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Letter from the Editor:

Dear colleagues,
    
As this issue comes up to your hands, you will notice we tried to incorporate your previous suggestions. We 
welcome your comments as well as the scientific activity to be incorporated in the upcoming issues.

The society is planning a wide variety of activities during this year. Our activities will include meetings in 
Ismailia, Mahala and Damietta governorates, in addition to our Annual International conference in Cairo. We 
certainly welcome any invitation from local activity and we will try to participate in them.

As always we pray to god to keep Egypt safe and to grant its prosperity.

Editor in Chief, 
Prof. Mohamed Yehia

Egypt.J.Fertil.Steril. Volume 18, Number 1, January 2014
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Abstract
Endometriosis adversely affects fecundity by sets of different mechanisms 
acting at the level of the pelvic cavity, ovaries and the uterus itself.  Sur-
gery for endometriosis facilitates the chances of natural conception for 
the ensuing 6-18 months.  It is therefore necessary to ensure that natural 
conception is possible (sperm, tubes) and that the age of the patient and her 
ovarian reserve status permit to dedicate 6-18 months for attempting a nat-
ural conception.  Surgery offers no benefit on ART outcome and may ac-
tually often harm by further compromising ovarian function and responses 
to COS.  Temporary ovarian suppression using either, GnRH-a for 3-6 
months or OC for 6-9 months corrects the alterations seen in the endome-
trium in case of endometriosis and optimizes ART outcome. 
Key words: Endometriosis, endometrioma, infertility, fertilization, im-
plantation, ovarian reserve, AMH 

Introduction
Endometriosis is a disease of unknown origin causing pelvic pain and in-
fertility 1.  While the links between endometriosis – location and extension 
– and pain are relatively well established, the exact cause of infertility still 
eludes our understanding in most cases.  The number of mechanisms by 
which endometriosis can interfere with fecundity are too numerous to list 
here.  For clarity sake, we elected to regroup them by the actual territory 
in which they are expressed (Fig. 1).  This classification is functionally 
important as it actually outlines the respective efficacy of the various ther-
apeutic measures envisioned depending on the individual circumstances 
encountered.  
Pelvic cavity inflammation and in vivo conception
In the pelvic cavity, the effects of endometriosis mainly amount to an ac-
tivation of sets of inflammatory processes that collectively interfere with 
the sperm-oocyte interactions.  The net result of such effects is therefore a 
decrease in the capacity of conceiving naturally, or ‘in vivo’.   
Fig. 1From: de Ziegler et al. Lancet 2010;376:730-8.
Ovarian endometriosis and responses to COS
Fig. 2 From: Vercellini et al. Human Reprod 2009;24:254-69
Fig. 3.  ART outcome of women 
with and without endometriosis
Uterine alterations and endometrial receptivity
Throngs of recent data have concurred to show that the endometrium – the 
‘eutopic endometrium’ – is abnormal in case of endometriosis5.  The func-
tional alterations encountered in case of endometriosis are seen as likely 
to impede the quality of endometrial receptivity and thus, account for the 
reduced ART outcome typically described in these cases67.  Of paramount 
importance is the characteristic form of resistance to progesterone, which 
isprone to beleaguer the sequence of secretory changes normally seendur-
ing the luteal phase8.  Remarkably, the endometrial anomalies described in 
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endometriosis were all shown to regress following the 
suppression of ovarian function, using either GnRH-a 
9, or the OC pill10.  
Clinical trials have indicated that 3-6 months of pre-
ART ovarian suppression with GnRH-a significantly 
improved ART outcome11.  Remarkably, GnRH-a 
treatment did not decrease the magnitude of ovarian re-
sponse to COS in comparison to controls who received 
no pre-ART treatment11.  The latter finding likely re-
sulted from the careful observance by these authors 11 
of a proper recovering phase – a 2-week delay since 
the last administration of long-acting GnRH-a – before 
starting COS. 
We recently demonstrated that a similar normalization 
of endometrial receptivity could be achieved in endo-
metriosis by suppressing ovarian function with OC, as 
illustrated in Fig 312.Women who received pre-ART 
administration of OC (red columns) maintained the 
pregnancy rates encountered in controls even when 
endometriomas were present at the time of oocyte re-
trieval.  On the contrary, women who did not receive 
pre-ART treatment with OC has significantly lower 
outcome when endometriomas were present.  When 
using pre-ART treatment with OC, it is necessary to 
observe a 6-day recovery interval – OC-COS – for as-
suring that the ovarian response to COS is not imped-
ed.  Moreover, the OC pill causing a profound sup-
pression of endogenous LH 13 mandates using some 
form of LH effect during the late stage of COS14.  In 
our hands, we reported that the ovarian suppression 
using OC offered optimal pregnancy rates, while caus-
ing far less side effects than ovarian suppression using 
GnRH-a 12.   

Conclusion
Infertility in case of endometriosis mandates the de-
ployment of a global approach in order to tailor indi-
vidual therapeutic options offered according to each 
patient’s best interests.  Early on in the infertility 

workup it is worth assessing whether that patient’s in-
fertility is best approached by (i) surgery, or (ii) ART.  
The algorithm used at Cochin is outlined in Fig. 4.  In-
fertility-wise, surgery enhances the chance of conceiv-
ing naturally during the ensuing 6-18 months.  Hence, 
it is first necessary to determine whether natural con-
ception is possible before scheduling the surgical pro-
cedure.  Therefore, it is necessary to assess the sperm 
quality (>1Mi motile sperm/specimen) and tubal sta-
tus.  It is also indispensable to determine Fig. 4. Infer-
tility and endometriosis: therapeutic algorithm. 
Conversely, when the patient’s age and/or ovarian re-
serve status precludes the possibility of waiting for 
6-18 months after surgery or when the sperm and/or 
tubal status are incompatible with natural pregnancy, 
ART should be undertaken immediately.  In these lat-
ter cases, pre-ART suppression of ovarian function is 
recommended using either GnRH-a for 3-6 months or, 
OC for 6-9 weeks.  In case of pre-ART use of OC, it is 
necessary to allow an OC-COS interval of 6 days for 
permitting the proper recovery of ovarian function.  It 
is also necessary to assure an LH effect using either 
minihCG or hMG in the late stage of COS to counter-
act the profound gonadotropin suppression – including 
LH – induced by OC.  In principle, surgery is not war-
ranted prior to ART, as it has been shown to either not 
help or, most often bear detrimental consequences for 
ART outcome.  
The new rule proclaiming ‘no-surgery-before IVF’ 
knows certain exceptions however.  Indeed, surgery is 
to be considered before ART in case of: (i) pelvic pain 
;(ii) hydrosalpynges;(iii) large endometriomas (5-7cm) 
and; (iv) when doubts exist as to exact nature of the 
ovarian pathology seen on pelvic imaging.  Strict abid-
ance to this algorithm, will be ultimately avoid that the 
patient’s final treatment of infertility and endometri-
osis solely depends on the primary activity of doctor 
who was first encountered, as it is still too often the 
case. 

Dominique de Ziegler
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Abstract
One of the still untreatable subgroups of female infertility is the group of 
women suffering from absolute uterine factor infertility (AUFI), which 
is due to either absence of the uterus or that a present uterus is non-func-
tional in terms of ability to provide the necessary local environment that 
is required for initiation/continuation of pregnancy. Uterus transplantation 
(UTx) may become a future treatment for women with AUFI. This review 
summarizes the AUFI patient populations that may become candidates for 
UTx and the non-human primate research experiments, which have paved 
the way for the experimental human UTx cases that are currently under-
way. Additionally, the few human cases that have been performed and the 
ethics around human UTx will be commented. It is further pointed out 
that experimental human UTx should only be done under a strict scientific 
protocol by a group with extensive research experience in the field and in 
a facility with expertise in advanced extraperitoneal gynecologic surgery, 
transplantation surgery, reproductive medicine and high-risk obstetrics.
Key words: human; infertility; non-human primate; transplantation; uterus

Introduction
Parenthood is unquestionably one of the most important expectations in 
life. Consequently, infertility is a worldwide public health issue and the 
prevalence in women aged 20-44 years is approximately 9 %, with a range 
of 3.5–16.7 % depending on specific populations . While many infertile 
couples overcome their situation and become parents, some after infertility 
treatment and others through adoption or surrogacy, many couples remain 
involuntary childless. One such group is the women with absolute uterine 
factor infertility (AUFI), because of lack of the uterus or presence of a 
non-functional uterus. The causes of AUFI will be further discussed below.
Transplantation of organs/tissues is not only restricted to those with 
life-threatening illnesses. In recent years, also quality-of-life enhancing 
transplantation types, such as transplantation of the face, hand and larynx, 
have entered the clinical arena. It is quite possible that uterus transplanta-
tion (UTx), as a treatment of AUFI, will soon be added to this list of qual-
ity-of-life enhancing types of transplantation. In addition, UTx will be a 
life-propagating type of transplantation, similar to ovarian transplantation .
Research in the field of UTx has been very active during the last decade, 
covering experiments in many animal models including rodents , rabbits  
and large domestic species . Important issues that have been resolved in 
these studies are uterine tolerability to cold  and warm  ischemia, pregnan-
cy in non-rejection setting , rejection mechanisms , suitable immunosup-
pression  and pregnancy after allogeneic UTx . The research on UTx has 
lately come to include also a substantial number of studies performed in 
non-human primate species and these studies are described and discussed 
below. 
Absolute uterine factor infertility (AUFI)
Absolute uterine factor infertility (AUFI) is either congenital or acquired 
and can also be grouped into absolute or relative. The group of women 
with AUFI constitutes approximately 3-5 % of the infertile female popu-
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United States, but with a 2-fold higher prevalence in 
Afro-American woman . In total, approximately 1% of 
all women between 30 and 34 years and around 2.5 
% of those between 35 and 39 years have been hys-
terectomized due to leiomyoma in the United States 
. Hysterectomy, secondary to leiomyoma, is naturally 
the most obvious group of leiomyoma-related AUFI. 
However, more often leiomyoma will lead to infertility 
in a woman that still has her uterus , with both structur-
al and biochemical factors contributing to this leiomy-
oma-related infertility . In a thorough review of a large 
IVF population, it was shown that larger (> 4 cm) and 
subendometrial leiomyoma are those that cause infer-
tility . A large extent of the leiomyoma-related infertile 
population can be treated by myomectomy , but some 
remain infertile. 
One cause of hysterectomy during fertile age is cervi-
cal cancer, which worldwide is one of the most com-
mon gynaecological malignancies in females , but with 
considerably lower incidence in countries with cervi-
cal cytology screening programs. Around 30-40% of 
cervical cancer patients in developed countries are of 
fertile age at diagnosis . Tumors of low stage can be 
treated by uterine-sparing surgery (conization, tra-
chelectomy) but radical hysterectomy is the recom-
mended treatment for larger stage Ib-IIa tumors. The 
ovaries can be spared in squamous cell carcinoma of 
the cervix because the risk of ovarian metastasis is 
very low. 
Emergency peripartum hysterectomy is performed to 
save the life of the mother in situations of severe bleed-
ing due to uterine rupture/atony, invasive malplacenta-
tion or uncontrolled bleeding at caesarean section. The 
incidence of hysterectomy at delivery is today around 
50 in 100 000 deliveries , but an increasing rate is seen 
due to the more frequent use of caesarean section as 
mode of delivery.
Intrauterine adhesions generally occur secondary to in-
trauterine infections (primarily genital tuberculosis) or 
surgical abortions . If the intrauterine adhesions are left 
untreated an infertility rate of >50 % can be expected . 
Hysteroscopic lysis of adhesions can restore the uterus 
cavity but the majority of women with severe intrau-
terine adhesions remain infertile in spite of surgery .

Non-human primates and UTx
No group of animals has a greater resemblance, con-
cerning anatomy and physiology of the reproductive 
organs, to the human female than female non-human 
primates. In higher primates, the uterus is simplex, 
with a single cavity. The arterial inflow of the non-pri-
mate uterus is alike the human uterus, mainly through 
the uterine arteries, but with extensive blood flow also 

through the vaginal and ovarian arteries. The venous 
outflow is through several uterine and vaginal veins 
and especially through the ovarian veins, which con-
verge into two major veins before their inlet into the 
caval vein and the left renal vein. The ageing female 
non-human primate exhibits a natural menopause, not 
characteristic of most other higher animal species . 
Two species of non-human primates have been sub-
jected to research involving UTx, the macaque and ba-
boon. In the sections below, the existing non-human 
primate UTx research experience is summarized

Avascular UTx
Pioneering work in non-human UTx research was per-
formed more than 40 years ago, by James Scott and 
co-workers. The experiments on avascular UTx in-
cluded both autologous and allogeneic trials in rhe-
sus macaques . A midline low abdominal incision was 
made to perform subtotal hysterectomy and bilateral 
salpingectomy en bloc. The ovaries and cervical stump 
was left in situ. No information is given concerning 
flushing of the graft or ischemic times. At transplan-
tation, the cervical stump was sutured (interrupted 4-0 
catgut sutures) to the lower uterine segment over a 
splint and the fimbriaes of the oviducts were reattached 
to their normal positions on the ovaries, by single 4-0 
sutures. To accomplish vascularization of the graft the 
omentum was brought into the pelvis and wrapped 
around and sutured to the uterus and oviducts, so that 
the omentum completely enveloped these organs. This 
procedure would enable revascularization of the uter-
us plus oviducts through ingrowth of vessels from the 
omentum. In the four rhesus macaques with autolo-
gous avascular UTx, 3 out of 4 resumed menstruation 
but no pregnancy was seen in spite of 10 months of 
breeding attempts. At autopsy, the uterus had normal 
size and gross morphology. Histology showed normal 
endometrium in all cases. However, all oviducts were 
nonpatent with fibrosis of the tissue. The allogeneic 
avascular UTx attempts were without immunosuppres-
sion. Consequently, the four grafts showed progressive 
rejection-associated changes, with abundant uterine 
necrosis during the second postoperative week. 

Autologous UTx
Autologous transplantation is usually conducted ear-
ly in organ-specific experimental transplantation re-
search, in order to only test the effects of the surgical 
approach and of ischemia reperfusion on the survival 
of the graft. In the more complex allogeneic transplan-
tation, effects of rejection and immunosuppression to 
avoid rejection are factors that are added to this com-
plex experimental situation. Thus, autologous or syn-
geneic (between genetically identical individuals) UTx 
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lation.The size of this group has been estimated to be 
around 13 000 only in the UK . This would correspond 
to around 17 000 in Egypt and 80 000 women with 
AUFI in the Middle East region.
One large subgroup of women with congenital AUFI 
is the women with Müllerian duct anomalies (Fig. 1). 
The Müllerian ducts are of mesodermal origin and are 
the primary roots of the internal female reproductive 
organs. During fetal life, the ducts differentiate to form 
the Fallopian tubes, uterus, uterine cervix and the up-
per 2/3 of the vagina. The incidence of uterine malfor-
mations in the general population is estimated to be 
around 4.3% . Naturally, the incidence of Müllerian 
duct anomalies is higher among infertile women and 
in those having recurrent spontaneous abortion, rates 
up to 15% have been reported . It should be clearly 
stated that a majority of these congenital uterine mal-
formations are not associated with infertility, as further 
discussed below. 
The most prevalent type of congenital uterine anomaly 
among infertile women is the septate uterus , which is 
the result of incomplete resorption of the central parts 
of the Müllerian ducts after fusion (Fig. 1). The septate 
uterus constitutes around 1/3 of all uterine malforma-
tions . Spontaneous abortion is seen in about 80% of 
pregnancies in untreated septate uteri . Hysteroscopic 
resection is an effective treatment and markedly de-
creases the rate of spontaneous abortion, but a small 
proportion of these women remain infertile .
The second most common type of Müllerian duct 
anomaly is the bicornuate uterus (Fig. 1), where dis-
turbed fusion of the Müllerian ducts, gives rise to bilat-
erally fully developed uterine horns with a single cer-
vix and vagina. This malformation represents around 
1/4 of all uterine malformations . The rate of sponta-
neous abortion among women with bicornuate uteri 
is around 35% . Surgery may normalize the increased 
rate of spontaneous abortion , but a large number of 
women with bicornuate uteri will not be able to carry a 
pregnancy to the third trimester. 
The less common uterine malformation type of uni-
cornuate uterus (Fig. 1) comprises around 10% of the 
uterine malformations . Disturbed development of one 
of the Müllerian ducts results in the unicornuate uter-
us, with or without (Fig. 1) a contralateral rudimentary 
uterine horn. Such a rudimentary horn could be either 
communicating or non-communicating. It should be 
noted that there often exists renal agenesis on the con-
tralateral side of unicornuate uterus . The unicornuate 
uterus is associated with infertility in some cases and 
any pregnancy in a unicornuate uteri should be con-
sidered a high-risk pregnancy since this malformation 

is associated with increased risk of preterm labour 
(43%), spontaneous abortion (34%) and ectopic preg-
nancy (4%) . A rudimentary uterine horn that contains 
functional endometrium should be surgically removed, 
in order to prevent menstrual cycle-related pain but 
surgery does not improve the pregnancy potential . 
A total failure of fusion of the Müllerian ducts results 
in a didelphic uterus (Fig. 1), i.e. two separate uterine 
horns without a common cavity. This malformation 
represents around 10% of the total group of uterine 
malformations . In didelphic uterus, the duplication of 
the vagina and the cervix may be partial or complete. 
The usual form is that of two separated uteri but with 
the endocervical canals fused at their distal ends. The 
potential to establish a pregnancy in a didelphic uterus 
is decreased and in case of pregnancy, around 30% will 
end in miscarriage and the total live birth rate is only 
around 50% . Surgery does not improve the pregnancy 
potential of the didelphic uterus . There exist reports of 
simultaneous pregnancies in each didelphic horn, with 
long intervals between deliveries , that would indicate 
origin in different ovulatory cycles.
The most extensive type of Müllerian duct anomaly 
is uterine agenesis, which represents around 3% of all 
these congenital uterine malformations  and it is seen 
in around one in every 5000 newborn girls . Typically, 
these women have a rudimentary solid bipartite uterus 
in combination with absence of the vagina above the 
hyminal ring. The syndrome is generally named the 
Mayer-Rokitansky-Küster-Hauser (MRKH) syndrome 
or simply the Rokitansky syndrome. Three subtypes 
of the MRKH syndrome exist. The typical subtype, 
which goes without extrauterine malformations, is 
present in around 50%. The atypical MRKH subtype, 
with associated malformations in the renal and audito-
ry system, is present in around 20%. In the remaining 
30% of MRKH patients a severe form exists with typ-
ical malformations also in the skeleton of the upper 
back and neck . The outcome of gestational surrogate 
pregnancies with MRKH patients as the genetic moth-
ers  does not indicate any increased malformation risk 
in offspring. 
Leiomyoma is probably the most common cause of 
AUFI (Fig. 1). There exist reports of prevalence fig-
ures, among reproductive-aged women of selected 
populations, as high as 20-40% . However, a more 
true prevalence may be that of around 5.5%, which 
was reported in a random sample of Swedish wom-
en between 25 and 40 years . In that study, a higher 
prevalence (8%) was seen in the subgroup of older 
women between 33 and 40 years of age. A compara-
ble prevalence was seen in Caucasian women in the 
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followed by flushing at back-table with proper organ 
preservation solution (HTK solution) and parts of the 
main trunks of the internal iliac arteries were included 
in the graft to achieve a larger arterial anastomosis end, 
with one of the arterial ends of the graft first coupled 
end-to-end to a posterior internal iliac artery (Fig. 2b) 
and this arterial construct was then anastomosed end-
to-end to the proximal end of the internal iliac artery 
(Fig. 2b). An extended dissection of the venous pedi-
cle, up to and including patches of the vena cava/left 
kidney vein, was performed to enable establishment of 
the venous anastomosis to the external iliac vein utiliz-
ing a graft vein with a wall of reasonable thickness. The 
animal survival with this modified technique was 100 
% and 80 % of these animals resumed cyclic hormo-
nal patterns. Importantly, the success rate of the grafts 
increased 3-fold from the original study  since 60 % of 
the animals presented with resumed regular menstrua-
tion . However, despite repeated attempts with timed 
mating of these animals, no pregnancy occurred. Tu-
bal blockage was seen in all animals at post-mortem 
analysis and it is likely that this had occurred shortly 
after transplantation as a consequence of surgical or 
ischemic trauma to the oviducts of the graft. These re-
sults of bilateral tubal blockage are in line with those 
seen after avascular UTx in the rhesus macaque . The 
surgical time for graft recovery was around 2.5h and 
anastomosis surgery at transplantation took around 1h. 
The total surgical time was still somewhat longer than 
6h, mostly due to an extended cold ischemic period on 
the back-table, during flushing and blood vessel recon-
structions.
The cynomolgus macaque has also been used for au-
tologous UTx experiments . This non-human primate 
has a considerably smaller body size than the baboon, 
and in the two animals used in the initial UTx study 
of this species , the bodyweights were 3.6 and 4.2 kg. 
The small size of the animal is probably one factor un-
derlying the long surgery time with uterine recovery 
extending over 6-8h. The recovery surgery included 
isolation of the uterus with bilateral dissection of the 
uterine arteries and the largest uterine veins, which in 
one case was the deep uterine veins and in the other 
case the superficial uterine veins.  Back-table prepa-
ration included flushing with heparinized saline and 
trimming of the vessels. Vascular anastomosis was ac-
complished bilaterally with the uterine vessels anasto-
mosed mainly end-to-side to the external iliac vessels, 
but with occasional end-to-end anastomosis to the in-
ternal iliac artery. The anastomosis surgery was com-
plicated since most of the vessels had a diameter of 
less than 1 mm, and this may be one explanation to the 
long total durations of surgery of over 10 h with warm 

ischemia for more than 5 h in both cases.  Even if one 
animal died shortly postoperatively, the demonstration 
of restored menstruation after 4-5 months in the other 
animal showed the feasibility of this UTx technique 
also in this smaller non-human primate species.
In a follow-up study, four cynomolgus macaques un-
derwent autologous UTx . The total surgery duration 
was between 12.5 and 17.5 h, with warm ischemia var-
ying from 4 to 6 h. Depending on specific anatomy and 
vessel sizes of each animal, either bilateral or unilater-
al uterine vessel anastomosis end-to-side to the exter-
nal iliacs were accomplished. By the use of fluorescent 
indocyanine technique it was demonstrated that also 
unilateral uterine vessels anastomosis was sufficient to 
perfuse the entire uterus. However, the long-term sur-
vival of the animals was only 25% and it is not stated 
what specific anastomosis technique was used in the 
surviving case that also demonstrated menstruations 
within 6 months after surgery. Another study from the 
same research group investigated the contribution of 
uterine blood flow feeded via the uterine arteries, as 
compared to the ovarian arteries, after transection of 
the vagina . In that study, indocyanine green fluores-
cent imaging was used with clamping of either vessel 
and analysis of the uterine hemodynamics showed that 
only clamping of the uterine vessels, but not the ovari-
an vessels, decreased uterine perfusion. 
Recently, the first pregnancy ever after any type of 
UTx procedure in a non-human primate species was 
reported in a study of autologous UTx, involving two 
cynomolgus macaques with differences in the specif-
ic vascular anastomosis techniques used . The animal 
with unilateral anastomosis of the uterine artery and 
ovarian vein to the external iliacs did not resume spon-
taneous menstruation and no pregnancy occurred. In 
the other case, with resumption of menstruation, bilat-
eral uterine artery anastomosis was accomplished and 
venous outflow was through one deep uterine vein and 
the contralateral ovarian vein. Natural mating resulted 
in a pregnancy that developed normally until placental 
abruption occurred near term. A live offspring was de-
livered but it showed signs of fetal distress. This is the 
first case of offspring after UTx in any primate species. 

Allogeneic UTx
The first published report of vascular allogeneic UTx in 
rhesus macaques, used an initial set of animals to study 
the pelvic anatomy and to perform sham retrieval and 
transplantation of the uterus . Subsequently five alloge-
neic transplantations of the uterus, including vascular 
pedicles of aorta and vena cava, were performed. This 
technique is similar to graft recovery from a deceased 
donor since extensive parts of the central vascular bed 
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have also been used in initial research on UTx. Due 
to absence of inbred primate strains, all these initial 
non-human primate UTx experiments have involved 
autologous UTx.
In preparation for the first human UTx case, performed 
in Saudi Arabia in year 2000, some experiments in-
volved UTx-like experiments in the baboon . The ex-
periments involved 16 female nulliparous baboons of 
2-4 years age and with an average weight of around 
16 kg. Through a midline incision, hysterectomy with 
partly preserved vasculature was performed and the 
uteri were flushed with Euro-Collins solution through 
the veins. The first 8 animals underwent end-to-end 
uterine vessel anastomosis but occlusions at this site 
was seen in majority of the cases . It is not specifi-
cally stated at what level the end-to-end anastomosis 
was done or what size of sutures were used. Our own 
experience of UTx in the baboon , is that the uterine 
artery has an inner diameter of less than one mm at the 
level above the branching of the umbilical artery and 
that the uterine veins also are fairly tiny. In the second 
part of the study of Fageeh and co-workers , also in-
volving 8 animals, the surgical technique was altered 
to end-to-side anastomosis between the uterine vessels 
and the internal iliac vessels. The technique was not 
described in any detail, but it was stated that vascular 
patency was demonstrated in 90 % of the anastomot-
ic sites and in general that survival of the grafts were 
seen with good long-term vessel patency. This descrip-
tion of graft survival was based gross morphological 
observations, such as evaluation of color and texture, 
carried out in conjunction with euthanasia 6-12 weeks 
after UTx. Importantly, morphological assessment by 
light and electron microscopy, was not performed and 
facts concerning the important functional parameter of 
restored menstruation was not reported. 
In our initial study on autologous UTx in the baboon, 
also the ovaries, the Fallopian tubes and vessel pedi-
cles of the ovarian veins and the uterine arteries/anteri-
or branches of the internal iliacs, were included in the 
uterine graft . The reason for including also the ova-
ries in the transplantation procedure was that external 
perineal inspection of the animals could easily detect 
resumed ovarian cyclicity and thereby ovarian graft 
function. Menstruation, as an added parameter, would 
provide data on uterine functionality. In these experi-
ments, we simplified the transplantation procedure by 
performing extensive preparatory work of the vascula-
ture of the internal genital tract on the back-table. The 
ends of the vascular pedicles of the uterine arteries and 
the ovarian veins were first anastomosed side-to-side 
on the back-table to create one arterial end and one 
uterine end (Fig. 2a) using 8-0 and 9-0 sutures, respec-

tively. The uterus was brought back into the abdomen 
of the animals and the two vascular ends of the graft 
were then unilaterally anastomosed end-to-side to the 
external iliac vessels (Fig. 2a) using 8-0 sutures. 
 In these initial experiments , the total duration of sur-
gery (organ recovery, organ flushing with back-table 
preparation, transplantation) of the 10 female baboons 
was somewhat longer than 6h, whereof the retrieval 
took almost 3h. The duration of anastomosis surgery, 
when the graft gradually is warmed, was just over 1 
hour and the total ischemic period was almost 3h. In 
spite of the long surgical time, the long-term animal 
survival was 90 %, with one baboon dying within 12h 
after surgery. That animal experienced multiple arryth-
mic episodes during surgery and post mortem exami-
nation showed cardiomyopathy. Ovarian cyclicity was 
resumed in 5 out of the 10 animals, but menstruation 
was only seen in 2 animals. These two animals were 
followed for more than one year and menstruation con-
tinued normally. Histological examination of the tissue 
after euthanization, around 18 months post UTx, con-
firmed normal uterine morphology, but with presence 
of extensive adhesions around the entire internal gen-
ital tract. It should be pointed out that the low success 
rate of 20%, which may have been caused by relative 
stenosis at the vascular anastomosis lines, was in spite 
of that the surgical team had extensive training of UTx 
procedures in both the swine  and sheep  models.
In our follow-up study on autologous UTx in the ba-
boon , we initially repeated the surgical procedure of 
our first non-human primate UTx paper . Among these 
initial 6 animals, two animals died shortly after surgery 
because of bleeding/peritonitis. The surviving animals 
resumed cyclicity within 4 months but no menstruation 
occurred. At euthanization, viable ovaries were seen 
but the uteri had shrunken into small nodules of fibrot-
ic tissue, with no vascular connection to the ovaries. 
Since both the ovaries and the uterus were supplied by 
the same blood flow of the uterine arteries in that trans-
plantation model, the results indicate that postsurgical 
blood flow was insufficient for continued uterine via-
bility but that the ovaries survived the ischemia and es-
tablished new blood supply by neoangiogenesis. This 
is compatible with that avascular transplanted ovarian 
tissue, showed survival both in the baboon model  and 
in the human .
Since the results were poor in terms of graft survival in 
the initial series of this second paper on baboon UTx   
everal modifications were tested to possibly improve 
the results. An experienced transplant surgeon joined 
the team, and the technique was modified so that the or-
gan was preflushed with heparinized saline which was 
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The most obvious advantage of organ retrieval from a 
deceased donor is naturally that the surgical risk im-
posed on a healthy donor is avoided. There is also the 
obvious advantage that the extent of the vasculature 
at organ retrieval can be increased and this may make 
it possible to create more favorable sites for vessel 
anastomosis at transplantation into the recipient, with 
also the possibility to perform only one arterial (aor-
ta) and one venous (vena cava) anastomosis. However, 
in uterus retrieval from female multiorgan donors, the 
uterus will most likely be retrieved after procurement 
of all other traditional/vital types of transplantation or-
gans, such as the kidneys, liver and the heart. This may 
negatively affect the extent of vasculature that can be 
retrieved.
Lately, the field of tissue engineering technologies has 
been expanded and successful reconstruction of sev-
eral different tissues, such as the trachea and the oe-
sophagus, have been presented . This technique of en-
gineering new organs/tissues from synthetic materials 
or decellularized natural tissues may also be a solution 
for organ demand at UTx, and a great advantage would 
be that the recipient´s own stem cells would be used to 
colonize the matrix and the recipient would not need 
any immunosuppressant therapy. 
There exist two human studies that have looked at 
techniques for human uterus recovery. The first study, 
carried out in New York City, attempted to recover the 
uterus with inclusion of complete internal iliac vessels 
bilaterally as part of a multi-organ donation . During 
a period of six months, there were almost 150 mul-
ti-organ procurements in females that were identified 
as potential donors of a uterus. Donor inclusion criteria 
included age (16-45 years), recent normal tests for cer-
vical dysplasia and HPV infection, regular menses, no 
previously known infertility and normal uterine anat-
omy according to results of recent magnetic imaging. 
Exclusion could be on basis of infectious disease (hu-
man immunodeficiency virus, hepatitis), leiomyoma 
larger than 10 mm, gynecologic cancer, endometriosis 
or malformations of the uterus. The intention was to 
secure the complete internal iliac vessels up to the bi-
furcation of the common iliacs, for possible anastomo-
sis to the internal iliac vessels of a recipient. It should 
be noted that only seven cases were included in the 
study since some were excluded based on the criteria 
mentioned above and since donation of the uterus for 
research purposes was only accepted by the immediate 
family of the multiorgan donor in nine of the 150 cases. 
In the seven organ retrievals that were carried out, the 
intended vessel pedicles were procured in two women 
and in the remaining five cases only the anterior por-
tion of the iliacs were included in the graft. In two of 

the cases a unilateral loss of the uterine vessels led to 
use of the ovarian vein. It is worth noticing, as also 
stated above, that only 6% of potential donor families 
consented to donation of the uterus specifically . The 
low consent rate can naturally be explained by the fact 
that this was a research study rather than actual dona-
tion and that the concept of uterine and UTx is new and 
largely unheard of. However, it may also be related to 
that the uterus carries a symbolic feature of woman-/
mother-hood and people may regard uterus donation 
more questionable than donation of other types of or-
gans. It may well be that unwillingness to include a 
uterus on the list of consented organs from deceased 
young females may in the future lead to shortage of 
uterus grafts from deceased donors.
The second study on the issue of uterus recovery, eval-
uated the feasibility of uterus retrieval from live donor 
by to some extent simulating a retrieval operation and 
to estimate the uterine vessels recovered during a radi-
cal hysterectomy . This study, performed by our group, 
involved extra dissection of the uterine veins at radical 
hysterectomy. The results were that blood vessel dis-
section of the vessels added around 30 min to a radical 
hysterectomy procedure. No differences were detected 
regarding peri- or postoperative morbidity. The free 
ends of the procured uterine arteries were around 65-
70 mm in length and the corresponding free ends of 
the uterine veins had lengths of 50-55 mm. Since the 
inter-external iliac artery distance was around 90 mm, 
the vascular lengths that were obtained would provide 
enough extents for bilateral end-to-side anastomosis to 
the external iliac vessels. 
Up until today, 6 human UTx attempts have been per-
formed, with the last 4 performed by us in Sweden in 
September-October 2012. Our cases (our unpublished 
results) involved live uterus donation from close rela-
tives (mothers, aunt) to young females with AUFI. We 
have ethical permission to perform a case series of 10 
patients and the surgeries will be completed during the 
spring of 2013. All our patients have undergone IVF 
treatment prior to UTx and have embryos cryopre-
served, in preparation for embryo transfer that will be 
performed around 12 months after UTx.
The first human UTx trial was performed in year 2000 
in Saudi Arabia . A 26-year-old woman, who had pre-
viously undergone an emergency peripartum hysterec-
tomy due to life-threatening bleeding, underwent UTx 
with a graft including the uterus and oviducts. The graft 
was from an unrelated 46-year-old live donor, who was 
undergoing elective surgery because of bilateral be-
nign ovarian cysts. The vascular pedicles of the uterine 
vessels were short and at back-table both uterine arter-
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can be included in the graft. The anastomosis site of 
the recipient was chosen depending on the specific 
anatomy of each individual animal, following a pre-
ferred hierarchy of internal iliac vessels, external iliac 
vessels, common iliac vessels and aorta together with 
vena cava.  As immunosuppressant, cyclosporine was 
used but neither doses nor blood levels were described 
in the paper. It should be pointed out that since no re-
sults in terms of animal or graft survival were reported, 
it is not known whether this single immunosuppressant 
therapy effectively prevented rejection, without any 
serious systemic side-effects. 
 We have also performed allogeneic UTx in a non-hu-
man setting, using the baboon model with transplanta-
tion of a uterine graft from a living donor . The study 
included 18 animals undergoing uterus donation sur-
gery. Uterus recovery surgery included excision of the 
oviducts and ovaries from the uterine graft, dissection 
of the ureters to separate the uterine arteries with inclu-
sion of the major parts of the internal iliac arteries and 
dissection of the ovarian veins with inclusion of caval/
left renal vein patches. The recovery surgery extended 
over around 3h and importantly the surgical and imme-
diate postoperative survival was 100%. Various immu-
nosuppression protocols were tested and it was found 
that induction therapy with anti-thymocyte globulin 
(ATG) followed by triple immunosuppression with 
tacrolimus, mycophenolate and corticosteroids was 
compatible with long-term graft survival. The short-
term survival rate (i.e. the surgical survival) was 100% 
also in the recipients, which also experienced surgical 
times of around 3h. Following transplantation, all re-
cipients showed episodes of rejection, which were re-
solved when treated properly. Although hormonal cy-
clicity reappeared in some animals (40%) as a sign of 
wellbeing, none showed resumed menstruation during 
the study period. 
In another study of allogeneic UTx in the baboon, us-
ing a graft from a deceased donor, anastomoses were 
performed with the aorta and vena cava of the graft to 
the recipient´s aorta and vena cava (our unpublished 
results). The immunosuppression protocol was an 
identical induction plus triple immunosuppression pro-
tocol as described above. Although episodes of graft 
rejection have occurred, these have been successfully 
treated and graft survival over 12 months is now es-
tablished. 

Human UTx 
The experience in human UTx research is because of 
obvious reasons limited. Some years ago, we conduct-
ed a study on human uterine tissue to assess the tolera-
bility to cold ischemic preservation . Small tissue piec-

es of hysterectomy specimens, with the tissue samples 
containing myometrium and endometrium, were sub-
jected to cold ischemia for times up to 24 h. Uterine 
tissue that had been preserved in proper preservation 
solutions showed well-preserved ultramorphology, 
and spontaneous as well as prostaglandin-induced con-
tractions. These findings would indicate that a human 
uterus is relatively tolerable to cold ischemia. 
In the context of human UTx, it is appropriate to dis-
cuss alternative sources of organs. The general field 
of transplantation surgery has developed immensely 
during the last decade and shortage of organs is a uni-
versal problem, with many patients dying while await-
ing transplantation of suitable organs. The source of 
organs/tissues for transplantation is mainly brain-dead, 
heart-beating donors. The organ shortage has led to 
more usage of non heart-beating donors and living do-
nors. Both the number of deceased and living donors 
varies between different regions due to organisation, 
cultural, religious and legal issues. Today, live organ 
donation is practiced in kidney, partial liver and single 
lung transplantation. 
In a human UTx situation, both living and deceased 
donation can be considered, with advantages with ei-
ther approach. The uterus retrieval and transplantation 
procedures, especially with an organ recovered from a 
live donor, are complicated. The difficulties lie in that 
long vascular pedicles have to be obtained bilaterally 
and to establish arterial and venous anastomoses have 
to be achieved bilaterally. Although dissection of the 
uterine arteries with mobilization from the ureters is 
a standard procedure in abdominal radical hysterec-
tomy, the dissections of the thin-walled uterine veins 
that run over or under the ureters are complicated and 
time-consuming. The potential benefits of live dona-
tion are the possibility to plan the surgical procedure in 
advance, with both parties of the transplantation in the 
best possible physical condition, and that the organ, 
being exposed to minimum ischemic time, will be in a 
favorable state as shown in large series of kidney trans-
plants . Naturally, the source of potential uterus dona-
tion candidates in the family could be large, since sev-
eral female family members will have completed their 
childbearing or be of the immediate postmenopausal 
age. Other possible advantages of live donor UTx 
would be that the graft can undergo extensive preop-
erative evaluation providing an opportunity to choose 
an organ with no underlying disease/malfunction, such 
as myoma, polyp, human papilloma virus (HPV) in-
fection or intrauterine adhesions. A requirement of a 
donor uterus from a living donor should be previous 
pregnancy and confirmed live birth, to demonstrate a 
favorable potential for normal pregnancy. 
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preparations of human UTx trials are underway in at 
least 5 more centers worldwide. 
It should be pointed out, that experimental human UTx 
should only be done under a strict scientific research 
protocol after approval by the local or national ethics 
board. The team performing experimental human UTx 
should have extensive research experience in the UTx 
field and it should only be performed in an institution 
with a large transplantation program. Several experts 
have to be involved, with transplant surgeons and ex-
perienced gynecologic oncology surgeons performing 
the surgery, but also with essential roles of subspecial-
ists in reproductive medicine to perform in vitro ferti-
lization before UTx and subspecialists in feto-maternal 
medicine to take care of any pregnancy. 
Figure legends
Figure 1: Schematic drawing of the different uterine 
malformations and other diseases that underly uterine 
infertility. The red cross (upper left corner) indicates 
the nonexistence of the uterus, which is seen in pa-
tients with the MRKH syndrome and in patients that 
have been hysterectomized.
Figure 2: Schematic drawing of vessel anastomoses 
used in baboon UTx experiments. In panel a), the side-
to-side unified ovarian veins and uterine arteries are 
anastomosed end-to-side to the external iliac vessels. 
In panel b), the side-to-side unified ovarian veins and 
the end-to-end unified uterine arteries are anastomosed 
end-to-side to the external iliac vein and end-to-end to 
the internal iliac artery, respectively. 

Fig1 

Fig 2a

Fig 2b
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ies and veins (3 at each side) were elongated by seg-
ments of the saphenous veins. The anastomoses were 
performed with the extended pedicles of the uterine ar-
teries and veins bilaterally end-to-side to the external 
iliac vessels of the recipient. Initially, the surgery and 
the postoperative period of the donor and the recipient 
were without major complications. Immunosuppres-
sive treatment followed a standard triple therapy reg-
imen of cyclosporine, azathioprine and prednisolone. 
One episode of acute rejection was successfully treated 
with ATG. The endometrium responded to sequential 
estrogen and progesterone treatments with prolifera-
tion and withdrawal bleeding. However, uterine pro-
lapse was evident after 3 months and hysterectomy 
had to be performed since the uterus showed signs of 
general necrosis. The graft vessels were thrombosed 
and the authors speculated whether poor uterine fixa-
tion caused uterine prolapse. This would lead to com-
pressed and bended uterine blood vessels, with predis-
position of thrombosis formation. Our opinion is that 
this first human UTx case was performed prematurely, 
considering the scarcity of published research data on 
UTx at that time and also considering the team’s min-
imal preparatory UTx research, which only included 
a small number of autologous UTx procedures in the 
baboon. 
In august 2011, the world’s second human UTx at-
tempt was performed in Turkey, when a 21-year old 
MRKH-patient received a uterus from a 22-year-old 
deceased donor . The recovery from a multiorgan do-
nor lasted around 2 h and the vascular pedicles includ-
ed bilateral uterine arterial and venous supply, up to 
and including the common iliac vessels. The transplan-
tation procedure in the recipient took around 5.5 h and 
included bilateral end-to-side anastomosis of the com-
mon iliac vessels of the graft to the external iliac ves-
sels.  Immunosuppression was by only ATG for 6 days 
and introduction of triple immunosuppression (tacroli-
mus, mycophenolate, prednisolone) from day 7. The 
patient had her first menstruation already 20 days after 
transplantation and the graft has so far survived with 
regular menstrual pattern for 12 months. 

Conclusion
Even if UTx is a great scientific task and a complicat-
ed medical procedure, it may well be that the ethics 
surrounding UTx represents the greatest challenge to-
wards general acceptance of UTx both among health 
professionals, politicians and the public. The ethics 
regarding UTx involves essential issues concerning 
reproduction, parenthood, health costs and medical 
advancements. In the light of that moral, legal and re-
ligious restrictions differ between cultures and coun-

tries, UTx may be accepted under some conditions 
whilst others might find it unacceptable.
As UTx constitutes both a new surgical procedure, 
proposed as a treatment for AUFI, but at the same time 
being a non-life-saving organ transplantation proce-
dure, the ethical analysis of the procedure should be 
assessed by stringent and thorough criteria. A risk-ben-
efit analysis of UTx should include no less than four 
parties; the donor or her immediate family in case of a 
uterus from a deceased donor, the recipient, the partner 
of the recipient, and the possible future child. 
The alternatives to UTx to gain motherhood for pa-
tients with AUFI are adoption or use of gestational 
surrogacy, of which the latter also is complex in ethi-
cal terms. While these two alternatives provide an ex-
cellent option for a large number of infertile couples, 
they may in some cultural, societal, legal or religious 
settings be severely restricted or considered inappro-
priate. Given that UTx is a quality-of-life enhancing 
transplantation procedure, the safety precautions in 
clinical introduction must be rigorous. Because of this 
we have considered the extension of the research on 
UTx to include a non-human primate model vital and 
subsequently as of today we have many years of expe-
rience with non-human primate UTx. Since no other 
animal model provides such a resemblance to the hu-
man regarding reproductive anatomy and physiology   
the non-human primate models are considered to be 
the final step prior to clinical introduction aiming to 
make the initial human UTx attempts as safe as pos-
sible. The inclusion of non-human primate was also 
one of the issues stated in the FIGO ethical guidelines, 
as being desirable before human implementation . It 
should also be pointed out that any team that plan to 
perform human UTx in the future should undergo ex-
tensive training and methodological development with 
the use of large animal models, and these experiments 
should involve, not only the surgical training and pro-
cedure, but all possible aspects of the UTx procedure 
and the subsequent pregnancy including psychological 
evaluation and follow-up of all parties involved. 
Because of the delicate ethical issues surrounding 
UTx, the treatment should only be considered for those 
women with uterine factor infertility, for whom no oth-
er alternative treatment is available. Another important 
point considering UTx is that in spite of the six human 
attempts performed so far, with reported success after 
12 months in one case , the definition of a truly suc-
cessful human UTx procedure is the birth of a healthy 
baby from an allogenically transplanted uterus. It is 
quite likely that this may be reported within the next 
few years considering the initial human cases and that 
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Abstract
Objective: The aim of this work was to assess the role of transvaginal ul-
trasound elastography as a new technique in the diagnosis of endometrial 
pathology in women with postmenopausal bleeding.
Method:A prospective comparative study was conducted at Obstetrics & 
Gynecology and Radiology Departments in Mansoura University Hospi-
tal. In 35 postmenopausal women with vaginal bleeding, transvaginal ul-
trasound elastography was performed and the results were compared to the 
pathological results from dilatation and curettage (D&C).
Results:There was a significant difference of elastography image of en-
dometrium described by elastography index (EI) between patients with 
normal (23%) or atrophic (31%) endometrium confirmed by pathological 
examination and women with abnormal findings like endometrial hyper-
plasia (23%), polyp (17%) or cancer (6%). EI in the group with normal 
or atrophic endometrium was 0 or 1 point and in those with endometrial 
pathology was from 2 to 4 points.
Conclusion: Elastography could be helpful as a new non- invasive diag-
nostic technique in differentiating endometrial pathologies in postmeno-
pausal women.
Key Words: elastography / postmenopausal bleeding / dilatation and cu-
rettage (D&C)and endometrial cancer.    	

Introduction
Postmenopausal bleeding is bleeding that occurs 12 or more months af-
ter cessation menstruation in menopausal age and accounts for 5% of all 
gynecologic office visits. While it is not always a symptom of cancer, the 
exclusion of endometrial hyperplasia and carcinoma is the key issue in 
the evaluation of patients with postmenopausal bleeding. The primary 
evaluation of postmenopausal women who present with abnormal uterine 
bleeding includes a medical history and a pelvic examination. Investiga-
tive studies, such as a uterine biopsy, ultrasound, hysteroscopy or dilation 
and curettage, may be required. Treatment will depend on the cause de-
termined. The most important point is that irregular perimenopausal or 
postmenopausal bleeding should not be ignored or assumed to be a normal 
phenomenon [1].
The preliminary investigation for women presenting with postmenopausal 
bleeding is transvaginal ultrasonography, which is used to identify those 
with a thickened endometrium [2]. A thin endometrium (less than 5 mm)is 
widely accepted as a good predictor of a normal endometrium[3] but this 
has a low specificity for the detection of endometrial carcinoma[4].Other 
investigations include hysteroscopy, dilatation and curettage (D&C), aspi-
ration sampling and saline infusion sonography.[4] 
Elastography is a non-invasive method in which stiffness or strain imag-
es of soft tissue are used to detect or classify tumors. A tumor or a suspi-
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cious cancerous growth is normally 5-28 times stiffer 
than the background of normal soft tissue. When a me-
chanical compression or vibration is applied, the tumor 
deforms less than the surrounding tissue i.e. the strain 
in the tumor is less than the surrounding tissue. Elasto-
grams (images of tissue strain) have been shown to be 
affected by the degree of adherence of the tumor to its 
surroundings, indicating a potential to extend elastog-
raphy to tumor mobility characterization to improve 
diagnostic accuracy and surgical guidance [5].
Aim of the study
The aim of our study was to assess the role of trans-
vaginal ultrasound elastography as a new technique 
in diagnosis of endometrial pathology in women with 
postmenopausal bleeding.

Patients and method
A prospective comparative study was conducted be-
tween May 2013 and December 2013 on thirty five 
patients with postmenopausal bleeding who were 
admitted at Obstetrics & Gynecology Department in 
Mansoura University Hospital and were referred to 
undergo transvaginal ultrasound elastography with 
and without an intrauterine catheter to assess whole 
endometrial length and the elastography images  were 
saved by the use of ElastoScan software in (Hitachi 
– 7500) ultrasound equipment and compared with his-
topathological results made after that by dilatation and 
curettage (D&C).
Endometrium was described by Elastography Index 
(EI) presented by Swiatkowska-Freund & Preis [6] to 
be able to describe the elastography images by num-
bers and to make it easier to evaluate the images and 
to perform statistical analysis as follows:  purple was 
assigned 0 point, blue was assigned 1 point, green 2 

points, yellow 3 points and red 4 point.
In all the patients the standard D&C procedure was 
performed and the obtained material was sent for 
pathological examination. Normal or atrophic endo-
metrium was considered as normal result. Polyp, hy-
perplasia and endometrial cancer were qualified as ab-
normal findings. The results of elastography presented 
as Elastography Index of endometrium were compared 
to the pathological results.

Results
Table 1 shows the relationship between type of lesion 
and patients characteristics as regard age, nullipari-
ty, Diabetes, hypertension and obesity. Data present-
ed in table 1 shows that increasing age, nulliparity, 
DM&HTN and obesity are risk factors for develop-
ment of endometrial hyperplasia and carcinoma in 
women with postmenopausal bleeding.
Table 2 shows that in 54% of the patients (19 wom-
en) no significant pathology was found as normal (8 
patients – 23%) or atrophic (11 women– 31%) endo-
metrium was described by pathologist. In eight cas-
es (23%) endometrial hyperplasia was diagnosed, in 
six cases (17%) endometrial polyp and in two cases 
(6%) endometrial cancer. The significant difference 
in EI was found between patients with normal finding 
results (normal or atrophic endometrium) and women 
with pathologic findings (endometrial cancer, hyper-
plasia or polyp). P value is significant > 0.05 with sen-
sitivity about 100%.
Data presented in table 2 suggested, that normal and 
atrophic endometrium is evaluated as 0 or 1 point of 
EI, and abnormal tissue is softer, coded as green, yel-
low or red and assessed as 2, 3or 4 points.

Table (1) 
The demographic parameters of the patients before starting of treatment.

Obesity
)BMI <30(DM&HTNNulliparity

Age
Type of lesion >65()56-65()45-55

%No%No%No%No%No%No

214214173265377377 Atrophy and normal
(total no 19)

635504252121504383Hyperplasia
(total no 8)

3321710000332674Polyp
(total no 6)

1002100250150250100Endometrial carcinoma
(total no 2)
DM = diabetes mellitus                       HTN = hypertension		  BMI = body mass index
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Discussion
Elastography proved to be very helpful in management 
of the liver, breast or other organs cancer, where neo-
plasmatic transformation causes changes of the tissue 
elasticity as tumors are usually harder than the healthy 
organ [7]. In a case of uterus, as a relatively hard or-
gan, elastography showed the endometrial pathologies 
as softer than normal or atrophic endometrium [8]
Many women undergo dilatation and curettage (D&C) 
for clinical symptoms or sonographic findings, the pro-
cedure performed under general anesthesia brings sig-
nificant complications risk for the patient.In many cas-
es the pathological examination reveals no pathology 
and the patients do not require any treatment [9] .The 
use of transvaginal ultrasound elastography would be 
very useful and might help to avoid these unnecessary 
invasive procedures.
There are some publications presenting results of stud-
ies assessing the elastography significance in the im-
aging of the uterine cervix changes taking place before 
delivery [10, 11, 12, 13]. It was found useful in detect-
ing the patients with better chances for labor induction 
success. Similar study is being conducted to check the 
usefulness of elastography in predicting preterm deliv-
ery. Only three publications were found in the literature 
concerning application of elastography in gynecology 
[8, 14, 15]. Authors proved, that in relation to the hard 
uterus and cervix, softer pathologic tissues were easy 
to present in the elastoscan [14, 15].
There is no available publication in the literature to 
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Table (2) 
presents EI in groups of patients with different pathological findings.

Result of D&C Number % EI P value

Normal 8 23 0-1

< 0.05

Atrophic 11 31 0-1

Hyperplasia 8 23 3

Polyp 6 17 2-3

Endometrial cancer 2 6 4

Total 35 100 0-4

assess the sensitivity of elastography in detecting en-
dometrial pathologies in upper uterine segment so we 
performed a new technique by applying displacement 
to upper uterine segment by inflating a pediatric rubber 
catheter with fluid inside and obtaining a second image 
of uterine wall under displacement which revealed that 
any endometrial pathology in upper uterine segment 
was detected by the elastography.
In our study group the sensitivity of this method in di-
agnosis of endometrial pathology in postmenopausal 
bleeding was 100% as no patient with any endometrial 
pathology had EI below 2 in agreement with the study 
done by Krzysztof1 P, et al., 2011 [8]. Elastography 
has key benefits as it provides a simple, low-cost al-
ternative to magnetic resonance imaging (MRI) for 
the diagnosis of uterine, cervical and pelvic disorders, 
unlike conventional ultrasound, holds potential for dis-
tinguishing between fibroids and adenomyosis in the 
uterus and could be used to distinguish endometrial 
cancer from benign uterine disorders such as hyper-
plasia [16].

Conclusion
These preliminary results suggest that transvaginal ul-
trasound elastography may be used for differentiation 
between endometrial pathologies in postmenopausal 
bleeding which helps in early diagnosis and manage-
ment especially in cases of endometrial carcinoma im-
proving their survival rate. More research is needed to 
confirm these findings and develop more quantitative 
methods to assess lesions. 
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Abstract
Objective: Evaluation of the endometrial thickness and pattern on the day 
of human chorionic gonadotropin (HCG) administration as a predicting 
factor for the clinical pregnancy rate, the implantation rate, and the miscar-
riage rate in intracytoplasmic sperm injection (ICSI) cycle.
Patients and method: A retrospective study performed in Fertility Care 
Unit (FCU) at Mansoura University Hospital, Mansoura, Egypt. Couples 
were recruited for management of infertility for different causes by ICSI 
through controlled ovarian hyperstimulation (COH) with pituitary down 
regulation by either gonadotropin releasing hormone (GnRH) agonist or 
antagonist. The endometrial thickness was defined as the distance from the 
point of the endometrial-myometrial junction on one side to the same point 
on the other side and patients were divided into three groups regarding the 
endometrial thickness into three group ; group 1 were the endometrium 
thickness was less than 7 mm , group 2 thickness from 7 mm to 14 mmand 
group 3 were thickness above 14 mm. After fertilization through ICSI, 
2-4 good quality embryos were transferred transcervically 2-5 after oocyte 
retrieval. The main outcomes were clinical pregnancy rate (CPR), implan-
tation rate (IR) and miscarriage rate (MR).
Results: Clinical pregnancy rate increased from 25% among patients with 
an endometrial thickness less than 7 mm to 69.2% among patients with 
an endometrial thickness of 7– 14 mm. In the group of patients with an 
endometrial thickness more than 14 mm, the clinical pregnancy rate de-
clined to 52.2% with a statistically significant difference among the three 
groups. Also the implantation rate among the three group show stastically 
significant difference as it increased from 15.28 ± 28.73 in patients whom 
endometrial thickness less than 8 mm to 35.58 ± 30.57 in those whom 
endometrial thickness between 8-14 mm then decline to 25.36 ± 30.58 in 
patients whom endometrial thickness lmore than 14 mm. Howevere there 
was no stastically significant difference as regard the miscarriage rates 
among the three groups.
Conclusion:clinical pregnancy rate and implantation rate were signifi-
cantly lower in endometrial thickness less than 7 mm with either trilami-
nar pattern and echogenic non trilaminar pattern. Also we conclude that 
the clinical pregnancy rate and implantation rate were higer in endometrial 
thickness more than 7 mm being highest between 7-14 mm with trilaminar 
pattern and slightly declined but still significantly high in thickness more 
than 14 mm with trilaminar pattern. However the miscarriage rate showed 
no significance among the three group and in both endometrial echogenic 
pattern.
Key Words: Endometrial thickness, endometrial echogenic pattern, intra-
cytoplasmic sperm injection, ICSI, ICSI outcome.
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Introduction
In vitro fertilization-intracytoplasmic sperm injection 
(IVF-ICSI) has been frequently performed worldwide 
and its success is determind by many factors, and one 
of them is the endometrial receptivity which is an es-
sential component of implantation that is necessary for 
the success of the treatment. (1)
Endometrial thickness asessed by transvaginal ultra-
sonography is a popular indicator for endometrial recep-
tivity. However the studies done to prove the relation
ship between endometrial thickness and IVF-ICSI 
outcome have shown conflicting results. Some studies 
proved no association between endometrial thickness 
and pregnancy (2, 3). Other studies have shown a sig-
nificant relationship (4-5), while others have reported 
controversial results (6, 7).
Beside endometrial thickness the endometrial echo-
genic pattern may be predictor as non-triple-line endo-
metrial pattern seems to be a prognostic sign of a less 
favorable outcome, while a triple-line pattern appears 
to be associated with pregnancy (8–9).
In this study, we examined the correlation between en-
dometrial thickness and pattern (individually and to-
gether) and IVF/ICSI outcome. Our objective was to 
investigate whether there is predictive value for com-
bined analysis of endometrial thickness and pattern for 
the success of IVF/ICSI cycles or not. 

Patients and method
The participants of this study were chosen from the 
couples recruited for management of infertility for 
different causes by intracytoplasmic sperm injection 
(ICSI). A written informed consent was taken from 
each couple selected to participate in the study. The 
inclusion criteria were:
1.	 Woman age is < 40 years.
2.	 Body mass index (BMI) is 19-35  kg/m2.
3.	 No uterine abnormalities, myoma or previous uter-

ine surgery.
4.	 The couple should have at least 2 good quali-

ty cleavage-satge embryo (good quality cleav-
age-stage embryos display stage-specific cell divi-
sion, have blastomeres of fairly equal size with few 
to no cytoplasmic fragments).

A full, precise history was taken from each participant, 
and the cause of infertility was reported. Thorough 
clinical examination (including general, abdominal, 
and pelvic examination) was performed as well. The 
semen analysis of the husband was checked accord-
ing to the WHO (2010) guidelines. The results of the 
previously done hysterosalpingography, laparoscopy 

and hysteroscopy were evaluated. Basal (day 3) serum 
follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) was assayed for each woman within 3 
cycles of the scheduled IVF/ICSI cycle. A TVS scan 
was performed and any deviation from normal pelvic 
anatomy was looked for and reported.
According to the indication in each patient, either the 
long GnRH agonist (GnRHa) protocol or the GnRH 
antagonist flexible protocol was used for COH as fol-
lowing:
•	 If the long GnRHa protocol was used, the GnRHa 

preparation (Triptorelin) was administered subcu-
taneously in a dose of 0.1 mg/day starting in the 
mid-luteal phase (day 21) of the preceding cycle 
then the dose was reduced to half the dose (0.05 
mg/day) from the day of ovarian stimulation till the 
day of HCG administration. Ovarian stimulation 
using gonadotropin preparation was commenced 
on day 3 of the next cycle (stimulation cycle) after 
ensuring adequate pituitary and ovarian suppres-
sion (serum E2 < 50 pg/ml), and performing TVS 
scan to confirm absence of ovarian cysts, and pres-
ence of endometrial thickness < 3 mm. The gonad-
otropin was given daily by deep intramuscular in-
jection and the starting dose and type depended on 
the age of the woman, baseline FSH levels, BMI 
and previous trials. TVS scan was performed reg-
ularly for monitoring the follicular development 
(folliculometry); starting from day 8 of the cycle 
and repeated every 2-3 days. The dose and type of 
gonadotropin was modulated according to ovarian 
response.

•	 If the GnRH antagonist flexible protocol will be 
used, ovarian stimulation using gonadotropin 
preparation was commenced on day 3 of the stimu-
lation cycle after performing TVS scan to confirm 
absence of ovarian cysts. The gonadotropin was 
given daily by deep intramuscular injection and 
the starting dose and type depended on the age of 
the woman, baseline FSH levels, BMI and previ-
ous trials. TVS scan was performed regularly for 
monitoring the follicular development (folliculom-
etry); starting from day 8 of the cycle and repeated 
every 2-3 days. The dose and type of gonadotro-
pin was modulated according to ovarian response. 
The GnRH antagonist preparation (Cetrorelix) was 
administered subcutaneously in a dose of 0.25 mg/
day when a leading follicle reaches 14 mm in di-
ameter and continued till the day of HCG admin-
istration.

The cycle was cancelled when poor ovarian response 
(< 4 follicles not reaching 18 mm correlated with se-
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rum E2 level < 400 pg/ml) is detected during follow 
up visits after counseling the couple regarding the suc-
cess rates. The cycle was also cancelled when there 
is a high risk for ovarian hyperstimulation syndrome 
(i.e. more than 30 follicles, steep rise in serum E2, or 
ovarian size > 8 cm).
When there were at least 3 leading follicles > 18 mm 
in diameter, final oocyte maturation was induced by in-
tramuscular administration of 10000 IU of HCG. The 
total number of follicles ≥ 12 mm in diameter by TVS, 
serum E2 level and endometrial thickness and pattern 
were evaluated on day of HCG administration.
Endometrial thickness was measured through TVS in 
the mid-sagittal plane of the uterine body. The endo-
metrial thickness was defined as the distance from the 
point of the endometrial-myometrial junction on one 
side to the same point on the other side.
Endometrial pattern was also assessed by describing 
the type of relative echogenicity of the endometrium 
compared with the adjacent myometrium. Endometrial 
pattern noticed was either:
•	 Triple line echogenicity pattern: Which means 

hypoechoic endometrium with well-defined hyper-
echoic outer walls and a central echogenic line.

•	 Non triple line echogenicity pattern: Which 
means either isoechoic endometrium with poorly 
defined outer walls and central echogenic line, or 
homogeneous hyperechoic endometrium with ab-
sent central echogenic line.

After HCG injection by 34-36 hours, oocyte retrieval 
will be performed through transvaginal aspiration of 
follicles under TVS guidance followed by endome-
trial preparation for embryo transfer (ET) by giving 
300 mg/day natural progesterone supplement (100 mg/
day intramuscular supplement + 20 mg/day oral sup-
plement) + 4 mg/day estradiol supplement.
After fertilization through IVF/ICSI, 2-3 good quality 
embryos were transferred transcervically 3-5 days af-
ter oocyte retrieval. If there is ≤ 5 good quality cleav-
age-stage embryos, ET were performed on day 3 after 
oocyte retrieval while if there is > 5 good quality cleav-
age-stage embryos, embryos will be left to reach the 
morula or blastocyst stage and ET will be performed 
on day 4 or 5 after oocyte retrieval.
The luteal phase support was continued by the same 
regimen started on the day of oocytes retrieval until 2 
weeks after ET. Biochemical pregnancy will be docu-
mented by performing quantitative serum β-HCG assay 
2 weeks after the ET and a level of ≥ 50 mIU/ml was 
considered positive indicator of pregnancy. Cases with 
positive pregnancy test will be examined by TVS 2-4 

weeks later (4-6 weeks after ET) to document clinical 
intrauterine pregnancy which is defined as presence of 
at least one intrauterine gestational sac with fetal pole 
and cardiac activity on TVS scan at 4‑6 weeks after the 
ET. Implantation rate (IR) will be calculated by divid-
ing the number of gestational sacs on TVS scan at 4-6 
weeks after ET by the number of transferred embryos.
The study outcomes will be:
•	 Clinical pregnancy rate (CPR): Number of clin-

ical pregnancies divided by the number of ET pro-
cedures.

•	 Implantation rate (IR): Number of gestational 
sacs on TVS scan at 4-6 weeks after ET divided by 
the number of transferred embryos.

•	 Miscarriage rate (MR): Number of first trimes-
ter miscarriages divided by the number of clinical 
pregnancies.

Statistical analysis was performed using Statistical 
Package for Social Sciences, Version 16.0 (SPSS, Inc., 
Chicago, Ill., USA) for Windows. Continuous varia-
bles were analyzed as mean ± standard deviation (SD) 
or median (interquartile range). Differences among 
continuous variables with normal distribution were 
analyzed by t test, one way analysis of variance test 
(ANOVA) and Chi-Square test (χ2 test). For contin-
uous variables without normal distribution, non-para-
metric tests were used and differences were analyzed 
by the Mann-Whitney U-test and Kruskal Wallis test. 
Correlations between different parameters were de-
termined by using Pearson’s correlation coefficient 
(Pearson’s r) and Spearman’s correlation coefficient 
(Spearmann’s rho). P value ≤ 0.05 was considered sta-
tistically significant, P value ≤ 0.01 was considered 
highly significant, and P value ≤ 0.001 was considered 
very highly significant.

Results
One hundred CC resistant PCOS patient were equally 
The total participants included in the study were 168 
women. About half of the patients (49.1%) were in 
their first ICSI trial, while 26.4% had previous one tri-
al and 24.5% had previous ≥ 2 trials. Among the 146 
patients, most of patients (75.5%) were < 35 years old 
while 24.5% were ≥ 35 years old. The mean BMI of 
the study group was 30.06 kg/m2. Only 11.8% of the 
patients were of average weight while 31.8% were 
overweight and 56.4% were obese. Most of patients 
(70%) complained of primary infertility while 15.5% 
complained of secondary infertility and 14.5% com-
plained of relative infertility (the woman can get preg-
nant but is unable to carry through to live birth). The 
mean duration of infertility was 6.97 years. The main 
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cause of infertility was male factor (50.9%) followed 
by PCOS (30.9%) then tubal factor (18.2%) then en-
dometriosis (10.9%) then uterine factor (6.4%) and in 
15.5% of couples, the infertility was unexplained. The 
ultrasonographic and biochemical characteristics and 
the COH and ICSI outcomes of the study group are 
summarized in table 1.
There was no dropped out cases in any step in the 
study. Out of the total 168 patients, 14 patients (12.7% 
of total patients) had cycle cancellation (11 patients 
due to poor ovarian response, and 3 patients due to risk 
of OHSS) while the remained 154 patients continued 
the cycle and underwent oocyte retrieval.
Out of the 154 patient who underwent oocyte retrieval, 
146 patients had ET, while the other 8 patients (8.33% 
of patients who underwent oocyte retrieval) did not 
have ET (2 patients due to absence of oocytes in folli-
cular fluid, 2 patients due to non occurrence of fertili-
zation after ICSI, one patient due to non occurrence of 
cleavage after ICSI, one patient due to arrest of cleav-
age after ICSI, and 2 patients due to moderate OHSS 
before ET).
Out of the 146 patients who had ET, 70 patients had 
negative pregnancy test while the other 76 patients had 
positive pregnancy test (4 of them had biochemical 
pregnancy only while the others 72 patients had clini-
cal pregnancy). 
The endometrial thickness of the study population 
ranged from 4 mm to 16 mm the patient were classi-
fied into 3 groups according to endometrial thickness 
(less than 7 mm, from 7 mm to 14 mm and more than 
14 mm. there was no significant difference in the three 
group as regard age, BMI, days of stimulation number 
of oocyte retrieved and oocyte maturation. But there 
was significant difference regarding dose of FSH, E2 
level and numbers of oocyte retrieved.
Clinical pregnancy rate increased from 25% among 
patients with an endometrial thickness less than 7 mm 
to 69.2% among patients with an endometrial thick-
ness of 7– 14 mm. In the group of patients with an 
endometrial thickness more than 14 mm, the clinical 
pregnancy rate declined to 52.2% with a statistically 
significant difference among the three groups. Also the 
implantation rate among the three group show statisti-
cally significant difference as it increased from  15.28 

± 28.73 in patients whom endometrial thickness less 
than 8 mm to 35.58 ± 30.57 in those whom endome-
trial thickness between 8-14 mm then decline to 25.36 
± 30.58 in patients whom endometrial thickness more 
than 14 mm. However there was no statistically signif-
icant difference as regard the miscarriage rates among 
the three groups.
We tried to declare the effect of combined endometrial 
thickness and pattern on clinical pregnancy rate, so we 
calculated clinical pregnancy rate according to the en-
dometrial pattern in each endometrial thickness group. 
The clinical pregnancy rates and implantation rate was 
higher in patients whom endometrial pattern show tril-
aminar pattern howevere no significant difference was 
found regarding the miscarriage rate.
Table (1) 
Ultrasonographic and biochemical characteristics and 
COH and ICSI outcomes of the study group (n = 146):

Parameters Mean ± SD Median (range)

Bilateral AFC 19.68 ± 8.67 16 (6-35)

Serum TSH (uIU/ml) 2.05 ± 1.17 1.74 (0.38-6)

Serum prolactin (ng/ml) 13.03 ± 6.88 11.9 (0.5-33.6)

Basal serum FSH (mIU/ml) 6.18 ± 2.11 5.81 (1.09-15.02)

Basal serum LH (mIU/ml) 6.92 ± 5.33 5.3 (1.9-41.7)

FSH/LH ratio 1.18 ± 0.68 0.98 (0.08-3.68)

Total FSH dose (IU) 2691.1 ± 673.45 2550 (1575-4875)

Stimulation days (days) 11.53 ± 1.63 11 (8-17)

Number of follicles ≥ 12 mm 
in diameter by TVS on day 
of HCG administration

17.88 ± 6.85 18 (3-35)

Peak serum E2 (pg/ml) 3496.58 ± 1718 3000 (976-8919)

Endometrial thickness 
by TVS on day of HCG 
administration (mm)

10.63 ± 4.4 10 (4-17)

Number of oocytes retrieved 11.95 ± 5.07 11 (3-25)

Oocyte maturation rate (%) 83.78 ± 15.6 87.5 (31.25-100)

Fertilization rate (%) 78 ± 18.06 80 (25-100)

Good quality embryos (%) 81.29 ± 20.11 84.62 (27.27-100)

Implantation rate (%) 25.68 ± 30.94 0 (0-100)
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Table (2) 
Comparison between women with endometrial thickness < 8 mm, those with endometrial thickness 8-12 mm and 
those with endometrial thickness > 12 mm as regard age, BMI and COH and ICSI outcomes:

Parameter Endometrial thickness on day of HCG administration P value

< 7 mm 7-14 mm > 14 mm

Age (years) 29.67 ± 4.81 27.54 ± 4.19 28.78 ± 4.28 0.057

BMI 30.11 ± 4.06 30.25 ± 3.47 29.93 ± 3.13 0.907

Total FSH dose (IU)

2808.33 ± 
76
0.
31

773.08 ± 
68
0.
14

2476.09 ± 
51
3.
51

0.030

Stimulation days (days) 11.71 ± 1.66 11.62 ± 1.77 11.26 ± 1.41 0.375

Number of follicles ≥ 12 mm 
in diameter by TVS on day 
of HCG administration

12.5 ± 4.85 18.42 ± 5.1 22.87 ± 6.37 < 0.001

Peak serum E2 (pg/ml)

2005.55 ± 
62
2.
56

3035.69 ± 
65
2.
85

5573.43 ± 
12
63
.5
8

< 0.001

Number of oocytes retrieved 8.33 ± 3.34 11.65 ± 4 16.04 ± 4.67 < 0.001

Oocyte maturation rate (%) 84.38 ± 14.92 80.45 ± 15.67 86.93 ± 15.82 0.116

Fertilization rate (%) 81.34 ± 14.45 76.11 ± 21.93 76.65 ± 16.42 0.293

Good quality embryos (%) 81.28 ± 20.39 83.46 ± 19.85 78.83 ± 20.26 0.528

Clinical pregnancy rate (%) 12/48 (25%) 36/52 (69.2%) 24/46 (52.2%) < 0.001

Implantation rate (%) 15.28 ± 28.73 35.58 ± 30.57 25.36 ± 30.58 0.001

Miscarriage rate (%) 4/12 (33.3%) 4/36 (11.1%) 6/24 (25%) 0.170

Table (3) 
Clinical pregnancy rate with the 2 endometrial patterns in the 3 endometrial thickness groups:

Endometrial thickness P value

Endometrial pattern

< 7 mm 7-14 mm > 14 mm

Triple line 4/10 (40%) 32/42 (76.2%) 12/22 (54.5%) 0.047

Non triple line 8/38 (21.1%) 4/10 (40%) 12/24 (50%) 0.056

P value 0.218 0.026 0.758
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Discussion
There are conflicting results regarding the association 
between endometrial thickness and IVF-ICSI out-
come. In one study there was a significant relationship 
between endometrial thickness measured on the day of 
hCG injection and clinical pregnancy rate   (10). On 
the other hand, Bassil showed that there is no signifi-
cant correlation between endometrial thickness meas-
urement and clinical outcome of IVF claiming that 
endometrial thickness has no prognostic value in IVF 
cycles (11).
There is no endometrial thickness cut off above which 
successful pregnancy occurrs. In one study, no preg-
nancies occurred when the endometrial thickness was 
less than 7 mm [12], whereas other studies reported 
clinical pregnancies at endometrial thickness of 6 mm 
[13-14], however Oliveira et al. have reported that 
there was no clinical pregnancy when the endometrial 
thickness was less than 7 mm (12).
Our study showed a positive correlation between en-
dometrial thickness and clinical pregnancy rate and 
implantation rate. To our knowledge, this study has 
agreed with previous studies (15, 16, and 17). We found 
that the clinical pregnancy rate in group 1 (endometrial 

thickness ≤7 mm) was significantly lower (25%) than 
groups 2 (69.2%) and 3(52.2%) ,  and the implantation 
rate was significantly lower in the first group (15.28%) 
than the second (35.58%) and third group (25.36%) . 
Although Weissman reported a high miscarriage rate 
with increased endometrial thickness (>14 mm) [18], 
in the present study, there was no significant differ-
ence regarding the miscarriage rate between the three 
group. Thus, our findings support those of some previ-
ous studies in which increased endometrial thickness 
(>14 mm) did not have a detrimental effect on clinical 
outcome.
In this study, clinical pregnancy rate and implantation 
rate were the highest with the trilaminar endometri-
um when compared with other pattern, and the dif-
ference was statistically significant. Kuc et al., 2011 
reviewed 583 cycles of ICSI with different protocols 
of controlled ovarian hyperstimulation and reported 
that endometrial echogenicity was a significant predic-
tor of pregnancy in the long GnRH agonist protocol 
(19). However, several studies have demonstrated no 
prognostic value of endometrial pattern for pregnancy 
(20, 21). In the other hand we found that the miscar-

Table (4) 
Implantation rate with the 2 endometrial patterns in the 3 endometrial thickness groups:

Endometrial thickness P value

Endometrial pattern

< 7 mm 7-14 mm > 14 mm

Triple line 23.33 ± 30.63% 36.11 ± 26.97% 30.3 ± 36.96% < 0.001

Non triple line 13.16 ± 28.25% 33.33 ± 44.45% 20.83 ± 23.18% 0.862

P value 0.607 0.019 0.034

Table (5) :
Miscarriage rate with the 2 endometrial patterns in the 3 endometrial thickness groups:

Endometrial thickness P value

Endometrial pattern

< 7 mm 7-14 mm > 14 mm

Triple line 1/4 (25%) 3/32 (9.4%) 2/12 (16.7%) 0.592

Non triple line 3/8 (37.5%) 1/4 (25%) 4/12 (33.3%) 0.911

P value 0.665 0.349 0.346
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riage rate showed no statistical significant difference 
between the three groups.
In this study, we tried to evaluate the role of combined 
endometrial thickness and pattern on clinical pregnan-
cy rate, implantation rate and miscarriage rate. The 
endometrial thickness of 7–14 mm with trilaminar ap-
pearance produced the highest clinical pregnancy rate 
(76.2%) compared to pregnancy rates in other endo-
metrial thickness and pattern groups. The implantation 
rate was higher in the group of endometrium thickness 
of 7-14 mm with trilaminar appearance (36.11%) and 
group of endometrium thickness of more than 14 mm 
with trilaminar pattern (30.3%) compared to the group 
of endometrial thickness of less than 7 mm (23.33%) .

Conclusion
From the results of our study, we can conclude that 
clinical pregnancy rate and implantation rate were sig-
nificantly lower in endometrial thickness less than 7 
mm with either trilaminar pattern or echogenic non 
trilaminar pattern. Also we conclude that the clinical 
pregnancy rate and implantation rate were higer in 
endometrial thickness more than 7 mm being highest 
between 7-14 mm with trilaminar pattern and slightly 
declined but still significantly high in thickness more 
than 14 mm with trilaminar pattern. However the mis-
carriage rate showed no significance among the three 
group and in both endometrial echogenic pattern. 
Larger studies are needed to make a definitive conclu-
sion.

Osama M Warda
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Abstract
Objective: The aim of this study was to study the role of caesarean sec-
tion in protecting LAM integrity by using perineal three-dimensional (3D) 
ultrasound. 
Patients and method: A prospective cross-sectional observational study 
using perineal three-dimensional (3D) ultrasound. This study includes 
104 primipara women with no past history of previous vaginal surgery in 
obstetric and gynecology department Of Sayed Galal university hospital, 
faculty of medicine ,Al-Azhar University In Cairo,  between June 2012 
and November 2012,Women who delivered vaginally were considered as 
group A and women who had a caesarean section were classed as group B. 
Within group A, the women were also subdivided in relation to the mode 
of delivery as follows: spontaneous delivery, vacuum extraction and for-
ceps extraction, whereas in group B distinction was made between elective 
and emergency caesarean section Three-dimensional perineal ultrasound 
was performed between 48 and 72 hours postpartum. The axial plane at 
the level of minimal hiatal dimension and tomographic ultrasound imaging 
were used to determine LAM biometry and defect. 
Results:In all 104 women participated: 54 (51.9%) women delivered in 
group A (46) spontaneous deliveries, (6) vacuum extractions, (2) forceps 
extraction) and 50(48.1%) in group B (36) elective and (14) emergency 
caesarean sections). All biometrical indices of levator ani hiatus were 
higher after vaginal delivery compared with post-caesarean section values 
(P < 0.001). Except for LAM thickness. The presence of levator ani defects 
was significantly higher in group A (22/54, 40.7%) in comparison to group 
B (2/50, 4%) (P < 0.001), with a strong positive association between vagi-
nal delivery and levator trauma (relative risk7.1; 95%CI2.7420.18). 
Conclusion: there was strong positive association between vaginal deliv-
ery and levator trauma despite this; emergency caesarean section seems to 
have no complete preventive effect on LAM trauma. While elective cesar-
ean section completely protect LAM integrity. 
Key Words: Three-Dimension Ultrasound, Cesarean Section, Levator Ani

Introduction
The strength of the muscles of the pelvic floor and other supporting struc-
tures of the pelvic organs are affected by various events that occur during 
a woman’s lifetime. Pregnancy and childbirth have a pronounced influ-
ence on maternal anatomy and physiology.1 the physiological processes of 
pregnancy and parturition must involve dramatic adaptations to the vagina 
and pelvic floor to allow marked distension at delivery and to return to a 
near pre-pregnant state after parturition. The recovery process, however, 
may not be complete. Vaginal parity has been identified as an important 
risk factor for pelvic organ prolapse.1–3 the levator hiatus, defined by the 
puborectalis/pubococcygeus muscle and pubic bone, is the largest poten-
tial hernia portal in the human body.4 The area of the levator hiatus, which 
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varies widely in size from 6 to 35 cm2 during the Val-
salvamanoeuvre,5 needs a distension of between 25% 
and 245%to allow the passage of the fetal head (for 
an average cross sectional area of 68 cm2, based on 
Caucasian biometric data).10.It is conceivable that 
enlargement of the hiatus, even without gross muscle 
trauma, may lead to pelvic organ prolapse and may be 
an alternative mechanism in the pathogenesis of this 
common gynecologic problem.4 The involvement of 
the LAM on morbidity of the pelvic floor has been 
widely investigated. The finding that enlarged hiatus 
is associated with genital prolapse has suggested that 
LAM trauma or an enlargement of the urogenital hia-
tus, influences pelvic support.7,8 It has become clear 
recently that major trauma to the levator ani muscle is 
a consequence of vaginal childbirth in a considerable 
minority of women. The most obvious form of trauma, 
i.e. avulsion of the anteromedial aspects of the pubovis-
ceral muscle off the arcus tendineus, can be detected on 
palpation, as described by Howard Gaineyin9 19431, 
There is no doubt, that caesarean section, whether pri-
mary or secondary, can lead to significant and occa-
sionally major morbidity and even mortality. For now 
we have no means of determining whether this risk 
outweighs the risk of attempted vaginal childbirth in a 
given patient, and this must be reflected in the advice 
that we provide to our patients. Regarding prolapse, 
pregnancy and childbirth are well documented as ma-
jor risk factors10-11. Caesarean delivery is associated 
with less need for surgical correction of incontinence or 
prolapse10 and seems protective against symptomatic 
prolapse12. Recent studies using magnetic resonance 
imaging and ultrasonography have found levator trau-
ma (avulsion injury) in 15–30% of parous women who 
delivered vaginally.13-17 One reason for our continu-
ing ignorance is that most levator ani trauma is occult 
at the time of childbirth, and that palpation of levator 
trauma requires significant training18, 19. Fortunately, 
diagnosis has now become much easier with the help 
of modern imaging methods. Recent advances in sono-
graphic imaging technology allow the study of anal 
sphincter and levator ani muscle morphology20-21. 
The use of this technology sheds new insights into the 
sequelae of childbirth to the pelvic floor22. It has been 
shown recently that translabial three dimensional (3D) 
ultrasound can be utilized to document major levator 
ani trauma, both in symptomatic and a symptomatic 
women23,24 and before and after childbirth25. The 
prevalence seems to range between15 and 35% of vag-
inally parous women, with maternal age at first deliv-
ery a predictor both in MRI26and ultrasound25studies. 
Whether and how vaginal delivery is responsible for 
pelvic floor morbidity is a controversial debate that is 
still wide open. If it is true that all women undergo 

pelvic floor stretching during delivery, not all of them 
suffer injury. The latency of symptoms and the mul-
tifactorial aetiology of prolapse and of urinary and 
faecal incontinence do not facilitate an understanding 
of the true role of vaginal birth. However, There is no 
doubt that delivery is the most stressful and dangerous 
event that the pelvic diaphragm is submitted to during 
a woman’s life. On other hand, Whether or not elec-
tive cesarean section prevents these symptoms in the 
long-term is still unclear. After the first delivery, wom-
en who had delivered vaginally have two-fold more 
incontinence than those who had delivered by cesar-
ean section. However, this protective effect of cesarean 
deliveries on urinary incontinence decreases with age 
and is not present in older women27 .Furthermore vag-
inal delivery may stretch and/or load the pelvic floor 
tissue beyond the physiological and in this way may 
lead to irreversible changes in tissue properties which 
play an important role in the urethral support conti-
nence mechanism 28.so, the aim of our research is to 
study the role of caesarean section in protecting LAM 
integrity by avoiding fetal passage through the birth 
canal.

Patients and methods
A prospective cross-sectional observational study was 
designed to compare the levator ani integrity following 
vaginal delivery and caesarean section, using perineal 
three-dimensional (3D) ultrasound. This study includes 
104 women with no past history of previous vaginal 
surgery in obstetric and gynecology department of 
Sayed Galal university hospital, Faculty Of Medicine, 
Al-Azhar University In Cairo, between June 2012 and 
November 2012, A total of 110 primigravida women 
were recruited from the emergency room, of Maternity 
Sayed Galal Hospital. The inclusion criteria were: 1) 
primigravida with singleton pregnancy, 2) between 36 
and 40weeks of gestation, 3) at least 18 years of age, 
4) no previous pregnancies of more than 20 weeks of 
gestation.5) able to give informed consent. Exclusion 
criteria were: 1) complicated pregnancies (e.g. multi-
ple pregnancy, macrosomia, fetal growth restriction, 
fetal malformations, hydramnion, oligohydramnion), 
2) women with perineal or vaginal operation in past 
medical history,3) age less than 18 years, 4)and ina-
bility to communicate with care providers because of 
mental illness, and difficulties. After vaginal delivery 
or caesarean section, women were then asked to par-
ticipate in this study. Each woman was carefully in-
formed about the aim and design of the study. Instruc-
tions regarding the perineal 3D ultrasound were given 
.Oral informed consent was obtained before any inves-
tigation took place. All 3D ultrasound were performed 
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by the same experienced investigator, highly trained in 
pelvic 3D ultrasound. Consenting women underwent a 
perineal ultrasound scan in bed, within the first 3 day 
post partum. The examination was performed in dorsal 
lithotomy position (the woman lying on her back with 
bent knees positioned above the hips and spread apart, 
without the use of stirrups) after voidingThe probe was 
positioned longitudinally, parting the vulvar labia in the 
area of the fourchette and perineal body, with minimal 
pressure being applied. Before beginning the examina-
tion, women were asked to cough to part the labia, to 
expel air bubbles and to ensure good contact between 
the transducer and tissue. No specific precautions 
concerning filling status of the rectum are made. The 
transducer axis was oriented in the mid-sagittal plane 
to visualize, from right to left, the symphysis pubis, the 
urethra (distinguishable by the hypoechogenic mucosa 
and submucosa layers), the bladder, the vaginal walls, 
the distal part of the rectum with anorectal junction, 
the proximal part of the anal canal and, posterior to the 
latter structure, a hyperechogenic spot representing the 
puborectalis sling. The method of obtaining hiatal di-
mensions used in our Study was performed according 
to the study published by Dietz et al.29 and found to 
be reproducible by others.30.31The plane of minimal 
hiatal dimensions was identified in the mid-sagittal 
plane, evident as the minimal distance between the hy-
perechogenic posterior aspect of the pubic symphysis 
and the hyperechogenic anterior border of the levator 
ani muscle, just posterior to the anorectum. When a 
satisfactory two-dimensional ultrasound image was 
achieved, the 3D volume was obtained automatically 
by the3D function of the system, The axial plane at the 
level of minimal hiatal dimensions between the pubic 
bone and the dorsal aspect of the puborectalis sling, 
was used to determine mid-sagittal (hAP) and coronal 
(hLL) diameters of the levator hiatus, hiatal area (hA) 
and hiatal circumference (hC). The maximal thickness 
of the pubococcygeus-puborectalis muscle was meas-
ured by cranially moving the plane of minimal hiatal 
dimension until it was possible to visualise the maxi-
mal thickness of the muscle and take a measurement 
on each side, close to the rectum.29Levator avulsion 
was diagnosed whenever a discontinuity was detected 
between the inferior pubic ramus and the puborectalis 
muscle on tomographic ultrasound imaging. The de-
tection of levator defects by three-dimensional pelvic 
floor ultrasonography has been shown previously to be 
highly reproducible.24To assess levator ani integrity, 
we used tomographic multislice ultrasound imaging 

with 2.5-mm slice intervals, from 5 mm below to 12.5 
mm above the plane of minimal hiatal dimensions. 
This produced eight slices for each woman despite 
the fact that we obtained the volumes with the wom-
an in a resting position, we decided to consider slices 
at and above the plane of minimal hiatal dimensions 
only, as proposed by Dietz andShek32 for the volumes 
obtained on pelvic floor contraction. We documented 
each discontinuity (a break in the normal texture of 
the pubocoggygeal-puborectalis muscle, evident as an 
ultrasound hypo/anechogenic lesion interrupting the 
hyperechogenic course of muscle fibres) involving the 
pubococcygeus-puborectalis muscle, recognisable in 
the coronal C-plane slice (unilateral if the defect in-
volves one side, bilateral if both sides are damaged). To 
standardize the diagnosis of a puborectalis sling injury 
and to differentiate true lesions from artifacts, we de-
cided to diagnose an abnormality (meant as ultrasound 
discontinuity) evident in at least three consecutive slic-
es above the plane of minimal hiatal dimension, as a 
LAM defect, All characteristic data on women were 
collected from a specific database program available 
in our hospital and analyzed using the Excel program 
(Microsoft Office Excel 2007).The Student’s t test and 
the Mann–Whitney U test were performed to compare 
continuous parametric and non parametric variables 
respectively. The proportion of categorical variables 
was analyzed for statistical significance by using Fish-
er’s exact test. Statistical significance was considered 
to have been reached when the P-value was <0.05.

Results
During the study period, a total of 110 primiparae were 
considered eligible for participation in the study and 
gave their consent for ultrasound examination.6 wom-
en complained of pain and discomfort during the Scan 
and refused to finish the ultrasound evaluation, as a re-
sult 104 women completed the examination and were 
included for data analysis. Women who delivered vag-
inally were considered as group A and women who had 
a caesarean section were classed as group B. Within 
group A, the women were also subdivided in relation 
to the mode of delivery as follows: spontaneous deliv-
ery, vacuum extraction and forceps extraction, where-
as in group B distinction was made between elective 
and emergency caesarean section.54patients (51.9%) 
women delivered in group A :(46) spontaneous deliv-
eries, (6) vacuum extractions, (2) forceps extraction) 
and 50patients(48.1%) in group B (36) elective and(14 
)emergency caesarean sections).
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Figure S1. Intact levator ani after elective cesarean 
section

Figure 1. The multiplanar mode (A) and the TUI slices 
(B) show an intact levator ani after elective cesarean 
section 
There was no statistical difference between the two 
groups for patient characteristics (age, body mass in-
dex [BMI]) and gestational age (Table 1).
Table (1)
Demographic characteristics of group A and group B

Characteristics Group A
(n = 54)

Group
B (n = 50) P-value

Age (years) 24.76 (±5.51) 25.3 (±4.4) >0.05

BMI(KG\M2) 22(15–34) 22(14–44) >0.05

GESTATIONAL 
AGE (WEEK)

39 (34–43) 39 (34–42) >0.05

Data are expressed as mean ± SD, median (range).
Group A, vaginal deliveries; group B, caesarean sec-
tions.
All biometrical indices of levator ani hiatus were high-
er after vaginal delivery compared with post-caesarean 
section values (P < 0.001). Except for LAM thickness. 
The thickness of the LAM both on the left and on the 
right side did not significantly vary between the two 
groups (Table 2).

Table (2)
Biometric indices of LAM of group A and group B 

Biometrical
indices

Group A
(n = 54)

Group B
(n = 50) P-value

hAP(cm) 5.8 (±0.7) 4.7 (±0.8) <0.001

hLL(cm) 3.8(3.1–5.4) 3.5 (2.4–5.5) <0.001

hA(cm2) 13.85 (8.4–22.0) 11.12 (5.5–31.33) <0.001

hC(cm)
16.12 (11.20–

18.85) 12.86 (9.1–20.04) <0.001

Rt levator 
thickness(cm)

0.69(0.3–1.24) 0.64 (0.29–1.20) >0.05

lt levator 
thickness(cm)

0.72 (0.31–1.80) 0.67 (0.29–1.10) >0.05

Data are expressed as median (range) or mean ± 
SD.Group A, vaginal deliveries; group B, caesarean 
sections; hAP, midsagittal(antero-posterior, AP) diam-
eter of the hiatus (h) delimited bylevator ani muscle; 
hLL, coronal (latero-lateral, LL) diameter of the hiatus 
(h) delimited by levator ani muscle; hA, area (A) of 
the hiatus(h) delimited by levator ani muscle; hC, cir-
cumference (C) of the hiatus delimited by levator ani 
muscle.

Figure 2. Levator ani trauma after spontaneous de-
livery

Figure S2. Levator ani defect early postpartum in a pa-
tient had spontaneous vaginal delivery
 (In the multiplanar mode, the axial plane (lower left) 
and the rendered image (lower right) show a unilateral 
levator discontinuity (**) on the right side of pubococ-
cigeal-puborectalis muscle.
•	 Eight slices obtained with TUI in coronal-C plane 

in the same patients: the discontinuity (arrow) is 
demonstrated in at least three consecutive slices at 
and above the plane of minimal hiatal dimension 
(frames *,-1,-2,-3).

Similar findings were observed when comparing a sub-
group of group A (spontaneous vaginal delivery) with 
a subgroup of group B (elective caesarean section) (see 
Table 3), 
Table (3)
biometrical indices of LAM after spontaneous deliver-
ies vs. elective cesarean section

Biometrical indices Spontaneous 
deliveries

Elective 
cesarean section P value

hAP(cm) 5.9 (±0.8) 4.9 ( ±0.8) <0.001°•

hLL(cm) 4.0 (3.0-5.5) 3.6 ( 2.6- 5.7) <0.001*•

hA(cm2) 14.33 (8.6-22.4) 10.49 (6.0-31.3) <0.001*

hC(cm)
15.61 (11.28-

18.93)
13.23 (10.53-

20.08) <0.001*•

Levator thickness  
right (cm)

0.7 ( 0.4-1.29) 0.66 ( 0.33-1.24) >0.05

Levator thickness  
left (cm)

0.68 (0.34-1.44) 0.65 ( 0.4-1.02) >0.05

Data are expressed as median (range), mean ± standard 
deviation
hAP: midsagittal (antero-posterior, AP) diameter of the 
hiatus(h)delimited by levator ani muscle; hLL: coro-
nal(latero-lateral, LL) diameter of the hiatus (h) delim-
ited by levator ani muscle;hA: area (A) of the hiatus 
(h) delimited by levator ani  muscle;hC: circumference 
(C) of the hiatus delimited by levator ani muscle;
Figure 3. Levator ani defect after emergency cesar-
ean section due to intrauterine asphyxia during late 
first stage of labour

Figure 3. Levator assessment after an emergency ce-
sarean section due to intrauterine asphyxia during late 
first stage of labour 
A: Acquisition screen shows the orthogonal plane 
(lower left) and the rendered volume (lower right): the 
measurement of ‘levator-urethra gap’ (bottom right 
hand corner) is > 2.5 cm in both sides 
B: In the same patient the TUI slices (* slice is the ref-
erence plane, the plane of minimal hiatal dimension;     
slices-1,-2,-3,-4,-5 correspond respectively to slice at 
2.5 mm, 5 mm, 7.5 mm, 10 mm, 12.5 mm above the 
reference plane): the measurements of ‘levator-urethra 
gap’ at and above the plane of minimal hiatal dimen-
sion are > 2.5 cm in both sides of  LAM.
and these two groups were also comparable in age , 
BMI and gestational age The presence of levator ani 
defects was significantly higher in group A (22/54, 
40.7%) in comparison to group B (2/50, 4%) (P < 
0.001), with a strong positive association between vag-
inal delivery and levator trauma(relativerisk7.1;95%-
CI2.7420.18).18 and 2 unilateral defects, while, 6 and 
2 bilateral defects were found in group A and group B, 
respectively. 
In group A, unilateral defects were found to be signifi-
cantly more frequent than bilateral (P = 0.009).Overall, 
22 levator defects were found in group A: 18 (39.1%) 
after spontaneous delivery, see (figure 2), 2 (33%) after 
vacuum extraction and 2 after the forceps extraction in 
the study. In group B, 2 levator defects were observed, 
all of them after emergency caesarean section with 
complete cervix dilatation. These caesarean sections 
were performed on one woman because of intrauterine 
asphyxia before the active pushing phase of the second 
stage of labour had begun (see Figures 3), and in one 
woman because of the arrest of fetal head descent dur-
ing the late second stage of labour (Figure 4).
Figure 4: Levator ani defect after emergency cesar-
ean section due the arrest of fetal head descent dur-
ing the late second stage of labour
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Figure 4. Levator assessment after an emergency ce-
sarean section due the arrest of fetal head descent dur-
ing the late second stage of labour 
A. Acquisition screen shows the orthogonal plane 
(lower left) and the rendered volume (lower right): the 
measurements of ‘levator-urethra gap’ (bottom right 
hand corner) are >2.5 cm in both sides.  B. In the same 
patient the TUI slices (* slice is the reference plane, 
the plane of minimal hiatal dimension; slices -1,-2,-3,-
4,-5 correspond respectively to slice at 2.5 mm, 5 mm, 
7.5 mm, 10 mm, 12.5 mm above the reference  plane): 
the measurement of ‘levator-urethra gap’ confirms the 
presence of abnormalities in both sides of LAM
In no woman was it documented that the head had de-
scended below the level of the ischial spines before 
caesarean delivery. None of these 2 women had pre-
viously given birth, and none had attempted vaginal 
delivery in the index pregnancy before caesarean de-
livery. Consequently there was no potential for them 
to have had application of vacuum or forceps before 
caesarean delivery. Comparing levator ani biometry 
after elective and emergency caesarean section, no 
significant difference on any level was found, These 
groups were comparable in terms of age (P = 0.07) and 
BMI (P = 0.87), and  in terms of gestational age (P < 
0.006). Our results show that the presence of levator 
ani defects was significantly higher after emergency 

caesarean section (2/14, 14.2%), than after elective 
caesarean section, (see figure 1) (0/36) (P = 0.004), and 
that elective caesarean section protects from LAM de-
fect with a relative risk of 0.03 (95% CI 0.001–0.683) 
in comparison with emergency caesarean section. The 
j-statistic for agreement between examiners was per-
formed on a subgroup of40 women and gave j = 0.899 
(P < 0.005).

Discussion
Tomographic ultrasound imaging in conjunction 
with3D pelvic floor ultrasound allows definition of 
morphological abnormalities of the LAM to a previ-
ously unattainable degree. The findings of our study 
suggest that after vaginal delivery a woman is seven 
times more likely to develop LAM defects than af-
ter a caesarean section. Despite this, we also found 
LAM abnormalities following emergency caesarean 
section. Our results were in agreement with result of 
Albrich33 et al, 2011. In our caesarean section group, 
2 women were found to have a levator defect, all of 
them after a caesarean section performed before the 
active pushing phase of the second stage of labour had 
begun and before fetal head engagement. The finding 
of a levator tear after caesarean section was comper-
able to finding of Albrich et al., 2011. However our 
finding was absolutely unexpected in terms of the data 
published in the current literature. Furthermore, it is 
difficult to understand how tearing of the levator could 
occur before crowning of the fetal head because the 
distension of the puborectalis muscle does not appear 
to be necessary before crowning.34Nevertheless, we 
considered it to be important to describe and discuss 
our data, considering the limitations and the possible 
bias of this cohort trial. First, the prevalence of LAM 
defects in our study is high: 39.1% while the highest 
reported in literature to date was by Albrich et.al. 2011: 
39.5% in comparison with 18.8% reported by Valsky 
et al., 35 during the same postpartum period and using 
the 3D perineal ultrasound assessment. Over-diagno-
sis could be a possible explanation, when you consider 
that every test produces false-positive results, espe-
cially one that is so operator-dependent. The decision 
to include all recognizable LAM abnormalities could 
also explain the difference in our results. Indeed, we 
have defined ‘defect’ and not avulsion as the assessed 
LAM abnormality, assuming that ‘avulsion’ is consid-
ered to be the complete detachment of the muscle from 
the bone. The ultrasound assessment of complete and 
incomplete trauma is sometimes difficult, because of 
the complex and3D nature of the levator hiatus occu-
pying a warped (non-Euclidean) plane.36 Recently, 
Dietz et al.37 proposed a method to define partial and 

complete trauma of the LAM: they considered a com-
plete avulsion to be if all three central slices (slice at 
plane of minimal hiatal dimension plus the two above) 
were abnormal, and partial avulsion was diagnosed 
when any three to eight slices were abnormal. Consid-
ering these criteria for diagnosis of avulsion, we have 
included complete and partial avulsion in our results. 
The ultrasound differential diagnosis between a mus-
cular tear and the presence of a fluid collection, e.g. 
a haematoma, is also sometimes unclear. LAM defect 
occurred more frequently (but not siginificantly so) on 
the right side, but were often bilateral, the latter diag-
nosed more commonly than has been observed previ-
ously24, 25. This increased prevalence of bilateral de-
fects may have been due to the improved detection of 
smaller abnormalities with tomographic imaging. De-
fects seemed best defined on levator ani contraction, 
and the use of volumes obtained on contraction may 
also have improved the detection compared with previ-
ously used methodology24.From our data it also seems 
that bilateral avulsion (more than30% of all defects in 
both groups), is not as rare as previously de scribed.15, 
35 This can be considered acceptable in light of the 
inclusion of complete and partial avulsion. We cannot 
exclude the possibility that those women who under-
went an emergency caesarean section may have begun 
in adequate voluntary pushing for some time before 
complete dilatation, considering that it appears to be 
more plausible for maternal expulsion forces to gen-
erate an injury rather than uterine contractions. This 
could create a bias when it comes to interpreting the 
data. The discussion about the possible protective ef-
fect of an elective c-section on the pelvic floor is still 
in progress: Altmann and colleagues38 describe that 
incontinence symptoms are more common following 
spontaneous vaginal delivery when compared with ce-
sarean section 10 years after first delivery. However, 
cesarean section is not associated with a major reduc-
tion of anal and urinary incontinence38 (altmann et 
al. 2007).on the other hand, Boyles et al.39 found in 
a study in5599 primiparous women that indeed vagi-
nal delivery increases the risk of urinary incontinence, 
but they could not show a statistical difference in the 
incidence of urinary incontinence among those wom-
en who had elective cesarean deliveries (6.1%), wom-
en who had cesarean deliveries after laboring (5.7%), 
and women who had cesarean deliveries after laboring 
and pushing(6.4%) (Boyles et al. 2009)39.The lack of 
ante partum scans also includes the possibility of the 
presence of asymmetric levators as a normal anatomic 
variant in nulliparous women. The only study demon-
strating the presence of levator abnormalities after cae-

sarean section was published by Novellas et al.40 They 
assessed primiparous women with MRI shortly after a 
caesarean section had been performed and they report-
ed abnormalities (defined as hyper signal of the mus-
cle, thinning or thickening, or rupture of the muscular 
insertion) in the pubococcygeus-puborectalis muscle 
of those women. They demonstrated that women expe-
riencing active labour during a caesarean section had 
2.7 times more abnormalities than women undergoin-
ga caesarean without being in labour (including the 
emergency group of women with an average cervical 
dilatation of 6.2 cm [range 3–10 cm] and an average 
duration of labour of 5.65 hours [range 2–10 hours]).A 
methodological aspect of our study and Albrich33 et 
al. 2011 were to investigate the structure of the LAM 
just after delivery. This is in contrast to most of the 
published studies, whereby its biometry was evaluat-
ed at least 6 weeks postpartum.15,41-43 The minimal 
discomfort of 3D perineal sonography allowed us to 
evaluate the LAM even in the delicate and sensitive 
period of the early postpartum days. The fact that only 
6 women complained of pain or discomfort during the 
assessment and that 104 women completed the exam-
ination, confirms the broad feasibility and acceptance 
of this assessment procedure. In addition, to scan the 
women at this time was favorable in terms of logistics 
because they were still in hospital. Such early ultra-
sound assessment allows us to evaluate the soft pelvic 
tissue immediately after the acute trauma, before tis-
sue transformations and the remodeling process have 
occurred in the postpartum period. However, this tim-
ing of the assessment only permits us to evaluate the 
LAM morphology at rest: the movement of the pelvic 
floor (contraction or Valsalva manoeuvre) could not be 
performed correctly by all women immediately post-
partum because of pain related to episiotomy, perine-
al lacerations, caesarean wound, uterine contractions 
or simply the discomfort related to recent delivery. 
Therefore the lack of dynamic volumes during pelvic 
floor muscle contraction could also be a possible ex-
planation for our unexpected findings, considering that 
avulsions appear to be more de fined during contrac-
tion of the muscle.44Tomographic ultrasound imaging 
and quantification of defects will hopefully allow us 
to investigate the etiology and pathogenesis of levator 
ani trauma in greater detail, in order to define person-
al risk factors and the impact of obstetric variables. It 
is expected that more detailed assessment of trauma 
will increase the power of a longitudinal study aims 
to assess the prevalence and extent of trauma and its 
association with obstetric parameters in women after 
their first vaginal delivery. 
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Conclusion
From our results we can conclude that there was strong 
positive association between vaginal delivery and le-
vator trauma, and associated with a higher risk of en-
larging the pelvic diaphragm hiatus, in comparison 
with caesarean section. From our findings it seems that 
the beginning of labour itself may play a role in levator 
morphological changes. Also, we can conclude that, 
emergency caesarean section seems to have no com-
plete preventive effect on LAM trauma. While elective 
cesarean section completely protect LAM integrity.
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Introduction
The polycystic ovary syndrome (PCOS) is the most common cause of oli-
goovulation and anovulation both in general population and among wom-
en presenting with infertility.  The association of the clinical features of 
obesity, oligomenorrhoea or amenorrhoea and hirsutism with biochemical 
evidence of hyperandrogenemia, and characteristic morphology on ul-
trasound has formed the basis of the diagnosis of the PCOS.  Rotterdam 
consensus conference recently defined PCOS as a clinical syndrome com-
prising two of the three features:  amenorrhoea or oligomenorrhoea, clini-
cal or biochemical hyperandrogenism, and bilateral polycystic ovaries on 
ultrasound (The Rotterdam ESHRE/ASRM Sponsored PCOS Consensus 
workshop group, 2004).
The drug of choice for inducing ovulation in patients with PCO is clomi-
phene citrate, taken orally, although 20% of women given clomiphene cit-
rate fail to ovulate. Ovulation induction with gonadotrophin is well estab-
lished in patients resistant to clomiphene citrate, but extensive monitoring 
is necessary because of high sensitivity of polycystic ovaries to exogenous 
gonadotrophins, with the risk of multiple follicle development leading to 
termination of the cycle, ovarian hyperstimulation syndrome, or multip4le 
pregnancy (Homburg, 1993).  Laparoscopic ovarian drilling is an alterna-
tive to gonadotrophin therapy for clomiphene citrate resistant PCOS and 
damaging technique of ovarian wedge resection. Ovarian drilling appear 
to be effective as routine gonadotropin therapy in the treatment of clomi-
phene citrate resistant PCOS, and the Cochrane database concluded that, 
while there is insufficient evidence to demonstrate a difference between 
6 and 12 months follow up after LOD and 3 and 6 cycles of ovulation 
induction with gonadotrophins, multiple pregnancy rates are considerably 
reduced with LOD.  Also, LOD is free of the risk of OHSS and does not 
require intensive ultrasound monitoring (Farquhar et al., 2007).
IVF is not the first line of treatment for PCOS, but many patients with the 
syndrome may be referred for IVF, because they fail to conceive despite 
ovulation, that is their infertility remains unexplained.  Furthermore, ap-
proximately 30% of women have PCOS, may present for assisted con-
ception treatment because of other reasons as tubal factor or male factor 
(Homburg et al., 1993).
However, few data exist, regarding the effect of LOD on subsequent ovar-
ian stimulation for IVF (Mac Dougall et al., 1993).

Patients and Methods
This retrospective study compare ovarian stimulation and outcome of 
ICSI in 25 patients with clomiphene citrate resistant polycystic ovarian 
syndrome (PCOS), who had previously treated with laparoscopic ovarian 
drilling (LOD) with 25 control patients with clomiphene citrate resistant 
PCOS, who had not undergone such treatment before ICSI.  The study was 
carried out in the ART unit, international Islamic Center for Population 
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Studies and Research (IICPSR), Al-Azhar University, 
we reviewed the ART registered data during the period 
from January 2007 to December 2009.
All cases will be submitted to the following:
•	 Detailed history excluding the patient with previ-

ous or recent hepatic, renal, metabolic or gastroin-
testinal diseases which might affect the parameters 
to be investigated and they are non-smokers.

•	 Complete examination (general and local) and lab-
oratory investigations to confirm the history and to 
exclude the presence of any autoimmune diseases, 
hypertension, diabetes mellitus and other endom-
crinological diseases.

•	 The following biochemical estimations were per-
formed for every patient included in the study:

-	 CBC
-	 Complete liver function tests (ALT, AST, Billiru-

bin (total & direct), Total Protein,  Albumin, ALP, 
GGT)

-	 Serum Urea, Creatinine.
-	 Fasting & Post-prandial blood sugar levels.
-	 Antimullerian hormone levels using ELISA (En-

zyme Linked immunosorbant assay) (Teco diag-
nostics).

-	 Basal (FSH, LH, PRL, E2) , and E2 level repeat-
ed at day 6 of stimulation and according to ovari-
an response, T3, T4, TSH using ELFA technique 
(Enzyme linked fluorescent assay) (Vidas Biomer-
ieux).

The diagnosis of PCOS in the selected group of women 
was based on the Rotterdam criteria, including the as-
sociation of at least two of the following three criteria:
1.	 Ovulatory disturbance, mainly oligomenorrhoea or 

amenorrhoea,
2.	 Hyperadrogenism defined only clinically in our 

study by hirsutism as there is no available data in 
the files regarding the serum testosterone level.

3.	 Ultrasonographic picture of PCOS.  All the studied 
women were <40 years of age with history of ano-
vulatory primary infertility and with normal male 
factor.  

All underwent COH for ICSI using the long midlu-
teal GnRH agonist protocol.  GnRH agonist leuprolide 

acetate (Lucrine 10 IU) or treptoreline (Decapeptyle 
0.1mg)  was given subcutaneously daily starting from 
day 21 of the preceding cycle. Adequate pituitary de-
sensitization is obtained when (E2<50 pg/mI).
The starting dose of gonadotrophins depend on, pa-
tients age, BMI, endocrinological status of the pa-
tients, number of antral follicles on cycle day 3, ovari-
an volume and previous ovarian response.  The starting 
dose was fixed for the 1st 5 days, and then the dose of 
gonadotrophins was adjusted according to individual 
ovarian response as indicated by transvaginal u/s every 
other day and serum E2 level as indicated. Human cho-
rionic gonadotropins 10.000 IU given intramuscular 
when at least half number of follicle approach diame-
ter 18-20mm.Ovum pick-up was performed 34-36 hrs 
after hCG injection. Retrieved oocytes were subjected 
to ICSI. Embryo transferred transcervically guided by 
u/s 2-3 days after retrieval.  Number of transferred em-
bryos varied with age of the patient, embryo quality 
and previous cycle outcome. Luteal phase was sup-
ported by either cyclogest 200 mg vaginal suppository  
every 12 hrs or prontogest 100 mg ampoule IM every 
24 hrs.  Serum βhCG was estimated 2wks after em-
bryo transfer. Clinical pregnancy was defined by the 
demonstration of a gestational sac on u/s.
Studied women were achieved 61 cycle, 31 cycles 
for women in (Group A) and 30 cycles for women in 
(Group B) eight cycles were cancelled.

Statistical Analysis
The study analysis was done by using Statistical Anal-
ysis System Software package (SAS, version 9.0).  
Descriptive analysis (X2 test and Fisher exact tests, 
as appropriate, for the categorical variables and t test 
for the continuous variables) were prepared to exam-
ine the difference between the studied group of women 
with clomiphene citrate resistant polycystic ovary syn-
drome (PCOS) who had previously treated with lapa-
roscopic ovarian drilling (LOD) (Group A) with those 
who had not undergone such treatment before ICSI 
(Group B).The two groups were compared according 
to their characteristics (age, BMI, infertility factors, 
etc...), cancellation, and results of ovarian stimulation, 
fertilization rate, and pregnancy outcome using appro-
priate statistical tests.  The significant levels in all anal-
ysis were accepted if P value is less than 0.05. 
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Results
Table (1)
Characteristics of women with polycystic ovary syn-
drome in the studied group (g roup A) compared with 
the control group (group B)

Characteristics * Group A
(n=25)

Group B
(n=25) P Value

Age in years (mean 
+ SD)

29.0 + 4.1 28.7 + 4.5 0.77

BMI kg/m2 (mean 
+ SD)

29.0 + 4.1 28.5 + 3.5 0.43

BMI kg/m2
< 25

25-<30
>  30

5 (20%)     
6 (24 %)
14(65%)

3 (12%)   
10 (40%)             
12 (48%)

0.48

* Data are presented by mean+ SD or by n (%).

Table (2)
Additional causes and duration of infertility in the stud-
ied group (group A) compared with the control group 
(group B)

Infertility 
characteristics* and 
number of cycle trial

Group A
(n=25)

Group B
(n=25) P 

Value
No % No %

Additional cause of 
infertility

Tubal
Pelvic adhesion

Unexplained

6
4
15

24.0
16.0
60.0

6
2
17

24.0
8.0
68.0

0.68

Infertility duration  
in years 

(mean + SD)
6.0 + 3.4 6.1 + 3.2 0.90

Number of cycle 
trial

One trial
Two trials

Three trials
Four trials

22
1
1
1

88.0
4.0
4.0
4.0

21
3
1
0

84.0
12.0
4.0
0.0

0.45

* Data are presented by number and percent or by mean+ SD

Table (3)
Basal hormonal profiles in the studied group (group A) 
compared with the control group (group B)

Basal hormone 
profiles

Group A
(n=25) 

(cycle = 31)

Group B
(n=25)

 (cycle = 30)
P Value

FSH (mean + SD) 4.5 + 1.8 5.1 + 1.7 0.10

LH (mean + SD) 10.7 + 4.3 12.1 + 3.1 0.04*

PRL (mean + SD) 15.0 + 4.1 13.0 + 4.2 0.11

E2  (mean + SD) 57.7 + 34.8 49.8 + 39.7 0.46

* Significant

Table (4)
Total number of ampoules of HMG administrated,  the 
day HCG injection and E2 level at the day of HCG in-
jection  in the studied group (group A) compared with 
the control group (group B)

Treatment factor
Group A
(n=25)

(cycle = 31)

Group B
(n=25)

 (cycle = 30)

P 
Value

Total number of HMG ampoules 
(mean + SD)

38.5 + 10.1 33.1 + 8.7 0.35

Day of hCG injection (mean + 
SD)

14.3 + 5.5 13.9 +  4.2 0.18

E2  level at the day of hCG 
injection 
(mean + SD)

1672 + 954 1688 + 980 0.87

Table (5)
Comparison between follicle number >14mm, oocyte 
retrieved, endometrial thickness, mature and fertilized 
oocytes in the studied group (group A) compared with 
the control group (group B)

Follicle and oocyte factors

Group A
(n=25) 
(cycle = 

31)

Group B
(n=25)

 (cycle = 30)
P Value

Follicle >14 mm  (mean + SD) 13.6 + 6.8 15.6 + 6.2 0.04*

Oocyte retrieved  (mean + SD) 9.1 + 3.7 10.2 + 4.1 0.26

Mature oocyte (mean + SD) 5.8 + 3.7 8.5 + 4.8 0.01*

Fertilized oocyte  (mean + SD) 4.0 + 2.5 5.8 + 3.6 0.36*

Endometrial thickness  (mean 
+ SD)

10.8 + 1.5 11.4 + 2.1 0.27

* Significant

Table (6)
Comparison between fertilization rate in the studied 
group (group A) compared with the control group 
(group B)

Fertilization
Group A
(n=25) 

(cycle = 31)

Group B
(n=25)

 (cycle = 30)
P Value

Fertilization % per 
ovum

195/282=69.0% 312/820=74.0% 0.16

Fertilization % per 
cycle*

27/27 =100% 26/26=100% 1.00

* Excluding cancelled cycles in both groups (four cycles were 
cancelled from each group)

Table (7)
Comparison between total embryo obtained and em-
bryo grading in the studied group (group A) compared 
with the control group (group B)

Embryo factor
Group A
(n=25)

(cycle = 31)

Group B
(n=25)

 (cycle = 30)

P 
Value

Total embryo number  (mean + 
SD)

5.0 + 3.9 6.2 + 4.1 0.04*

Embryo Grade  A (mean + SD) 3.8 + 3.2 4.7 + 3.5 0.04*

Embryo Grade B  (mean + SD) 1.9 + 1.1 2.2 + 0.9 1.00

Embryo Grade C  (mean + SD) 1.4 + 0.7 1.5 + 0.8 0.98

No. of transferred embryos  
(mean + SD)

2.5 + 0.7 2.8 + 0.8 0.58

* Significant

Table (8)
Comparison between pregnancy rate in the studied 
group (group A) compared with the control group 
(group B)

Pregnancy outcome
Group A
(n=25) 

(cycle = 31)

Group B
(n=25)

 (cycle = 30)
P Value

Pregnancy rate per cycle 29% (9/31) 33% (10/30) 0.40

Pregnancy rate per embryo 
transfer

33% (9/27) 38% (10/26) 0.18

* Significant

Table (9)
Causes of cycle cancellation in the studied group 
(group A) compared with the control group (group B)

Causes of cycle cancellation
Group A
(n=25) 

(cycle = 31)

Group B
(n=25)

 (cycle = 30)
P Value

Ovarian hyperstimulation 
syndrome (OHSS)

1/31 (3.2%) 2/30 (6.7%) 0.23

Empty follicles 1/31 (3.2%) 1/31 (3.3%) 0.85

Poor responders 2/31 (6.5%) 1/31 (3.3%) 0.22

Total 4/31 = 12.9 4/30=13.3 0.90

* Data are presented by n (%).

Discussion
One of the main causes of female infertility is chronic 
anovulation associated with polycystic ovarian syn-
drome (PCOS).  PCOS is thought to occur in 5 to 10% 
of reproductive-age women, with anovulatory ovarian 
dysfunction accounting for 30% of female infertility 
(Seow et al., 2008).
Laparoscopic ovarian drilling (LOD) is an alternative 
approach in treating clomiphene citrate resistant pa-
tients with PCOS. LOD is currently recommended by 
the European Society of Human Reproduction as well 
as the PCOS Consensus Workshop Group sponsored 
by the American Society of Reproductive Medicine 
as a second-line intervention for Clomiphene citrate 
resistant PCOS. There is evidence that LOD may im-
prove endocrine status in addition to fertility outcome 
in patients with PCOS (Thessaloniki EHSRE-AS-
RM-Sponsored PCOS Consensus Workshop Group, 
2008).
LOD is increasingly being recommended as early 
treatment option for women with clomiphene resistant 
PCOS. Few data exist, regarding the effects of LOD on 
subsequent ovarian stimulation for IVF.  So, the aim 
of our present study was to evaluate the effect of LOD 
done for management of clomiphene citrate resistant 
patients with PCOS on the outcome of ICSI.
Comparison of the basal hormone profiles between 
the studied groups had shown no significant differenc-
es between the two groups with regard to all studied 
mean levels of basal hormonal profiles except for the 
mean level of LH (p=0.04) with the highest mean level 
was among group B (12.1 + 3.1) compared with (10.7 
+ 4.3) in group A.  Our results compare favorably with 
previously reported results of (Greenblatt and Casper, 
1987; Rossmanith et al., 1991) and(Naether et al., 
1994).
The reduction in the serum LH concentration follow-
ing LOD is reported to be the main mechanism by 
which reproductive outcome is improved, with elevat-
ed concentrations being associated with a reduction in 
oocyte quality, fertilization rates and embryo quality 
(Stanger and Yovich, 1985; Urman et al., 1992), and 
higher miscarriage rates (Homburg et al., 1988; Regan 
et al., 1990).
The study done by Amer et al., in 2002, included 16 
anovulatory women with polycystic ovary syndrome 
(PCOS) who underwent LOD between 1991 and 1999 
(study group) and 34 anovulatory PCOS women di-
agnosed during the same period, who had not under-
gone LOD (control group).The LH/ FSH ratio, mean 
serum concentrations of LH and testosterone and free 
androgen index decreased significantly after LOD and 
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remained low during the medium-and long-term fol-
low-up periods.
In the study done by Malkawi et al., 2003, patients 
were allocated into two groups; group 1 includes 64 
women who received metformin, 850 mg twice daily 
throughout the cycle, and group 2 which included 97 
women who underwent laparoscopic ovarian drilling.  
A significant improvement in the regularity of men-
strual cycles (P<0.05) and a significant reduction in the 
serum levels of testosterone (P<0.01), and rostenedi-
one (P<0.01), DHEAS (P<0.05), LH (P<0.01) and LH: 
FSH ratio (P<0.05) were noted after the treatment.
In two similar studies done by Wu et al. in 2004 and 
Api et al. in 2005, they found significant decreases in 
the free androgen index, and total testosterone, lutein-
izing hormone (LH), and LH/FSH ratio, and a signifi-
cant increase in sex hormone binding globulin (SHBG) 
concentration in the 3 months after the operation.
The results of the above mentioned studies cannot be 
directly compared with our study because we don’t 
have enough data regarding the androgen levels.  How-
ever, those results are consistent with ours in that it 
shows similar reduction in the levels of LH concentra-
tions following LOD.
Comparison between number of follicles >14 mm, oo-
cytes retrieved, mature and fertilized oocytes and the 
endometrial thickness in the studied women (group A) 
compared with the control women (group B) had re-
vealed that the mean number of follicle >14 mm, oo-
cytes are higher in group B compared with group A, 
with statistically significant differences were observed 
between the two groups as regarding the total follicle 
count (15.6 + 6.2 versus 13.6 + 6.8), mature oocyte 
(8.5 + 4.8 versus 5.8 + 3.7) and fertilized oocytes (5.8+ 
3.6 versus 4.6 + 2.5).  The mean endometrial thickness 
of group B is slightly higher in group A with no statis-
tically significant difference.
In contrast to our results, in a study done by Colacurci 
et al. in 1997, in which IVF embryo transfer outcome 
was assessed in 23 women with PCOS following LOD 
within 9 months of surgery.  In this report, no signifi-
cant differences were identified in the fertilization rate 
between women who had undergone ovarian diather-
my before IVF and those who had not.
A possible explanation for the difference in results be-
tween our study and those of Colacurci et al. in 1997 
is that in the present study, the higher fertilization rate 
observed in group B women may be explained by the 
greater number of follicles > 14mm in diameter, which 
have yielded more mature oocytes.  However, despite 
more embryos being available in group B, two or three 

good grade embryos were available for transfer in both 
groups.  The increased number of follicles > 14mm in 
diameter in group B compared with group A (15.6 + 
6.2 versus 13.6 + 6.8) may be an indication of subtle 
decrease in ovarian responsiveness following LOD.
Comparison between fertilization rate per cycle and 
per ovum in the studied women (group A) compared 
with the control women (group B) had declared that 
the total fertilization rate per ovum in all studied wom-
en was 72% (507/702).  The fertilization rate per ovum 
was 69% in group A and 74% in group B with no sta-
tistically significant difference (p=0.16).  The fertiliza-
tion rate per cycle among the studied group A and B, 
excluding cancelled cycles before injection, is calcu-
lated to be 100% (p=1.0).
Comparison between total embryo number obtained 
and embryo grading in the studied women (group 
A) compared with the control women (group B) had 
shown that the mean level of total embryo number ob-
tained (5.0 + 3.9 versus 6.2 + 4.1) as well as the mean 
number of the obtained embryo grade A (3.8 + 3.2 ver-
sus 4.7 + 3.5) were found to be higher in the (group B) 
compared with (group A) with statistically significant 
difference (p=0.04).  The mean level of grade B and C 
embryos as well as the number of transferred embryo 
was nearly the same in both groups with no statistical-
ly significant difference.
Comparison between pregnancy rate in the studied 
women (group A) compared with the control women 
(group B) revealed no significant difference between 
the two groups with regard to pregnancy rate per cycle 
(p=0.40).  Although the pregnancy rate was higher in 
group B compared with group A (33% [10/30] versus 
29% [9/31]) .  Also, the pregnancy rate per embryo 
transfer was higher in group B (38% [10/26] versus 
33% [9/27])in group A, but with no statistically signif-
icant difference between the two groups.
The pregnancy rate varies between different studies, 
and the possible reasons may be any of the following; 
(1) the small sample size of the studies. (2) The num-
ber and depth of the punctures are different in studies.  
Further, the thermal power also varies, and it thus pro-
duced different results.  (3) Any additional infertility 
features will influence these pregnancy rates (Seow et 
al., 2008).
Previously, a reduced trend for OHSS following LOD 
has been observed (Colacurci et al., 1997).  In the pres-
ent study we observed a significant difference in mul-
tiple follicular development, with a greater percentage 
of the follicles > 14mm in diameter in (group B) or the 
untreated group (15.6 + 6.2 versus 13.6+ 6.8; p=0.04) 
which may reflect an increased risk for OHSS.  This re-

duced potential for the development of OHSS in wom-
en who have undergone LOD has also been described 
by Gadir et al. in 1992.
Also in a similar study done by Rimington et al. in 
1997, LOD was performed on 25 out of 50 women with 
PCOS following pituitary down regulation just before 
receiving gonadotrophins for ovarian stimulation in 
an IVF cycle. These authors found the occurrence of 
moderate or severe OHSS to be higher in the untreated 
group, and proposed that LOD would be a potentially 
useful treatment in women who have previously had 
an IVF cycle cancelled due to risk of OHSS, or who 
have suffered OHSS. 
Egbase et al. in 1998, reported three women in whom 
unilateral LOD was performed 3-5 weeks before 
IVF-embryo transfer and who had previously devel-
oped moderate to severe OHSS as a consequence of 
ovarian stimulation. All three women were asympto-
matic following ovarian stimulation, despite having 
received similar doses of gonadotrophins.

Conclusion
The study has not shown any significant differences 
between the two patient groups in terms of ICSI out-
come with respect to the pregnancy rate per cycle or 
per embryo transfer.  LOD may be associated with 
lower miscarriage rates and higher ongoing pregnancy 
rates per cycle and per embryo transfer, as suggested 
previously by Colacurci et al., 1997.  LOD may also 
have benefits for women undergoing ICSI by possibly 
reducing the incidence of OHSS.  Meanwhile, it is re-
assuring that the judicious use of ovarian diathermy 
does not appear to alter the outcome of ICSI.
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Abstract:
Main and most common methods of embryo analysis and morphological 
classification currently used in ART medical practice evaluate a multiplic-
ity of morphological parameters, e.g. blastomeres number and symmetry, 
internal structures homogeneity, presence of corpuscles, cytoplasmatic 
features and characterization of embryo external shape (regularity, thick-
ness and thickness variation of zona pellucida, ZP). Growing evidences 
are suggesting that cell shape should be considered as the most critical de-
terminant of embryo competence, therefore quantitative shape descriptors 
could provide an insight on complex systems being observed.
In this study it is presented an original method for calculating a shape form 
factor (algorithm) linked to local morphological variability of embryo ZP, 
called Local ZP Variation (LZPV), instead of its macroscopic character-
istics. This method is based on harmonic analysis techniques application 
in frequency-domain representation of ZP inner and outer boundaries, to 
verify whether harmonic measures could be observationally associated to 
better results in terms of pregnancy outcome.
Preliminary observations show that our method, whether confirmed in a 
larger series of patients for its validity and reproducibility, may represent 
a valuable tool for specialists to distinguish embryos of good quality with 
higher ability to implant and reach term pregnancy.

Introduction
In vitro fertilization is an important tool in infertility treatment:  techni-
cal sophisticated approaches have been developed but final goal remains 
to achieve embryos of “good” quality leading to healthy born babies. To 
maximize pregnancy rate in Assisted Reproduction Technology (ART) it 
is essential to identify viable embryos with high implantation potential, in 
order to transfer a limited  number of embryos, reducing multiple pregnan-
cy risk without decreasing the chance of pregnancy (1-2).
A large amount of literature has been produced to identify noninvasive 
methods of embryo selection as morphology evaluation (1-8), in vitro met-
abolic activity determination (9-15) or invasive techniques as preimplan-
tation genetic diagnosis (PGD) of the first and/or second polar body, and 
embryo blastomeres at cleavage or blastocyst stage (16-29). 
Main and most common methods of analysis and morphological classifi-
cation of embryos currently used in ART are based on evaluation of many 
morphological characteristics, e.g. cell symmetry and number, internal 
structures homogeneity, presence of corpuscles, specific cytoplasmatic 
characteristics, etc. Furthermore extensive ultrastructural studies of human 
zona pellucida during in vitro fertilization have been reported (30-33).
Such evaluations are based on high-level practical guide-lines shared with-
in scientific community and applied through observer experience and skill. 
As a consequence, they are subjective parameters leading to several disad-
vantages. In particular, experimental evidences indicate quite a weak corre-
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Local Zona Pellucida Variation (LZPV), instead of its 
macroscopic characteristics.

Material and methods
This study was reviewed and approved by Institutional 
Review Board and all patients gave informed written 
consent. We reported a retrospective study using a data 
set of 75 images from 30 ICSI treatments performed 
at Infertility and Assisted Reproduction Unit, Depart-
ment of Obstetrics and Gynecology¹,”Sapienza” Uni-
versity of Rome, Rome, Italy.
Female patients age ranged from 26 to 42 (mean 35.92 
±3.6 years). Male patients age ranged from 30 to 51 
(mean 39.68 ±4.8 years).
All patients included in this study had a normal kary-
otype, normal hormonal assessments, negative vaginal 
or urethral cultures and had no malignancy or systemic 
diseases.
 All patients who underwent a standard infertility eval-
uation were nulliparous with previous failed IVF cy-
cles ranging from 0 to 4 and none of them showed ba-
sal FSH >10 mIU/ml or E2 > 40 pg/ml on cycle Day 3. 
No difference was found between the two groups.
Ovarian stimulation and oocyte retrieval 
ICSI cycle management consisted of down regula-
tion with a long protocol starting from day 21 of the 
pretreatment cycle with a GnRH agonist (Decapeptyl 
0.1 ml, daily subcutaneous (s.c.), IPSEN/BIOTECH, 
Paris, France). Once ovarian suppression was assessed 
by E2 profiles and ovarian ultrasound scan (US), daily 
subcutaneous administration of 150 IU urinary or re-
combinant FSH was commenced. 
From the seventh day of stimulation, daily monitoring 
of follicles size by US was performed and plasma lev-
els of E2 and progesterone were measured. From this 
stage, the dose of FSH was adjusted depending on the 
individual response of each patient.
Criteria used for triggering ovulation with 10.000 IU 
hCG (Gonasi HP 5000® IBSA) s.c. were plasma E2 
between 1000 and 3000 pg/ml and at least four folli-
cles >18 mm mean diameter (two perpendicular meas-
urements) with plasma Progesterone < 1.5 ng/ml.
Oocyte retrieval was performed 36 hours after hCG 
administration, by transvaginal US-guided follicular 
aspiration under i.v. sedation.
Semen preparation and insemination
Preparation of semen samples collected by masturba-
tion was performed following the World Health Organ-
ization (WHO) standard protocol (48). ICSI was per-
formed according to procedure  reported by Palermo 
(49) and  exclusively on metaphase II oocytes. 

lation between assessment of the above-mentioned set 
of parameters and ART procedures success. Alterna-
tive embryo assessment methods have been proposed 
in literature, e.g. characterization of embryo external 
shape (zona pellucida regularity, thickness and vari-
ability). According to some authors   zona pellucida 
thickness (ZPT) and zona pellucida thickness variation 
(ZPTV) seem to influence clinical ART pregnancy out-
come (34-38).
Although more quantitative, these methods also pres-
ent sub-optimization for intra- operators variability, 
as well as other factors like embryo orientation in the 
image or even images size and resolution.  As a result, 
today there is no conclusive evidence of an effective 
advantage for ART. Growing evidences are suggesting 
that cell shape (for example in cancer cells) should be 
considered as the most critical determinant of embryo 
competence (39), therefore quantitative shape descrip-
tors could provide an insight on complex systems be-
ing observed (40-41). On the other hand it has been 
suggested that Day 3 embryo shape is weakly associ-
ated with IVF outcome and it is unlike to be a useful 
additional marker for embryo selection (42).
Furthermore, automatic analysis of human embryo mi-
croscope images was reported (43, 44) and reviewed 
by Santos Filho in 2010 (45). More recently the same 
author described a semi-automatic grading method for 
human blastocyst microscope images: trophectoderm 
layer, inner cell mass and inner and outer boundary of 
zona pellucida (46). 
ZP inner boundary is well defined and therefore its re-
liable automatic segmentation can be easily obtained 
using different methods: intensity-based thresholding 
methods, direct least square fitting of ellipses (47).  
Conversely, ZP outer boundary is not well defined be-
cause ZP is relatively transparent and does not have 
a high-contrast outer boundary. In addition, ZP outer 
boundary may present several artifacts such as gran-
ular cell fragments and spermatozoa, which should be 
carefully masked-out in order to obtain an accurate 
segmentation. 
Thus automatic segmentation of ZP outer boundary 
is a difficult task and a fully automatic segmentation 
method is currently under development.  As a result, 
a quantitative and reproducible automatic method of 
embryo analysis is still lacking.

Aim of the study
In this study it is presented an original method for 
calculating a  shape form factor (algorithm) linked to 
local morphological variability of embryo ZP, called 

Fertilization assessment
Oocyte fertilization was assessed 16-18 hours (Day 1) 
after ICSI to confirm two pronuclei presence. 
Embryo Quality Assessment
In our laboratory embryos are routinely scored at 40-
42 hours (Day 2) after ICSI according to Veeck classi-
fication. A morphologic grade (I, II, III, IV, and V) is 
assigned according to blastomeres number and frag-
mentation percentage (50). Embryos were observed 
by an inverted microscope with Hoffman modulation 
contrast at magnification 400x (TE 2000 U, Nikon 
Corporation, Tokio, Japan) and images were captured 
by a computerized system (X-ProTM). Photographic 
acquisition format was jpg at   resolution 2560x1920.
Figure : microscope embryo image acquired on sec-
ond day after fertilization with Hoffman modula-
tion contrast system at a magnification of 400x.

        

Embryo image analysis process consists in determin-
ing ZP region. This is obtained by defining ZP outer 
and inner boundary as illustrated in figure 2. In order 
to obtain very high accurate results, we followed a 
semi-automatic approach. ZP boundary is designed by 
an expert embryologist, then segmentation refining is 
performed automatically.
Figure : Example of Day 2 embryo outer and inner 
ZP manual segmentation (400x).

After ZP inner and outer boundaries detection, ZP is 
analysed by computing the Local Zona Pellucida Vari-
ation – LZPV. LZPV method is based on an innovative 
harmonic analysis technique application in the fre-
quency-domain representation of the ZP inner and out-
er boundaries, which takes into account local variation 
of ZP borders. The overall methodology has been de-
veloped by Advanced Computer System S.p.a. Rome, 
Italy (www.acsys.it) and it is protected by a patent.
Main advantage of LZPV is to calculate ZP local char-
acteristics with greater accuracy compared to tradi-
tional morphological analysis currently used. Indeed, 
while routinely used methods (e.g. VSZP) focus only 
on high-level average values of ZP thickness variabil-
ity (considering only 4/8 ZP thickness measurements), 
this new approach analyzes and synthesizes a more 
precise and granular set of local shape factors, meas-
ured in proximity of ZP borders. It is important to point 
out that this proposed shape factor is not affected by 
variability linked to orientation of biological structure 
in the image or scale/resolution of image itself. Conse-
quently, this method guarantees a total reproducibility, 
which potentially may translate into fully standardized 
approaches with high reliability of use in ART practice.
Embryo Transfer
75 embryos (I-III scoring grade) were transferred in 30 
patients (mean 2.5 embryos/patient). Embryo transfer 
was performed at Day 2 after oocytes retrieval under 
US guidance, with Wallace embryo transfer catheter 
(HG Wallace, Hythe, Kent, UK). All transfer proce-
dures were performed by the same physician to avoid 
interoperator variability. All patients undergoing em-
bryo transfer received supplemental progesterone in-
tramuscular (50 mg/day; Prontogest; Amsa, Milano, 
Italy) from the day of replacement.
Establishment of Pregnancy
Chemical pregnancy was initially determined 14 days 
after embryo transfer by a positive qualitative serum 
β-hCG assay (˃50 mIU), followed by a repeated quan-
titative β-hCG levels. A clinical pregnancy was defined 
as at least one foetus with a positive heartbeat revealed 
by transvaginal sonography 4 to 5 weeks after embryo 
transfer. Implantation rate was defined as the number 
of gestational sacs on ultrasound as a percentage of the 
embryos transferred.
Statistical analysis
Data were retrospectively collected and analyzed by 
computing test statistics figures: estimated population 
midpoints and 95% confidence interval. Confidence 
intervals are calculated according to the efficient-score 
method (corrected for continuity) described by
Newcombe(51).

Cesare Aragona



48 49Egypt.J.Fertil.Steril. Volume 18, Number 1, January 2014 Egypt.J.Fertil.Steril. Volume 18, Number 1, January 2014

Results
In this study 75 images relative to 30 patients were 
blinded analyzed and statistically evaluated by using 
a “test data set”. “Test data set” is used in order to find 
out local ZP variability threshold value for classifying 
embryos as “+” and “-”: an embryo is classified “+”if 
the LZPV value is superior or”-“if is inferior to the de-
termined threshold. All 30 patients are split in positive 
and negative clusters: positive patient if at least one 
embryo is “+”, negative patient if the previous condi-
tion is not verified. In patients analyzed by “test data 
set” 13 pregnancies were observed, including 3 abor-
tions and 10 term pregnancies. Overall, births preva-
lence is equal to 33.3% (10 out of 30 cycles), while 
pregnancies prevalence is equal to 43.3% (13 pregnan-
cies out of 30 cycles).
Table (1)
clinical trial results 

Test - 18

No pregnancy 14

Abortion 3

Birth 1

Test + 12

No pregnancy 3

Abortion 0

Birth 9

The method detects as positive 12 patients (see Table 
1), of which:
•	 9 patients term delivered (out of a total of 10 de-

liveries);
•	 0 patients aborted (out of a total of 3 abortions);
•	 3 patients did not present pregnancy (out of a total 

of 17 cases of non-pregnancy).

The same method identifies as negative 18 patients 
(see Table 1), of which:
•	 1 patients term delivered (out of a total of 10 de-

liveries);
•	 3 patients aborted (out of a total of 3 abortions);
•	 14 patients did not present pregnancy (out of a total 

of 17 cases of non-pregnancy).
Main results are reported in Table 2 and Table 3. Defi-
nition of computed statistical figures are reported in 
Table 4. Results includes also 95% of confidence in-
terval, in line with standards used in clinical practice.

Table (2) 
Birth vs. No Birth (= No pregnancy + Abortion) statis-
tical analysis

Birth No Birth TOT

Test + 9 3 12
Test - 1 17 18
TOT 10 20 30

Prevalence 33,3 95% confidence interval

Sensitivity 90.0 54.1 99.5

Specificity 85.0 61.1 96.0

PPV 75.0 42.8 93.3

NPV 94.4 70.6 99.7

Table (3)  
Pregnancy (= Birth + Abortion) vs. No Pregnancy sta-
tistical analysis

Pregnancy No Pregnancy TOT

Test + 9 3 12

Test - 4 14 18

TOT 13 17 30

Prevalence 43,3 95% confidence interval

Sensitivity 69.2 38.9 89.6

Specificity 82.3 55.8 95.3

PPV 75.0 42.8 93.3

NPV 77.8 51.9 92.6

Main outcomes are here reported:
1.	 Probability that a patient testing positive leads to 

term pregnancy is 75% ([42.8% - 93.3%] - 95% 
CI), versus 33.3% without test.

2.	 Probability that a patient testing positive presents 
a pregnancy is 75 % ([42.8% - 93.3%] - 95% CI) 
versus 43.3% without test.

Figure 3

Outcome (+) Outcome (-) TOT

Test + A B A + B

Test - C D C +D

TOT A + C B + D

Sensitivity = A/(A+C); Specificity = D/(B+D); PPV (Positive Pre-
dictive Value) = A/(A+B); VPN (Negative Predictive Value) = D/
(C+D); Prevalence = (A+C)/(A+B+C+D).

Discussion
ART is nowadays a growing reality with a number 
of born babies larger than 5 million and an actual in-
crease rate of 340000 yearly (ESHRE data, 2010), be-
ing ART pregnancies 2% of all births in  industrialized 
countries. In assisted reproduction multiple pregnancy 
rate associated with number of embryos transferred is 
a major problem, stimulating our attention regarding 
standardized scoring systems helpful in selecting em-
bryos with higher reproductive potential.
Although several morphological scoring system have 
been proposed in the literature and culture conditions 
have been improved, implantation and pregnancy rate 
remains relatively low. Actual embryo scoring and se-
lection methods may be misleading because performed 
on single observation at a static point. Furthermore re-
cent time lapse embryo imaging systems enabling con-
tinuous embryo monitoring appears promising in order 
to dynamically define optimal embryo development.
If most scoring system proposed are subjective reflect-
ing embryologist personal experience semiautomatic 
or automatic image analysis have been proposed by 
developing algorithms derived from multiple images 
relative to zygote, cleaving embryo or blastocyst and 
considering external shape, blastomers, blastocyst fea-
tures, and zona pellucida. 
In this study we focused our attention on Day 2 em-
bryo ZP, after preliminary observations on Day 1 and 3 
(data not shown). Indeed zona pellucida represents the 
“shape” of the oocyte, end point between internal and 
external influences that in different systems (cancer 
cells) has been defined as the most critical determinant 
of cell function capable to govern how individual cells 
will respond to chemical signals in their local microen-
vironment. In this paper it is proposed an innovative 
and original mathematical method aimed to supply 
embryo morphological measurements as a reproduci-
ble and useful tool.
Specifically, this method is useful in calculating a 
“form factor” linked to embryo ZP local morphological 
variability, rather than to its macroscopic characteris-
tics. Indeed, while similar methods (e.g. ZPSV), com-
monly used, focus only on ZP shape values high-level 
average, our new approach analyzes and synthesizes 
a more precise and granular set of local shape factors 
measured in ZP border proximity.  This approach is 
based on harmonic analysis techniques application in 
frequency-domain representation of ZP inner and out-
er boundaries, to verify whether harmonic measures 
could be observationally associated to better results in 
terms of pregnancy outcome.

This mathematical system allows local morphological 
ZP variability evaluation on Day 2 embryos by a single 
numerical value and independently from quality em-
bryo grading. In conclusion embryos with high local 
ZP variability value have better implantation compe-
tence and higher probability to develop to term preg-
nancy.
Described method has several advantages including:
•	 Greater accuracy in measuring ZP local character-

istics compared to traditional morphological meth-
odologies currently used;

•	 Analysis of the “form factor” not affected by in-
tra-operators variability as well as other factors 
like embryo orientation in the image or even imag-
es size and resolution.  

Consequently, this method allows better robustness 
and total reproducibility, which translate into a fully 
standardized approach with high reliability of use in 
ART practice.
It is important to stress however that many other “ex-
ternal” factors not related to the embryo quality con-
tribute to final successful results. 

Conclusions
Our preliminary observations, whether prospectively 
confirmed in larger series of patients, appear suitable 
to provide an additional source of information in ART 
practice, to distinguish among embryos of good qual-
ity with intrinsic similar morphological appearance 
from those with superior quality and higher capacity to 
implant and proceed to term.
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•	 Management of infertility in women over 40’s 
Published in Maturitas, 03/15/2014  
Cabry R, et al. – Women’s fertility potential is declin-
ing with age because of multiples intrinsic and extrin-
sic factors such as life style, oxidative stress and/or en-
docrine disruptors and is affecting the ability of these 
women to conceive naturally. This declining fertility 
potential and the late age of motherhood is increasing 
significantly the number of patients consulting infertil-
ity specialists. Different strategies of investigation and 
management are proposed to patients over 40 in order 
to overcome their infertility and improve the live birth 
rate in these patients. This manuscript reports the re-
sults of the own experience from patients older than 40 
in the light of the published data and discusses the dif-
ferent therapeutic alternatives which can be proposed 
to patients over 40 consulting ART centres.

•	 Serum progesterone concentration on day of 
embryo transfer in donor oocyte cycles 

Published in Journal of Assisted Reproduction and 
Genetics, 03/14/2014  
 Brady PC, et al. – The study aims to evaluate the asso-
ciation between serum progesterone (P) levels on the 
day of embryo transfer (ET) and pregnancy rates in 
fresh donor IVF/ICSI cycles. Serum P levels on the day 
of ET in fresh donor IVF/ICSI cycles were positively 
correlated with clinical pregnancy and live birth rates. 
An increase in P dose after ET was insufficient to res-
cue pregnancy rates. Overweight and obese recipients 
may require higher initial doses of P supplementation.

•	 Reproductive prognosis in endometriosis. A na-
tional cohort study 

Published in Acta Obstetricia et Gynecologica Scan-
dinavica, 03/14/2014  
Hansen MVH, et al. – The study aims to assess the 
reproductive long–term prognosis of women with and 
without endometriosis, explore changes over time, 
and quantify the contribution of artificial reproductive 
techniques. Women with endometriosis have slightly 
fewer children, but this lessened over time due to artifi-
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cially conceived pregnancies. The risk for miscarriag-
es and ectopic pregnancies was increased compared to 
women without the disease.

•	 Value of antimullerian hormone as a prognostic 
indicator of in vitro fertilization outcome 

Published in Fertility and Sterility, 02/18/2014  
Reichman DE, et al. – This study aims to determine the 
predictive attributes of antimüllerian hormone (AMH) 
in terms of oocyte yield, cycle cancellation, and preg-
nancy outcomes. Antimüllerian hormone is a fairly ro-
bust metric for the prediction of cancellation and how 
many oocytes may be retrieved after stimulation but is 
a relatively poor test for prediction of pregnancy after 
any given treatment cycle. Patients with extremely low 
levels of AMH still can achieve reasonable treatment 
outcomes and should not be precluded from attempting 
IVF solely on the basis of an AMH value.

•	 Anti-Mullerian hormone (AMH): A reliable bi-
omarker of oocyte quality in IVF 

Published in Journal of Assisted Reproduction and 
Genetics, 02/28/2014  
Lehmann P, et al. – This study aims to evaluate the 
impact of serum AMH levels on stimulated IVF im-
plantation and clinical pregnancy rates. Patients with 
AMH < 0.47 ng/ml should be advised before starting 
a stimulated IVF cycle of the poorer prognosis com-
pared to the reference population independently of 
their age, total exogenous FSH dosage and number of 
eggs retrieved. Therefore, AMH could enable a more 
individualized number of embryo transfer policy based 
on oocyte quality.

•	 Assisted oocyte activation following ICSI ferti-
lization failure 

Published in Reproductive BioMedicine On-
line, 02/18/2014  
Meerschaut FV, et al. – This review tackles the mecha-
nism of human oocyte activation and the relatively rare 
phenomenon of fertilization failure after ICSI. Next, 
authors describe the current diagnostic approaches and 
focus on the application, efficiency and safety of AOA 
in human assisted reproduction.
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•	 Reproductive outcomes after operative laparos-
copy of patients with tubal infertility with or 
without hydrosalpinx 

Published in Chinese Medical Journal, 02/14/2014
Li X, et al. – The study demonstrates the feasibility 
and effectiveness of laparoscopic treatment for tubal 
infertile patients without hydrosalpinx. However, there 
is a lower pregnancy rate and a high risk of ectopic 
pregnancy in hydrosalpinx patients after laparoscopy. 
Further investigations are required for determining 
whether reconstructive surgery should be abandoned 
in severe hydrosalpinx.

•	 Reproductive performance after conservative 
surgical treatment of postpartum hemorrhage 

Published in International Journal of Gynecology & 
Obstetrics, 01/09/2014  
Rasheed SM, et al. – This study aims to evaluate the 
impact of bilateral internal iliac artery ligation (BIL), 
bilateral uterine artery ligation (BUAL), step–wise 
uterine devascularization (SWUD), and B–Lynch on 
infertility, ovarian reserve, and pregnancy outcome. 
Of the 4 procedures, BIL had the least deleterious ef-
fect on reproductive performance; SWUD increased 
the risk of premature ovarian failure, and B–Lynch 
increased the risks of endometriosis, intrauterine ad-
hesions, placenta previa, and preterm labor. The study 
included 168 infertile or pregnant patients–recruited 
at outpatient clinics in Egypt–who had previously un-
dergone uterine–sparing surgery (BIL [group I], n=59; 
SWUD [group II], n=65); BUAL [group III], n=2; and 
B–Lynch [group IV], n=42). Groups II and IV had the 
highest prevalences of infertility. The ovarian reserve 
was significantly lower in group II. Unexplained in-
fertility was the predominant cause of infertility in 
group I, anovulation and premature ovarian failure in 
group II, and endometriosis and intrauterine adhesions 
in group IV. The frequency of obstetric complications, 
particularly placenta previa and preterm labor, was 
high in group IV.
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