umbilical artery

Figure 6. Algorithm for management of TTTS. Adapted from American Journal of Obstetrics and Gynecology,
LynnSimpson [77], with permission from the publisher.
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9.5. Twin Anemia Polycythemia Sequence (TAPS)

Twin anemia polycythemia sequence (TAPS) occurs spontaneously in up to 5% of all mono‐
chorionic pregnancies or even after fetoscopic laser photocoagulation, with an estimated
prevalence of 13%. This syndrome is characterized by a substantial difference in hemoglobin
levels among twins, in absence of discordance in the amniotic fluid. It could be mainly
explained by the presence of few persistent arteriovenous anastomoses besides the reduced
placental territory where the circulating blood is transferred from donor to the receiver twin,
in a unidirectional flow [87].

Prenatal diagnosis may be assessed through the determination of the peak systolic velocity in
the middle cerebral artery (PSV-MCA) by dopplervelocimetry. The anemic twin will have a
PSV-MCA >1, 5MoM in contrast to a decreased PSV-MCA <0, 8MoM in the polycythemic co-
twin [88]. In the postnatal period, diagnostic criteria are based on different levels of hemoglobin
between fetuses over 8g/dL, reticulocytes amount over 1.7% or small anastomoses <1mm [89].

Treatment includes expectant management, labor induction, intrauterine blood transfusion
(intravenous or intraperitoneal), selective feticide and fetoscopic laser coagulation. Survival
rates up to 80% are achieved when identified in early stages, although there are no studies of
long-term neurological outcome [87].

10. Selective Intrauterine Growth Restriction (sIUGR)

10.1. Causes

Selective intrauterine growth restriction (sIUGR) happens in 10% of monochorionic gestations,
similar to dichorionic twins. It is diagnosed when the fetal weight of one twin is under the
10th percentile, and frequently there is 25% of discordance. In most cases the origin is in the
placental territory discrepancy. Vascular anastomoses between both fetuses intrinsically
justify IUGR, and one twin receives better-oxygenated blood [90].

10.2. Classification

Although a wide spectrum of vascular anastomoses variations establish different standards
for fetal growth, three known patterns of umbilical artery dopplervelocimetry are inclined to
develop sIUGR. Type I shows normal diastolic flow in this artery. Constantly absent or reverse
flow characterizes type II. Finally, in type III, absent or reverse flow appears intermittently [91].

Prognosis is quite better in type I, contrasting with types II and III, which have been associated
to an increased risk of neurological disorders, preterm births and stillbirths. In type III, massive
blood transfusion through arterioarterial anastomoses is usually identified [91].

10.3. Differential diagnosis between TTTS and early sIUGR

In spite of the available evidence, causes of severe weight discordance in monochorionic
pregnancies are still challenging for proper identification. Differential diagnosis demands
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early sonographic scanning, along with the exclusion of fetal abnormalities. The development
of TTTS is probable once detected any abnormality in the amniotic volume with the larger
compartment over 8 cm in one fetus cavity and bellow 2 cm in the other’s.. If there is no disturb
of the amniotic fluid and either the estimated weight of one twin is below the 10th percentile,
or the weight discordance is over 25%, sIUGR may be presumed. Additionally, the evaluation
of peak systolic velocity in the middle cerebral artery can be helpful. Finally, if not fitting any
of the above criteria, a thorough follow up is recommended [91].

10.4. Management

Type I sIUGR has better prognosis and expectant management is reasonable until 34-35 weeks.
Types II and III are associated with worse prognosis, and the therapeutic choice largely
depends on the gestational age and severity staging. In these cases, laser therapy and cord
occlusion may be practicable alternatives [91].

A fetal medicine specialist must follow monochorionic twins with routine sonographic
assessment starting from 16 weeks. Finding any discordance in amniotic fluid or fetal weight,
weekly interval is strongly recommended. Except for these cases, monochorionic gestations
are expected to undergo an elective resolution around 37 weeks [91].

In our department, types II and III of sIUGR are closely monitored until 26 weeks of gestation,
when the patient should be admitted at the hospital for daily Doppler ultrasound scanning,
biophysical profile and cardiotocographic exam.

10.5. Twin reversed arterial perfusion sequence (trap sequence)

Twin reversed arterial perfusion sequence is a rare malformation in monochorionic pregnan‐
cies. The reported incidence is of 1:35000 deliveries and 1:100 monochorionic gestations.
Usually, there are multiple structural abnormalities in one of the fetus, varying from a
rudimentary heart to its complete absence, and an undeveloped head, associated or not to
upper limbs alterations [92].

Generally an edema of the fetal trunk is observed or seen as an amorphous mass. A specific
angioarchitecture characterized by an arterioarterial and a venovenous anastomosis supports
the development of the acardiac twin. The normal twin acts like an infusion pump, with an
increased mortality rate of 50 to 70%. Furthermore, this fetus is threatened by a raised risk of
congestive cardiac failure, preterm labor, preterm premature rupture of membranes, prema‐
ture delivery, polyhydramnios and intrauterine fetal death [75, 93].

Therapeutic options include expectant management, which showed good results when
associated to thorough vitality surveillance [94]. There are also invasive procedures to
interrupt blood flow to the acardiac twin. Innumerous surgical approaches have been descri‐
bed such as endoscopic cord ligation or compression, bipolar or laser coagulation of the
umbilical cord, radiofrequency ablation or even embolization of the vessels inside the abdo‐
men of the acardiac fetus. Despite the success of various techniques, intrafetal ablation is
recommended as the best choice concerning its simplicity, safety and effectiveness when
compared to others [95].
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10.6. Conjoined twins and abnormal variations

The union of twins happens once in 50, 000 gestations, and it is related to imperfect segmen‐
tation of a single zygote after the 13th day of fecundation [96]. A marked female predominance
of 72% is registered [97]. Diagnosis is held through early sonography in the first trimester [96].
Attachment may be rostral: omphalopagus, thoracopagus and cephalopagus; caudal: ischio‐
pagus; lateral: parapagus, or dorsal: craniopagus, rachipagus and pygopagus (Figure 7) [98].

Figure 7. The eight types of conjoined twins: (1) cephalopagus, (2) thoracopagus, (3) omphalopagus, (4) ischiopagus,
(5) parapagus, (6) craniopagus, (7) pygopagus, (8) rachipagus. From Journal of Pediatric Surgery, Rowena Spencer
[98], with permission from the publisher.
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Prognosis is determined according to the site of attachment, organs involved, presence and
extension of associated malformations. About 10% of conjoined twins are unequally distrib‐
uted and 50% have structural anomalies of major organs. Thus, planning for the best correction
strategy requires knowledge of cardiac abnormalities, which are frequent in these cases. When
a poor outcome is foreseen, vaginal delivery is preferable, although it depends on gestational
week and fetuses’ dimension [23, 96].

10.7. Externally attached parasitic twin

Externally attached parasitic twin is also an infrequent finding in 1:1, 000, 000 births. They are
asymmetric conjoined twins in whom a fetus with defect, or a fetal part, is externally attached
in a relatively normal twin. Also known as heteropagus twins, it is believed that this type of
union results from atrophic ischemia of monozygotic conjoined twins and the parasite twin
depends on the cardiovascular system of the other. In most cases the parasite fetus does not
have a functional heart or brain [96].

Figure 8. Epigastric heteropagus twins. (A) Adapted from Journal of Pediatric Surgery, Sharma et al. [97], with permis‐
sion from the publisher. (B) Adapted from Journal of Pediatric Surgery, Ribeiro et al. [99], with permission from the
publisher.

10.8. Fetus In Fetu (FIF)

Fetus in fetu is a seldom finding in monochorionic twins, with incidence of 1:500, 000 deliveries.
It has been also detected in adults. Even though already reported elsewhere, the most frequent
localization is in the abdominal cavity. It is defined as a fetiform mass incorporated inside a
host twin coming from abnormal embryogenesis [100].

FIF happens whenever there is an unequal division of totipotent cells of a blastocyst, resulting
in the inclusion of a small cellular mass into a more mature embryo. The main sites of presen‐
tation by frequency order are vertebral column, limbs, central nervous system, digestive tract,
vessels and genitourinary tract [101]. Karyotype is usually normal and surgery is encouraged
to remove the included fetus, not only to relive its mass effect, but also considering its potential
of malignization [100].
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10.9. Internal teratoma

Internal teratomas are rare congenital tumors, usually benign and of multifactorial etiology.
They are constituted by a complex combination of microscopically identifiable tissues inside
the fetus, which derivate from mesoderm, endoderm and ectoderm. In its interior, structures
like teeth, intestine and hair are covered by connective tissue receiving vascularization from
small vessels. It has independent potential of growth and also of malignization [96].

Although prenatal diagnosis can be held by a simple sonographic study within 15-16 weeks,
tridimensional evaluation and the use of magnetic resonance may improve diagnostic
precision, allowing the establishment of its precise localization, extension, and dissemination.

11. Monochorionic twins discordant for fetal defects

The rate of congenital anomalies in twins is 2 times higher than in singletons [102, 103]. In
monozygotic twins it is around 5-fold greater. However, in dizygotic twins this rate is similar
to singletons. One of the main causes of congenital anomalies in monochorionic twins is related
to vascular disruption. The past concept that all monozygotic twins are always identical has
changed. The rate of concordant congenital anomalies is 9-18%, even in monozygotic twins
[104]. Actually, monozygotic twins are rarely identical once genetic differences exist [105].

There are specific anomalies related to multiple pregnancies, explained by the twinning
process and aspects of placentation. The abnormalities of monozygotic twinning include:
conjoined twins, TRAP sequence, parasitic twins, and fetus-in-fetu [106]. Monochorionic twin
pregnancies have placental vascular anastomoses that could result in TTTS in 15% of cases
[107]. Congenital heart defects is 3-fold increased in monochorionic pregnancies with TTTS
predominantly affecting the recipient twin, such as ventricular septal defects, pulmonary
stenosis and atrial septal defects [108, 109]. The rate of fetal anomaly in monoamniotic
pregnancies is around 25%, even if conjoined twins are excluded [106].

A discordant fetal defect in a dizygotic twin pregnancy is easy to explain, since the genetic
material is distinct. However, in monozygotic pregnancies, discordant congenital anomalies
are related to several mechanisms: missegregation of cytoplasmic material (resulting in
different characteristics due to post-zygotic mitotic crossing over or non-disjunction), inacti‐
vation or expression of selected genes, imprinting and telomere size differences, X-inactivation
and discordant cytoplasmic segregation [110, 111]

Whenever there is a post zygotic non-disjunction in one of the twins, there might be an eventual
chromosomal aneuploidy discordance related to chromosomal mosaicism in various degrees.
Thus, monozygotic 46, XY and 46, XX twins may be a product of a 46, XXY zygote. Single gene
mutation discordances involving either nuclear or mitochondrial DNA as well as X-inactiva‐
tion and imprinting discordances have occurred. Environmental factors play a major role in
epigenetic differences, considering its greatest impact lays on monozygotic twins who were
apart the longest [105].
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In monochorionic placentas the risk of vascular anastomoses could result in disruption that
compromises the fetus. These hemodynamic abnormalities are more prevalent after the death
of one co-twin; however, it can happen even in surviving infants. This process of hypoxia and
ischemia could affect several organs such as the brain (microcephaly, hydrocephalus or
hydranencephaly), the gastrointestinal system (intestinal atresia), the kidney, and the skin
(aplasia cutis) [112].

Malformations in twins affect the abdominal wall, skull, and chest, as well as the cardiac,
musculoskeletal, urogenital and central nervous systems. They are related to embryonic
midline fates (neural tube and cardiac defects), hemodynamic instability of the placenta (brain
lesions, limb reduction, cardiac defects, renal agenesis, aplasia cutis and intestinal atresia), and
anomalies associated with prematurity (patent ductus arteriosus and retinopathy) [113].

The management of discordant anomalies in monochorionic twins is a great challenge when
parents decide to keep the pregnancy. The normal fetus is at increased risk of prematurity and
its consequences. The major problem occurs after the death of the discordant fetus for con‐
genital anomalies, which increases the risk of death of the normal co-twin around 10-25%. The
risk of brain lesions in the surviving infant is approximately 25% [114]. Also, the rate of
perinatal death in twins associated with congenital malformations is approximately 15% [115,
116]. Therefore, it is very important to maintain a strict surveillance during the prenatal in
order to diminish the risks for the normal co-twin.

12. Fetal death

In general, it is known that multiple pregnancies increase the risk for fetal death. Whenever
there is death of one fetus, there is also increased rates of prematurity, neurological sequel and
death of the other twin. Chorionicity is determinant in these cases, with more unfavorable
prognosis in monochorionic pairs [117].

The vanishing twin syndrome occurs after the sonographic diagnosis of a twin pregnancy, in
which a subsequent ultrasound study fails to identify both fetuses. The dead embryo may be
completely reabsorbed or even become incorporate into placental membranes, resulting in
fetus papyraceous [23, 118].

Later single twin demise in monochorionic twins could also happen due to multiple reasons
such as infection, chromosomal or structural anomaly, placental factors or even maternal
problems (hypertensive disorder, thrombophilia) [118]. In this scenario, the chance of death
of the other fetus and the risk of neurological sequel is around 25% [119]. This can be explained
by hemodynamic fluctuations and ischemia, where the blood volume of the living fetus is
diverted to the vascular space of the dead fetus, thereby causing multicystic encephalomalacia.
Serial ultrasonographic monitoring for brain damage is mandatory and it can be complement‐
ed by magnetic resonance imaging. Although the results were inconsistent, some physicians
have reported fetal blood sampling and intrauterine transfusion in the surviving twin [118,
120]. Others highlighted the use of ultrasonographic evaluation of the peak systolic velocity
in the middle cerebral artery for detection of fetal anemia [121].
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It  is  important  to  remember  the  risk  of  maternal  coagulopathy,  which  although  infre‐
quent,  is  hard  to  reverse.  Even  after  single  fetal  demise,  the  mode  of  delivery  may be
vaginal. The exact time of pregnancy’s termination depends on a balance between the need
to break the unfavorable gradual evolution of the remaining fetus and the establishment
of iatrogenic prematurity [118].

13. Time and mode of delivery in monochorionic pregnancies

There are many suitable recommendations for twin gestation term in the literature. It is known
that the risk of fetal death becomes gradually increased from 38 weeks of pregnancy and it is
greater in case of monochorionic pairs [122]. Thus, in many universities’ protocols, resolution
is recommended for dichorionic pregnancies around 38 weeks, at 37 weeks for monochorionic
(devoid of complications) and at 32 to 34 weeks in cases of single amniotic chamber [123].

The main risk associated with vaginal delivery is connected to the possibility of anoxia of the
second twin. Thus, studies have shown that elective cesarean delivery at term pregnancy can
reduce to 75% the risk of perinatal death [124]. However, a Cochrane systematic review showed
that cesarean delivery performed by non-cephalic presentation of the second twin is associated
with increased maternal morbidity without improved neonatal outcome [125].

The most important factors in the decision of the delivery mode include the presentation of
the fetus, gestational age, and weight or the weight difference between the fetuses. In term
births, if only the first twin is in cephalic presentation without detected adversities, vaginal
delivery may proceed. If the first twin is neither cephalic, nor presents weight difference for
the second fetus, being equal or less than to 500g, caesarean section seems to be a good
indication. In preterm pregnancies without other complications or fetal weight lower than
1.500g, a cesarean remains as the best option [126].

Results from the biggest randomized trial conducted by the Twin Birth Study Collaborative
Group established major key points [127]. Caesarean section is indicated for all monoamniotic
twins, conjoined twins, non-vertex first twin and other classic indications similar to singleton
pregnancies. During labour and delivery of a twin pregnancy, neuroaxial anesthesia is
preferable. Whenever there is a non-vertex second twin, vaginal delivery is indicated as long
as the estimated weight is between 1500-4000g and the obstetrician feels comfortable and
skilled [127, 128].

14. Conclusion

The frequency of multiple pregnancies has been increasing in the last decades. Currently, it
seems to have stabilized mainly due to a more strict regulation of assisted reproductive
techniques. Advances in medicine allowed for earlier diagnosis not only of twin pregnancy
but also chorionicity and amnionicity characteristics, which are directly implied in adverse
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outcomes and prognosis. Despite the various abnormalities related to monochorionic preg‐
nancies, efforts have been made to overcome medical and parenting challenges. Even though
twin pregnancies have many peculiarities and must be followed regularly by well-trained
professionals, there is no evidence that planned cesarean delivery may diminish fetal mor‐
bidity and death.
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