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ABSTRACT

Now-a-days the assisted reproductive technologies (ART) are progressing and advancing rapidly. Many reproductive medicine specialists do believe in ART to be the first choice for infertile women regardless of age related issues while gynecologists do believe in reproductive surgery as basic treatment option for these patients. Debate is still unsolved between reproductive
surgery or ART which is the first choice for management of infertility. Many issues increase
the complexity of the debate as age of infertile patient, ovarian reserve and previous management whether surgery or ART. In this review, both aspects were discussed to clear some aspects
of this debate. The objective of this review is to highlight this debate and mention the aspects
which help gynecologists and reproductive surgeons to choose the best for infertile patients.
KEY WORDS: Endoscopic reproductive surgeries; Assisted reproductive technologies; In Vitro

fertilisation/Intracytoplasmic sperm injection (IVF/ICSI).

ABBREVIATIONS: ART: Assisted Reproductive Technologies; IVF: In Vitro Fertilisation; ICSI:
Intracytoplasmic sperm injection; LOD: Laparoscopic Ovarian Drilling; CPR: Cumulative
Pregnancy Rates; PCOS: Polycystic Ovary Syndrome.
INTRODUCTION

The role of endoscopic surgeries prior to assisted reproductive technologies (ART) is a matter
of debate where some studies stress on its importance, other studies confirm its importance only
in selected cases, and other studies minimize its role before in vitro fertilisation/intracytoplasmic sperm injection (IVF/ICSI) procedures.1,2
Now-a-days IVF/ICSI procedures are widely spread worldwide and are replacing reproductive surgical procedures limiting its role as first-line treatment. This change in clinical
practice may be due to the higher cost-effectiveness of IVF/ICSI compared to reproductive
surgery or may be preferred due to other factors such as a lack of surgical expertise, patient’s
desires to achieve rapid results or the fear of procedure-related complications.3
ENDOSCOPIC TUBAL SURGERY
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Tubal surgery is the first-line management option for young women less than 35-years-old with
minor tubal pathology. The second option should be IVF if there are other factors affecting
fertility, if the patient is >38-years-old, if patient had moderate to severe tubal disease, and if
one year or more had passed post-surgery for tubal pathology.4
Salpingectomy and ART

Hydrosalpix is a common tubal pathology that affects IVF/ICSI results by many mechanisms.
Surgical treatment should be considered for all women with hydrosalpinges prior to IVF/ICSI
procedures. Previous evidence supported only unilateral salpingectomy for a unilateral hydroPage 20
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salpinx (bilateral salpingectomy for bilateral hydrosalpinges).
Now evidence supports laparoscopic tubal occlusion as an alternative to laparoscopic salpingectomy in improving IVF pregnancy rates in women with hydrosalpinges.5
Further studies are required to assess the value of aspiration of hydrosalpinges prior to or during IVF/ICSI procedures
and also the value of tubal plastic surgery as an alternative (or as
a preliminary) to IVF.5
Other studies were not advocating salpingectomy prior
IVF/ICSI due to its deleterious effects on ovarian reserve. Available data suggested an absence of variation in ovarian reserve
markers after unilateral salpingectomy while contradictory results were reported for bilateral surgery. Evidence supports unilateral salpingectomy and considers it a safe procedure, without negative effects on ovarian reserve and ovarian response to
gonadotropins stimulation; moreover, it has a positive effect on
pregnancy rate. Benefits of bilateral salpingectomy before IVF/
ICSI and its safety on ovarian reserve, needed to be confirmed
by further trials as the available studies regarding this issue are
conflicting.6
Tubal Cannulation and ART

Tubal block is another tubal pathology where some studies advocate laparoscopic salpingectomy prior IVF/ICSI procedures
as it has a significant improvement in ongoing pregnancy/livebirth rate without significant reduction in ovarian response to
gonadotropin stimulation.7
Honoré et al8 in a meta-analysis examined the value
of tubal microsurgery and macrosurgery, and hysteroscopic
management of proximal tubal occlusion. They found that
the average pregnancy rate was higher in women managed
by hysteroscopic tubal recanalization compared with those
managed with tubal microsurgery and open surgery or selective
salpingography (48.9% vs. 38% vs. 28.8%, respectively).
A more recent review evaluated success and pregnancy
rates of tubal recanalization with hysteroscopy where the success rates ranged from 57% to 88% with partially occluded tubes
or with complete occlusion in the cornual, proximal, and intramural/interstitial portions of the fallopian tube. One study that
was reviewed reported a success rate of 13.3% for distal tubal
occlusion after hysteroscopic tubal cannulation.9
Tubal Sterilization Reversal and ART

Laparoscopic tubal reversal is a difficult operation, time consuming and success rates are comparable to IVF/ICSI procedures
allowing many gynecologists to choose ART over laparoscopic
reversal of tubal sterilization.10,11
Considering number of desired children, cost/benefit
ratioand age of patient may change the choice between the 2
treatment options for laparoscopic tubal reversal over ART esGynecol Obstet Res Open J
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pecially if patient is young and wishing more children. If only
one more child is desired and the woman is older than 35 years
of age, perhaps IVF is the best choice.10,11
Beyond age 40, the success with either tubal reversal or
IVF is extremely low less than 1-3% in most reports. In this situation cost/benefit ratio should be considered and tubal reversal
becomes the more cost-effective option.12
In a Belgian retrospective study published in 2007, the
difference in pregnancy rates between IVF and tubal reversal
were statistically insignificant until they were examined by age
of the woman. It became clear that cumulative pregnancy rates
for women under 37 were significantly better for tubal reversal;
for women over age 37 the rates were better for IVF. However,
for all age groups in all published reports the success-per-cycle
rates in IVF are better than those for tubal reversal.13
The decision between IVF and tubal reversal is highly
complex and profoundly affected by the factors of age, cost and
time as well as the presence of other potential infertility problems. Each couple facing this decision must be assessed and
counseled individually to ensure selection of the treatment option best suited to them.10-13
ENDOSCOPIC UTERINE SURGERY

Although, a great progress in ART occurs every day, there are
still unknown factors limiting successful implantation and decreasing percentage of both clinical and ongoing pregnancy
rates. These facts suggest an underestimated role for the uterus
in the success rates of ART.14
Some studies advocated and recommended the use
of office hysteroscopy as a routine procedure in the infertility
work-up.15-19 It has become easy to perform in an outpatient setting without anesthesia. Moreover, it offers direct visualization
and enables clinicians to diagnose and treat intrauterine pathology during the same session.20,21
One study found a significant concordance between
3D transvaginal ultrasound and hysteroscopy (RR 0·77, 95%
CI 0·6-0·84). The authors advocated 3D ultrasound imaging of
uterine cavity prior to IVF/ICSI even in women recurrent implantation failure and considered 3D a sufficient tool for evaluation of the endometrial cavity before IVF. That study stated that
any problems missed by conventional transvaginal ultrasound
are not relevant to the outcomes of IVF.22
Recent studies, address the importance of the morphological evaluation of the uterus through assessment of the effect
of office hysteroscopy on IVF outcomes in women undergoing
IVF for the first time and in women with recurrent implantation
failure.23-25
The results of these studies suggest that there is no reason to perform hysteroscopy before IVF, irrespective of whether
Page 21
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the woman is about to undergo the first cycle of IVF or if she has
undergone several failed IVF attempts, as long as conventional
transvaginal ultrasound shows no uterine pathology. These studies did not find an answer on the significance of hysterescopic
correction of the common intrauterine lesions as polyps, submucous myomata or partial septae prior to IVF/ICSI and their
relation to pregnancy rates.23-25
ENDOMETRIAL TRAUMA PRIOR INTRACYTOPLASMIC
IN VITRO FERTILISATION/SPERM INJECTION (IVF/ICSI)

From practical point of view, many gynecologists and reproductive medicine specialists trust in diagnostic plus traumatic effects of hysteroscopy prior IVF/ICSI cycles. On the other hand
evidence proved that hysteroscopy does not seem to improve
implantation through a hypothetical pro-inflammatory effect.25
Hystereoscopy after Repeated IVF Failures

Hysteroscopy increases pregnancy rates even in the absence of
intrauterine pathology in women with recurrent IVF failure. This
could be explained by the cervical dilatation and/or direct hysteroscopic visualisation of the uterine cavity facilitating embryo
transfer or alternatively by an immunological mechanism triggered by the hysteroscopic manipulation or by the effect of the
distension medium on the endometrium.26
Uterine Fibroids and ART

Submucosal fibroids negatively affect fertility, especially fibroids larger than 4 cm, even without cavity distortion. Fibroids
impair fertility by many mechanisms involving alteration of local anatomical location, inducing functional changes of the myometrium and endometrium, and finally endocrine and paracrine
molecular mechanisms which could alone or in combination
cause reduced reproductive potential, impaired gamete transport, diminished implantation, and creation of a hostile environment.27
Hysteroscopic excision of submucosal myomas seems
to restore fertility with pregnancy rates after surgery similar
to normal controls. Even open excision of intramural myomas
seems to be associated with higher pregnancy rates when compared to non-operated controls, although evidence is still nοt
sufficient. The results of endoscopic and open myomectomy
are similar; thus, endoscopic treatment is the recommended approach due to its advantages in patient’s post-operative course.28
Casini et al29 analyzed whether the removal of fibroids
before conception improves pregnancy rates and outcomes
compared with no surgery. In that study 92 patients underwent
myomectomy, via either hysteroscopy or laparotomy, and 89
patients did not undergo surgery. All patients were followed-up
for 12 months to determine the rate of clinical pregnancy. Higher
pregnancy rates were observed in the patients who underwent
myomectomy with submucous fibroids (43.35% vs. 27.2% in
the non-surgical group) or submucous and intramural fibroids
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(36.4% vs. 15% in the non-surgical group) (p<0.05). There
was no statistically significant increase in pregnancy rate in
the patients with only intramural or intramural and subserosal
fibroids (p>0.05).
Pritts et al30 in a meta-analysis of 23 studies evaluating women with fibroids and infertility. The authors found that
a large difference between infertile women with submucous
fibroids and those without submucous fibroids as regard pregnancy rate, implantation, and ongoing pregnancy/live birth rates,
as well as the spontaneous abortion rate. They found also that
women who underwent a hysteroscopic myomectomy had greater clinical pregnancy rate compared with those with fibroids left
in situ.30
Cochrane database found that in a subset of women
with a submucous fibroid (n=94), there was a statistically insignificant increased odds of clinical pregnancy (odds ratio, 2.4;
95% confidence interval, 0.97-6.2; p=0.06).31 Shokeir et al32
found similar results in their randomized controlled study.
Uterine Septum Surgery and ART

The debate for infertile women with uterine disease, such as myoma and adenomyosis, is whether infertility treatment including
ART should be the first choice considering the aging of eggs, or
whether surgery for uterine disease (as the cause of infertility)
should precede ART.33
Abnormal uterine anatomy and function are major factors affecting success of fertility treatments. Uterine pathologies,
including congenital or acquired lesions, have been reported in
21-47% of patients undergoing in vitro fertilization cycles. In
another study these abnormalities were found to be lower than
reported representing only 11%.34,35
Some studies answered the question that hysteroscopy
could enhance fertility in cavitary uterine lesions or not where
they found that hysteroscopic surgery enhanced fertility in most
of the congenital and acquired problems affecting women and
concluded that both diagnostic and operative hysteroscopy are
rapid and safe procedures to improve fertility.34,36
Uterine septum is not only associated with infertility
but also is associated with increase rates of pregnancy loss as
high as 90%. The American Fertility Association (AFA), now
known as the American Society of Reproductive Medicine
(ASRM), explained these septum related pregnancy wastages by
structural alterations in the endometrium of the septum, which
affects implantation.37
Mollo et al38 studied 2 groups with unexplained fertility, a group of women with septate uteri who underwent hysteroscopic metroplasty and a control group without septate uteri. The
2 groups were similar in terms of age, duration of infertility, and
body mass index (BMI). The pregnancy rate and live birth rate
were significantly higher in the hysteroscopic metroplasty group
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compared with the control group (38.6% vs. 20.4%; p=0.016 and
34.1% vs. 18.9%; p<0.05, respectively).
Pabuçcu and Gomel39 evaluated women aged 21-35
years with unexplained primary fertility and septate uteri who
underwent hysteroscopic metroplasty. Five women (8.2%) underwent repeat surgery for a residual septum >1 cm. The outcome of that study was a 41% pregnancy rate, with a 29.5% live
birth rate. In 13 of the 18 pregnancies that carried to term, 2 patients had a total septum and 11 had a subtotal septum resected.
Although, hysteroscopic metroplasty appears to improve fertility, the role of surgical correction in patients with
primary infertility remains under debate. An older prospective
study identified a reduction in pregnancy wastage from 87.544.4% and recommended hysteroscopic metroplasty as the treatment of choice in patients experiencing recurrent abortions.39,40
Looking further at septum length, Shokeir et al41 studied
women with septum length of ≥2.5 cm and compared them with
women with a septum length of <2.5 cm. All of the 42 women
(47.7%) who achieved pregnancy were age <40 years with
<3 years of infertility; 8% of these pregnancies were spontaneous.
The pregnancy rate was 66.7% in those with a septum length of
≥2.5 cm and 42.8% in those with a septum length of <2.5 cm.
The overall live birth rate was 40.1%.41
Grimbizis et al42 reviewed 6 studies published before
2001 that reported a live birth rate of 6.1% in women with intact
septums compared with 82% in those women who underwent
hysteroscopic metroplasty. Nouri et al43 performed a more recent literature search that revealed live birth rates ranging from
26% to 73%, with a cumulative rate of 45%, after hysteroscopic
metroplasty. Both of these reviews evaluated studies in women
with a septate uterus, and both unexplained primary infertility
and recurrent abortions.
More recently Abuzeid et al44, conducted a historical
cohort study, to determine reproductive outcome after (IVF/
ICSI) in women with primary infertility following hysteroscopic septoplasty of incomplete uterine septum or arcuate uterine
anomaly. They found that there was no significant difference
between the hysteroscopic septoplasty and control groups in the
clinical pregnancy (74.4% vs. 67.3%) or in the delivery (65.4%
vs. 60.2%) rates per patient, respectively. They concluded that
reproductive outcome of in vitro fertilization pre-embryo transfer (IVF-ET) after hysteroscopic correction of incomplete uterine septum/arcuate uterine anomaly in women with primary infertility is no different from women with normal uterine cavity.
Uterine Polyp Excision and ART

Uterine polyps can cause infertility by many mechanisms which
include irregular endometrial bleeding, inflammatory endometrial response, obstructive inhibition of sperm transport, physical obstruction of exposure of the embryo to the endometrium,
interference with normal patterns of endocrine function, and inGynecol Obstet Res Open J
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hibition of sperm binding to the zona pellucida.45
In 2005, Pérez-Medina et al46 evaluated 204 women
with infertility for 2 years or more. The study group (n=101) underwent hysteroscopic polypectomy, whereas the control group
(n=103) underwent hysteroscopic polyp biopsy only. After either procedure, participants were to receive up to 4 intrauterine
insemination cycles. They concluded that, there were no significant differences between groups in polyp size and pregnancy
conception rates (p=0.32).46
Stamatellos et al47 in a retrospective study evaluated the
impact of the size and number of uterine polyps on fertility in
women with primary or secondary infertility for more than one
year. The participants were divided into 2 groups, those with a
polyp ≤1 cm and those with a polyp >1 cm or multiple polyps.
The pregnancy rate was 61.4% for the entire study population
undergoing hysteroscopic polypectomy, irrespective of whether
the patient had primary or secondary infertility. The findings of
that study correlated with those of Pérez-Medina et al46, with
polyp size and number of polyps having no significant association with pregnancy rate.
Another retrospective study conducted by Yahaihara
et al48 on 230 women to determine the significance of the location of endometrial polyps. The locations were defined as anterior wall, posterior wall, lateral wall, utero-tubal junction, and
multiple polyps. Similar to previously reported findings, polyp
size in any area of the uterus did not significantly impact pregnancy rate; however, the highest pregnancy rate, 50-60%, was
achieved in those who had polyps removed from the utero-tubal
junction. Similar results were obtained by Ghaffari et al49 who
reported no significant difference in pregnancy rates by polyp
location.
Asherman’s Syndrome and ART

Intrauterine adhesions are not life threatening, and may be asymptomatic in many patients. The main symptoms of Asherman’s syndrome include pain, infertility, and abnormal menstrual patterns especially amenorrhea and scanty menstruation.50
Hysteroscopy has been the method of choice in the investigation and treatment of the condition. Management of moderate to severe disease may be a challenge, and repeated surgery
may be necessary in some cases and may not always produce the
desired outcome.51,52
A prospective study evaluated 24 women with infertility (12 of whom had previously delivered) and 12 women with
a history of recurrent abortions. Of these 24 women, 48% conceived after hysteroscopic adhesiolysis. Among the 12 women
with recurrent abortions, pregnancy wastage was reduced from
86.5-42.8% post-operatively.53
Another study, conducted by Tsui et al54 conducted a
study on 4 cases of severe asherman’s syndrome where hysterescopic adhesiolysis was done for all cases. They found that all
Page 23

GYNECOLOGY AND OBSTETRICS RESEARCH
Open Journal
ISSN 2377-1542

the women (100%, 4/4) conceived successfully (three undergoing IVF & ET, and one had a spontaneous pregnancy). They
concluded that hysteroscopic adhesiolysis has promising reproductive outcomes for infertile women with severe Asherman
syndrome.
A more recent study enrolled 357 patients with mild,
moderate, and severe Asherman’s syndrome who underwent
hysteroscopic adhesiolysis between January 2012 and December 2015. They found that the reproductive outcomes of
332 women (93%) were followed for an average duration of
27±9 months, and the overall conception rate after hysteroscopic adhesiolysis was 48.2%, which decreased with increased
intrauterine adhesions (IUA) severity (mild, 60.7%; moderate,
53.4%; severe, 25%). The mean time to conception following
hysteroscopic adhesiolysis was 9.7±3.7 months. The miscarriage rate was 9.4%, and the live birth rate was no lower than
85.6%. Eleven patients (7.9%) had postpartum hemorrhage, including 6 (4.3%) due to adherent placenta and 3 (2.1%) due to
placenta accreta.55
ENDOSCOPIC OVARIAN SURGERY AND ART
Benign Ovarian Cysts and Endometriomas

The debate here remain unsolved as many gynecologic surgeons
believe in the role of laparoscopic cystectomy for treatment of
benign ovarian cysts, other reproductive medicine specialists
antagonize this treatment option as it may influence women’s
fertility. There are no randomized trials comparing laparoscopic
excision to expectant management before IVF–ICSI cycles. The
idea that surgery increases IVF pregnancy rates is not supported
by the available evidence.56
A review study was conducted by Legendre et al57 to
explore the potential relationship between ovarian cysts, their
treatment, and infertility. They concluded that surgery does not
seem to improve pregnancy rates. The best surgical approach is
the laparoscopic approach. The surgical options studied were excision, sclerotherapy and plasma vaporization which were found
to be promising, offering a greater preservation of the ovarian
parenchyma, especially in endometriomas.
Kostrzewa et al58 conducted a study to compare women’s fertility after laparoscopic cystectomy of endometrioma
versus other benign ovarian tumors. They found that there is
a low pregnancy rate after laparoscopic cystectomy of benign
ovarian tumors. Moreover, pregnancy rate after cystectomy of
endometrioma is significantly lower and the percentage of reccurence of endometrioma is significantly higher. They concluded that the decision about surgical treatment among childbearing
women must be well-considered because of the risk of subsequent surgery in the future.
Shervin et al59 conducted a similar study to evaluate
the result of laparoscopic endometrioma excision in fertility
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outcome of advanced endometriosis patients. They found that
cumulative pregnancy rates (CPR) did not show any statistical
significance between cases (35.6%) and controls (39.5%) (p value=0.959). The regression analysis of covariates showed there
is no significant relationship between cystectomy and fertility
outcome. They concluded that fine excision and stripping of the
endometrioma along with radical resection of deep lesions improves fertility without any significant adverse effect in comparison with patients with intact ovaries.
Studies recruiting women with unilateral endometrioma and comparing ovarian responsiveness in the affected and
contralateral intact ovary indicate that excision of endometriomas is associated with a quantitative damage to ovarian reserve.
Other issues linked to laparoscopic surgery for endometriomas
include costs and hazard of surgical complications. All above
mentioned risks support expectant management. On the other
hand, oocyte retrieval associated risks, the possibility of missing
occult malignancy and endometriosis progression due to ovarian
stimulation remain unsolved obstacles in front of conservative
management advisors. The alternative options for endometriomas away from surgery and conservation include medical treatment and ultrasound-guided aspiration. Whereas prolonged gonadotropin-releasing hormone (GnRH) agonist down-regulation
may be beneficial, data on ultrasound aspiration are more controversial.60-63
In fact, this surgery can actually reduce IVF pregnancy
rates, because every time endometriotic tissue is removed from
ovaries, normal ovarian tissues are also sacrificed at the same
time. This reduces ovarian reserve, and can end up in growing
few oocytes and getting only a few embryos to transfer.64,65
Ovarian Drilling Prior ART

Recently, laparoscopic ovarian drilling (LOD) has been used
widely by gynecologists as an alternative surgical method for
ovulation induction using gonadotropins for polycystic ovary
syndrome (PCOS) patients unresponsive to clomiphene, but
there is a lack of consensus on effectiveness of this method.66,67
Dale et al68 conducted a study on the effectiveness of
LOD on insulin resistance and pregnancy rate in patients with
PCO. They followed patient for 12-18 months where they found
that following ovarian drilling the non-insulin-resistant women
more frequently achieved a regular menstrual cycle and ovulation than the insulin-resistant PCOS women. Consequently
18 (50%) of the non-insulin-resistant PCOS women achieved
a pregnancy versus only five (18%) of women in the insulinresistant PCOS group. Following treatment with both ovarian
drilling and IVF, 27 cases (75%) of the non-insulin resistant
PCOS women achieved a successful pregnancy, while 13 (46%)
of the insulin-resistant PCOS group achieved pregnancy. They
concluded that further studies are needed to evaluate the effectivness of LOD in PCO patients resistant to ovulation induction.
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Eftekhar et al69 conducted a retrospective study to
evaluate the IVF/ICSI outcomes in clomiphene-resistant women
with PCOS who were treated with LOD. They found that ovarian cauterization before IVF/ICSI in patients with PCOS reduced
the risk of OHSS (p=0.025). Despite the same pregnancy rate
in both groups (p=0.604), more obtained oocytes and embryos
were seen on women without ovarian drilling than women with
LOD (p˂0.001 and p=0.033, respectively).
Another retrospective study was conducted by Cai et
al70 to determine if history of undergoing LOD affects cumulative
ongoing pregnancy rates following IVF in patients with PCOS.
The study included 110 patients in the LOD group, 127 patients
in the no-LOD group, and 990 patients in the age-matched group.
A lower number of retrieved oocytes, fewer available embryos,
and a lower number of cryopreserved embryos were observed
in among patients in the LOD-group compared with the other
groups (p≤0.001). They concluded that LOD could compromise
cumulative ongoing pregnancy rates during subsequent IVF.
Bosteels et al26 conducted a review study on the role of
reproductive surgery prior to ART. They found that LOD results
at least in equal pregnancy rates as gonadotropin treatment (RR
1.0, 95% CI 0.83-1.2) but decreases the multiple pregnancy rate
(RR 0.16, 95% CI 0.04-0.58).
Laparoscopic Ovarian Transposition Prior ART

Women who have received systemic therapy for malignancy
should be considered to be low-responders and counseled that
their per-cycle live birth rate is lower than that of their peers.
These data strongly support offering fertility preservation before
cancer therapy when possible. A final option for fertility preservation is unique to women undergoing radiation to the pelvis.
Ovarian transposition is a surgical technique where the ovaries
are moved to distance them from the radiation field. Correct
ovarian placement can reduce radiation exposure to the ovaries
down to 5-10% of non-transposed ovaries.71,72
Laparoscopic ovarian transposition to the lateral abdominal wall is a procedure that involves ligation of the uteroovarian ligament and fallopian tube, mobilization of the vascular
pedicle, and fixation of the ovary lateral to the psoas muscle.
As tubal transection prohibits natural conception from the transposed ovary, facilitating oocyte retrieval from the transposed
ovary by abdominal oocyte retrieval. In all ovarian transposition cases, marking the boundaries of the ovary with surgical
clips will help to identify the ovaries during radiotherapy mapping.73,74
An alternative site for ovarian transposition is medial
with ligation to the uterosacral ligament. This location is ideal in
the case of abdominal external radiation as the uterus can shield
and protect the transposed ovary. Ovarian transpositionmay be
done in round ligament if abdominal external radiation is designed.75,76
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Ovarian Tissue Transplantation

Ovarian cryopreservation is one of fertility preservation methods in women who wish to conceive, the current and proven
method is to graft the frozen-thawed ovarian tissue into the ovarian fossa or into the remaining and irradiated ovary. Harvesting
ovarian tissue could be done laparoscopically.77
The implanted ovarian tissue becomes functional 3-4
months after transplantation and may last up to 3 years, depending on the amount of ovarian tissue transplanted. Accordingly,
ovarian transplantation should be carried out only when the patient is ready to conceive.78,79
Endoscopic Peritoneal Surgery (Laparoscopic Adhesiolysis)

Laparoscopic adhesiolysis is necessary to improve the outcome
of the IVF cycle as ovaries may be adherent due to adhesions
resulting from conditions such as endometrioisis, pelvic infections and previous surgeries. In these situations, a laparoscopic
adhesiolysis can help in the breakdown of these adhesions and
free the ovaries.80
Laparoscopy and IVF/ICSI are Complementary Since a Long
Time

The first IVF child ensued following laparoscopic ovum retreival. In modern practice, laparoscopic egg retrieval is still required
whenever inaccessible ovaries are encountered.81
Laparoscopic GIFT: A blastocyst intra-fallopian transfer was
associated with an intrauterine pregnancy; however, when the
indication for blastocyst tubal transfer of an obstructed cervix
is associated with a foreshortened cervix requiring cervical cerclage, there can be major health risks for infant and mother.82
CONCLUSION

Endoscopic reproductive surgeries should replace open surgeries and should be the first choice in women with lesions in the
tubes, uterus, ovary or peritoneum affecting fertility. With expert hands, endoscopic reproductive surgeries remain superior to
ART being less costly and with minimal complications.
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ABSTRACT

Bisphenol-A (BPA) is widely used in the plastic industry, and it is one of the well-studied endocrine disrupting chemicals (EDCs). Growing evidence raised the concern of BPA having weak
estrogenic activity on human health including female reproductive functions and diseases. Serum BPA level is also associated with pregnancy loss, reproductive tract diseases and infertility.
In fact, several countries restricted the use of BPA, and therefore substitutes which share similar
chemical and physical properties with BPA were used. However, the effects of these bisphenols
(e.g. bisphenol-F (BPF) and bisphenol-S (BPS)) on human reproductive health have not been
fully investigated, and this mini-review summarized the recent data of these bisphenols on
human reproductive health, and raise the concern on the safety and transgenerational effect of
these bisphenols in humans.
KEY WORDS: Bisphenol-A; Bisphenol-F; Bisphenol-S; Pregnancy; Reproduction.
ABBREVIATIONS: BPA: Bisphenol-A; EDCs: Endocrine Disrupting Chemicals; PCOS: Poly-

Cystic Ovary Syndrome; RSA: Recurrent Spontaneous Abortion; AFC: Antral Follicle Count;
ERα: Estrogen receptor α; ERβ: Estrogen Receptor β.

INTRODUCTION

Endocrine disrupting chemicals (EDCs) are various chemicals mimicking hormones present
in the body, and they bind and act through hormone receptors to modulate the functions of endocrine systems. In human, the target of EDCs in endocrine system include thyroid, pituitary,
adrenal, mammary glands, ovaries, uterus in female, and prostate and testes in male.1 EDCs
with different hormone-like activities have diverse effect on endocrine systems,2-4 which could
be classified into persistent and non-persistent groups depending on their biodegradation and
bioaccumulation properties (Table 1).
In various EDCs, bisphenol-A (BPA) is one of the well-studied chemical that might
affect human health. Bisphenol compounds are a group of chemicals with two hydroxyphenyl
groups, and most of which contains diphenylmethane structure. The naming of each bisphenol
chemical is based on the reactant linking two hydroxyphenyls. For example, bisphenol-A has
acetone as a bridge linking two phenols. As a result, bisphenol compounds share very simiCopyright
©2017 Fan H. This is an open access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Figure 1: Chemical Structures of Bisphenol Compounds.
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Table 1: Main EDCs and their Effects in Endocrine Systems.
EDCs

Major hormonal effect

Endocrine effect

Polychlorobiphenyls (PCBs)

Thyroid

Alter ovarian steroidogenesis, oocyte development, reduce semen quality, learning disability,
thyroid cancer, hypertension, diabetes

dichlorodiphenyltrichloroethane
(DDT)

Estrogen

Reduced fertility, spontaneous abortion, type 2
diabetes, breast cancer, reduced bone mineral
density

Dioxins

Anti-androgen

Alter steroid hormone metabolism, reduce
semen quality, auto-immune disease, diabetes,
breast/liver/ lung cancer, cancer mortality

Bisphenol A (BPA)

Estrogen

Alter steroidogenesis, reduced female and male
fertility, reduced birth weight, asthma, increased
children anxiety/depression, type 2 diabetes,
breast/prostate cancer, obesity, hypertension

Phthalates

Estrogen

Reduced sperm quality and female fertility,
endometriosis, preterm birth, pubertal delay,
autoimmune disease, children abnormal
behaviors

Isoflavones

Estrogen

Alter steroid hormone metabolism, autoimmune
disease, increase bone mineral density, reduce
prostate/breast cancer, anti-diabetes effect

Persistent organic pollutants

Non-persistent organic pollutants

lar chemical structure, and the difference is the reactant in the
middle (Figure 1).
Among these bisphenols, BPA is the most commonly
used chemical nowadays. BPA is heat resistant and has good
elasticity. It has been widely used as plastic monomer in the
manufacture of polycarbonate plastics and epoxy resins since
1950. Over 6 billion pounds of BPA are produced every year
for manufacturing of plastic products, such as plastic bags, paper bags, bottles, microwave box, dental sealants, coated tins,
paintings. BPA was firstly found to have the estrogenic effect
in 1936.5 Humans are exposed to BPA through dietary intake,
dermal contact, and inhalation.6 Since 1999, BPA were detected
in human blood, urine, serum and placental tissue.7 In last two
decades, serval lines of evidence suggest adverse effect of BPA
on human health including obesity, diabetes, abnormal behavior,
and female and male reproductive functions.2,8,9
BPA Levels During Pregnancy

BPA could be detected in the serum of non-pregnant women, and
pregnant women at early and late gestational stage, as well as in
the fetal cord serum and amniotic fluid (1-2 ng/mL). For amniotic fluid at 15-18 weeks gestation, there was a 5-fold increase in
BPA level (8.3 ng/mL).10 After delivery, the placental BPA level
was higher (11.2 ng/g tissue) when compared to the maternal serum and umbilical cord blood collected from the same subjects,11
suggesting that BPA could be accumulated at the maternal-fetal
interface that might affect fetal development during the whole
gestational period.
The association of BPA and pregnancy-associated
diseases was reported in several studies. Serum BPA level was
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much higher in patients with polycystic ovary syndrome (PCOS)
than normal female.12 Higher BPA level in follicular fluid (440
pg/ml) was also observed in PCOS patients compared with nonPCOS patients (338 pg/mL).13 Similarly, patients with history
of unexplained recurrent spontaneous abortion (RSA) have a
significantly higher serum BPA level than normal women.14,15
In women undergoing in vitro fertilization (IVF), BPA could
be detected in most of the cases, and the higher urinary BPA
concentrations were found in patients with lower antral follicle
count (AFC) and number of oocytes retrieved.16,17 A positive association was also found between BPA urinary concentrations
and implantation failure.18 However, it was also reported that
IVF outcomes and endometrial wall thickness were not associated with urinary BPA concentrations,19 but the spontaneous
preterm birth rate20 and the risk of low birth weight21 were associated with higher urine BPA levels. In patients with uterine
leiomyoma, their urine and plasma BPA levels were not different
from the control group,22 and endometriosis was not associated
with urinary BPA level in infertile Japanese population.23
Mechanism of BPA in Female Reproduction

As an estrogen-like EDC, the activity of BPA was found to
be 100 to 10,000-fold lower than that of 17β-estradiol (E2).2426
Estrogen receptor α (ERα) and estrogen receptor β (ERβ),
and a transmembrane ER called G protein-coupled receptor 30
(GPR30) are the main targets of BPA when it carries out its effect.27,28 Most of mechanism studies of BPA was performed in
in vitro and in vivo animal models. In human, endometrial adenocarcinoma cell line Ishikawa is response to BPA with many
genes modulated.29 Human primary endometrial cell proliferation was inhibited by BPA,30,31 BPA also induced the expression
of decidualization makers and several hormone related mol-
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ecules in endometrial stromal cells.32-34 BPA induces apoptosis,
necrosis and the tumor necrosis factor-alpha (TNF-α) expressions in the human primary placental cells and the first trimester
human chorionic villous explant.35,36 Cell migration and invasion
of trophoblast cell line HTR-8/SVneo and BeWo was reduced by
BPA.37,38 More detailed mechanism of BPA in animal study was
reviewed elsewhere.9,39,40
Very few evidence support the detrimental effect of
BPA on ovarian function. As mentioned previously, it was found
that follicular fluid has a very low BPA level (1-2 ng/ml).10 BPA
at supra-physiological level altered the progesterone and estradiol synthesis in luteinized granulosa cells and reduced the expression of steroidogenesis enzymes, such as 3 beta-hydroxysteroid dehydrogenase (3 beta-HSD), CYP11A1 and CYP19A1
in vitro.41 Human oocytes cultured in medium containing BPA
(20 ng/mL to 20 μg/mL) exhibited abnormal meiotic maturation,
changed spindle morphology and delayed chromosome alignment.42 In sum, the synthesis of hormones and development of
oocyte in vitro were significantly affected by BPA.
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action as BPA.66,67 BPF and BPS also have genotoxicity and mutagenicity as BPA.44 Although, the evidence of BPF and BPS
on female reproduction is limited, the activity and mechanism
of these two bisphenols is quite similar to BPA, leading to the
adverse effect of bisphenols on female reproductive health could
not be ignored.
CONCLUSION

It is widely recognized that BPA is harmful to human health and
female reproduction. Whether BPA at current low environmental level poses chronic and transgenerational effect remains unknown.68 Several countries have issued regulations to ban on the
usage of BPA in specific products, such as baby bottles. Other
bisphenols with similar structure to BPA are used to replace BPA
in manufacturing process. Although compiling evidence of these
bisphenols on female reproductive functions are lacking, concern about the safety of these bisphenols in public should be
raised.
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ABSTRACT
Introduction: The incidence of placenta accreta is rising as a consequence of increased rate of
cesarean sections and placenta previa which is the strongest risk factor. Intractable postpartum
hemorrhage associated with placenta accrete is a leading direct cause of maternal morbidity
and mortality. Major surgical modalities were described for management of placenta accreta
like hysterectomy, systemic pelvic devascularization, stepwise surgical measures, intervention
radiology methods and massive blood transfusions, all were recommended to be used for successful management and saving the maternal life.
Patients and Methods: Fifty cases of placenta accrete were included in our study. They were
selected from Obstetrics and Gynecology Department at Tanta University Hospital diagnosed
by ultrasound (US) and magnetic resonance imaging (MRI). Pre-operative evaluation, laboratory investigations, and cross matched blood were done. Stepwise uterine sparing technique
included simply: double ligation of uterine artery at two different levels on both sides before
and after placental removal, lower at level of uterine isthmus and higher for utero-ovarian
vessels ligation. Hemostatic quadruple sutures with sewing the placental bed were applied for
control bleeding at the placental site attachment. Finally insertion of triple way Foley’s catheter
through the cervix and inflation to 50 cc saline to compress lower uterine segment and drain
bleeding.
Results: The stepwise uterine sparing procedure achieved a high success rate 96%. From a total
50 cases with placenta accrete, 41 cases (82%) passed their major surgery and recovery period
without any reported complications. There were some common complications between the
same cases. There was 14% (7 cases) complicated with bladder injury, 8% (4 cases) with fever,
also 8% (4 cases) with UTI, 12% (6 cases) wound infection and 10% (5 cases) needed postoperative maternal ICU admission. Neither maternal death, DIC, readmission for any cause nor
relaparotomy was reported for any case.
Conclusion: The stepwise uterine sparing procedure was successful as a conservative form of
surgical management of placenta accrete with preserving the uterus and fertility, saving patient’s life and minimizing major surgical interventions in all patients.
KEY WORDS: Placenta accrete; Uterine sparing technique.
ABBREVIATIONS: MRI: Magnetic Resonance Imaging; UTI: Urinary Tract Infection; DUAL:

Double Uterine Artery Ligation on both sides; RBCs: Red Blood Cells.
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INTRODUCTION

Placenta accrete is a life-threatening obstetric condition which requires multidisciplinary team
for management. It is an abnormal firm attachment of placenta into the uterine wall. It is a high
risk pregnancy condition, in which blood vessels and other parts of the placenta grow too deep
into the uterine wall. It occurs when a defect in the decidua basils allows chorionic villi to invade the myometrium and the normal decidua fails to develop. It is associated with the highly
invasive and penetrating power of the developing trophoblast.1
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Placenta accreta may lead to massive obstetric hemorrhage with attempt to remove the placenta leading to several
complications such as disseminated intravascular coagulopathy,
cesarean hysterectomy, multiple surgical injuries to the ureters,
bladder, and other viscera, adult respiratory distress syndrome,
renal failure, hypovolemic shock, circulatory collapse and need
for post-operative intensive care unit (ICU) or death. The average amount of blood loss at delivery in a case of placenta accreta
is 3,000-5,000 ml.2
Diagnosis of placenta accreta can be done by different
modalities such as Ultrasound Grey scale, color Doppler (CD)
and Magnetic Resonance Imaging (MRI). Ultrasonography is
usually employed as the primary modality for antenatal diagnosis of invasive placentation. MRI is reported to be complementary to the ultrasound, as it may help in diagnosing of invasive
placentation, especially in those cases in which ultrasound (US)
is not conclusive as posterior placenta previa.3
Prenatal diagnosis of invasive placentation is associated with a reduced risk of maternal complications by enabling
the surgeon to plan for the type of resources needed at the time
of delivery as management is a team work. These resources include two seniors obstetrician staff, anesthesia team, neonatologists, available blood products, possible intervention radiology
for uterine artery embolization or internal iliac artery occlusion,
urologists if surgery associated with bladder or ureteric injury,
vascular surgery for internal iliac artery ligation and need for
maternal post-operative ICU admission.4
Till now, it has been found that there is no definite
planned management of placenta accreta as it depends upon
personal expertise and hemodynamics of patient. In the past, it
was generally accepted that placenta accreta was well and ideally treated by total abdominal hysterectomy. Hysterectomy is a
lifesaving measure to manage uncontrolled uterine hemorrhage.5
Recently, obstetricians searched for new different modalities for removal of the placenta with less blood loss and fewer complications with repair of the uterus at the time of the delivery to preserve the female fertility. This study was conducted to
evaluate the stepwise uterine sparing technique as a conservative
management of placenta accrete for preserving the uterus and
fertility of the female with minimizing surgical complications.
PATIENTS AND METHODS
Study Setting and Design

Prospective, single armed clinical trial study conducted at Obstetrics and Gynecology Department of Tanta University, Tanta,
Egypt in the period from April 2016 till September 2016.
Patient Selection

A total of fifty pregnant women with placenta accreta after 32
weeks of gestation diagnosed by Doppler Ultrasonography and
MRI or discovered intra-operatively on surgical table in emerGynecol Obstet Res Open J
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gent cases. False diagnosed placenta accreta or managed cases
with severe destruction of lower uterine segment and non-separable placenta which needed hysterectomy were excluded from
the study.
Elective termination of pregnancy was conducted at
completed 36 weeks of gestation. While in emergent cases, termination mediated regardless of the gestational age. Preparation
of cross matched packed red blood cells (RBCs) and four units
of fresh frozen plasma was a routine practice before the beginning of surgery.
Surgical Technique

• Under general anesthesia all patients were operated. The
following steps were done in all cases by the same surgeon:
• Dissection of the urinary bladder from anterior wall of lower uterine segment as much as possible for good exposure,
with cauterization or ligation of the newly formed uterovesical anastomotic branches.
• High transverse incision of the uterus at upper border of
placenta to avoid trans-placental incision which provoked
severe bleeding then extraction of the baby with ecbolics
administration.
• Double uterine artery ligation on both sides (DUAL). First
ligature was done before separation of the placenta lower at
the level of the uterine isthmus. Second ligature was done
after separation of the placenta higher at the level of uteroovarian anastomosis.
• Removal of placenta. Either the total placenta or piece meal
was removed according to the degree of placental invasion.
• Hemostatic “square” quadruple sutures at lower uterine segment at the bleeding points or even sewing the placental
bed. If there were destructive edges of lower uterine segment, local resection of the invaded part of the uterus with
the placenta and trimming the edges was done to provide
healthy edges for sutures and repair.
• Insertion of triple way Foley catheter size 24 F inflated by
50 cc saline to compress the bleeding points on the lower
uterine segment. It was inserted by assistant or straight artery forceps from the uterine cavity descending to the cervix and caught by another assistant from the vagina. It was
preferred to be done from above to avoid upward ascending
vaginal infection and keep the intra cervical portion aseptic.
This triple way catheter aided additional benefits in irrigation and drainage the uterine cavity from any retained blood.
• Closure of uterine incision wall in continuous double layers,
the first layer was associated with significant reductions of
blood loss, second layer for tightness of the sutures.
• If the procedure associated with bladder injury (from placental invasion to the serosal covering of the bladder as in
the case of placenta percreta), urologists were asked to repair. Also if there was invasion or penetration of the urinary
bladder, partial cystectomy and repair were done.
• Insertion of wide pore pelvic intra-peritoneal drains to drain
any blood or retained fluid also for early and meticulous
follow-up for any complications.
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Methods

mographic data of the patients were presented in Tables 1 and 2.

All demographic data, pre-operative findings, operative data,
complications, and post-operative recording of vital signs,
drains, urinary output, bleeding, fever and number of transfused
blood units if needed also hemoglobin level checked 6 hours
post-operatively.

The surprising finding in this study was that patients
were so younger due to increasing rate of cesarean sections and
encouraging preservation of uterus.

Ethical Approval

This study was approved by local ethical committee of Tanta
University before start of this study. All patients were informed
about procedure, its risks/benefits and all signed a written consent.
Statistical Methods

The results were analyzed by SPSS, version 18, USA. The tests
used were mean, standard deviation, and percentage.
RESULTS

In this study, the enrolled patients (n=50) with placenta accrete
were diagnosed prenatally with Ultrasound and MRI. The de-

Hemoglobin level was significantly dropped after the
procedure which was corrected later by cross-matched blood
transfusion.
This study showed a high success rate of the stepwise
uterine sparing technique in preserving the uterus. The success
rate was 96%, included 48 cases from total 50 ones successfully
preserved the uterus and only 2 cases who required hysterectomy representing 4%. But there were some related complications
in the form of 14% (7 cases) complicated with bladder injury,
8% (4 cases) with post-operative fever, also 8% (4 cases) with
urinary tract infection (UTI), 12% (6 cases) wound infection and
10% (5 cases) needed post-operative maternal ICU admission.
Postpartum hemorrhage was detected in 6% (3 cases) which was
controlled by uterine massage and strong ecbolic. There was no
need for vascular surgery during operation, also no need for reoperation or readmission for any case. No visceral or ureteric
injuries were reported. Complications are illustrated in Figure 1.

Table 1: Demographic Data of the Patients.
Range

Mean±SD

Age

24-39

31.78±3.89

Number of previous CS

0-4

3.12±1.68

Parity

0-6

3.38±1.64

Gestational age at
delivery (weeks)

Preterm

34-35.6

35.3±0.8

Full-term

36-39

37.10±1.40

1-6 years

3.24±1.74

Duration since last CS

Table 2: Operative Findings of This Study.
Range

Mean±SD

Type of morbidly adherent placenta (n, %)
Placenta accreta

30 (60.00%)

Placenta increta

15 (30.00%)

Placenta percreta

5 (10.00%)

Operative time (minutes)
Intraoperative blood transfusion units)
Hospital stay (days)

3.80±1.64

Non complicated

2-3

2.6±0.46

7-11

9.27±2.34

1000-2500

1750±1060.66

2-5

3.24±1.05

Postoperative blood transfusion (units)
Postoperative blood loss (mL)

Gynecol Obstet Res Open J

105.65±27.93

2-5

Complicated cases

Intraoperative blood loss (mL)

Hemoglobin level (gm/dl)

75-140

400-1100

745.65±238.96

Pre-operative

8-11.4

9.62±1.21

Post-operative

6.7-10.6

8.22±1.08
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Figure 1: Procedure Related Complications.

DISCUSSION

amount of intraoperative blood loss was (1750 mL).8

The results of this study were encouraging to use the stepwise
uterine sparing technique in preservation of uterus in morbidly
adherent placenta cases. Previous studied conducted to assess
the outcome of uterine sparing techniques, were found to be different in the techniques used and results obtained. The results of
this study are in agreement with Walker et al in the pre-operative
preparations for management of cases with placenta accreta. The
main difference was that Walker et al used prophylactic occlusion of the anterior division of the internal iliac artery which
is an invasive procedure. Our study achieved a high success
rate with uterine artery ligation alone. Comparing the results of
both studies, operative time (107 minutes) similar to our study
(105 minutes), also the hospital stay was (5 days), our only (311 days) but it had more bladder injury (30%) than our study
(14%).6

Shabana et al reported a modified approach of some
surgical steps similar to our study but the only difference was
that Shabana et al depended on bilateral ligation of the anterior
division of internal iliac artery to control bleeding. The operative
time in Shabana et al study was (70-140 minutes), similar to our
study (75-140 minutes) and number of blood transfusion units
was (2-6 units), similar to our study (2-5 units). The associated
complications were (8.5%) rate of cesarean hysterectomy, comparing to our study which was (4%) only. As regard complications 10 patients (14.1%) had urinary tract complications similar
to our study, nine (90%) were managed during cesarean section
and one case presented later in the form of vesico-uterine fistula.
No evidence of later complications as vesico-uterine fistula or
later repair in our procedure.9

Shahin et al conducted a similar study depending on bilateral uterine artery ligation for control bleeding. Also the idea
of using B-Lynch suturing as compression sutures is similar to
the quadruple local hemostatic ones used to control bleeding.
The differences were that in Shahin et al, two cases needed internal iliac artery ligation, needed post-operative ICU admission
and complicated with disseminated intravascular coagulation
(DIC) and maternal death. Shahin et al was associated with the
need for (2-5 units) units of fresh blood transfused intra-operatively which were less than our study where (1-4) units of blood
transfusion were needed. The total hospital stay in Shahin et al
was (17 days) which was longer than hospital stay in our study
(11 days).7
El Shazly et al used bilateral uterine artery ligation as
primary step with 8-suture compression procedure as a second
step for control bleeding associated with placenta accreta when
uterine artery ligation failed to stop bleeding. The difference was
that the average time of this procedure which was relatively short
(142 seconds). The total intra-operative time of our surgical procedure was (75-140 minutes). The mean estimated amount of
intra-operative blood loss was (2830 mL) during this procedure
and (2375 mL) in women managed with bilateral uterine artery
ligation alone in Elshazly et al study while in our study, the total
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Kelekci et al achieved a successful technique in management of placenta accrete using the same our surgical steps including suturing the placental bed with squarely shaped sutures
for hemostasis, ligation of utero-ovarian anastomosis branches
and finally insertion of a balloon of 3-ways 20 F Foley catheter
which was inflated by 80 cc saline and placed into the intrauterine cavity. The study of Kelekci et al differed mainly in internal
iliac artery ligation for control bleeding and leaving placenta in
situ in some cases. Also there were some different results, such
as the units of blood transfusion (2-7) units while in our study
(2-5) units. The operative time was (110±20) minutes, while in
our study was (75-140) minutes and the mean hospital stay was
(4.2±0.4) days, while in our study was (3-11) days. Comparing
rates of associated complications, one patient had post-operative
wound infection while in our study, 6 cases (12%). The post-operative febrile reactions developed in 2 patients in Kelekci et al
study while in our study 4 cases (8%) developed post-operative
febrile reaction.10
Shehata et al reported a study with 100% success rate.
It completely agreed with our surgical technique. Both depended
on bilateral ligation of uterine artery, higher incision of uterus
and insertion of Foley catheter for compressing lower uterine
segment. There were some different results. The operative time
was (60-100 minutes), while our study (75-140 minutes) and
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blood transfusion (2-4 units) and our study (2-5 units). The complications were presented in 6 cases from the all 15 cases represents (40%), while (82%) of cases in our study passed their surgery without any complications. Two cases (13.3%) had bladder
injury, our study (14%), 2 cases (13.3%) had pyrexia, compared
to our study (8%), 1 case (6.66%) had pyometria and 1 case
(6.66%) of wound disruption. There was readmission for two
cases but no need for ICU admission for any case. While in our
study, 5 cases needed post-operative ICU admission represented
(10%) but there was no need for readmission for any case.11
Palacios-Jaraquemada et al conducted a study with
nearly similar surgical procedure which included removal of destructed part of lower uterine segment invaded by the placenta
and trimming the uterine edges with repair the defect then insertion of a Foley’s balloon catheter, three-way 22 F, in the lower
uterine segment as in our study. The differences were that higher
success rates were observed without the need for uterine artery
ligation rather than in our study which depended mainly on uterine artery ligation. Also repair of the uterine edges in our study
was mediated by healthy uterine tissue with usual sutures without need for using any mesh or other foreign bodies. Comparing
rate of CS hysterectomy, 18 of total 68 cases needed cesarean
hysterectomy while in our study included 2 from total 50 cases.
There were some different surgical complications, 1 case had
pelvic hemorrhage, 2 cases had coagulopathies, 3 cases with
uterine infection, 2 ureteral ligations, 2 iatrogenic foreign bodies
reaction, 3 post-operative collections, rupture of an epigastric
artery in 1 case and vesical fistula in another case. In our study,
these complications never had been reported in any case.12
CONCLUSIONS

Successful management of the potentially catastrophic conditions associated with abnormal placental adhesion requires early
antenatal diagnosis with well preparation of the selected cases.
Early and proper management of cases of placenta accreta can
preserve life of both mother and her fetus with preserving her
uterus well-functioning for further pregnancy. In this study, we
have presented a simple approach as a conservative treatment
for placenta accreta cases. Our surgical procedure was effective
and safe in the conservative management of patients with placenta accreta.
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In this commentary, the authors discuss a new concept for tumor treatment, which is
based on observations from published studies and clinical practice protocols. This new treatment regimen, which we coin “Tumor Conditioning Regimens,” abbreviated as TCRs is based
on the idea that by conditioning tumors with oxygenation, increasing mutation loads or normalizing vessels, we create a permissive environment for tumor growth in the short-term, which
will eventually in the long run benefit tumor regression. In our view, such a strategy of making
things worse before they get better for tumor treatment has not been articulated in the literature
although anecdotal examples exist, which we have highlighted in the commentary. This commentary serves as a discussion starter for the scientific and clinical community as to the pros
and cons of such an approach.
Traditional concepts in cancer treatment, including gynecologic cancers, involve using chemotherapeutic agents to target malignant cell populations, while sparing off-target effects on surrounding normal cells. This approach is based on decades of research focused on
alterations within cells that allow them to become malignant and metastasize.1 Over the last
several years an increased understanding of the role of the tumor microenvironment and the
host immune system in the development of cancer cell resistance to treatment has led to revisiting traditional approaches to treatment.2 Treatment now often involves recruiting the host
(patient) immune system and surrounding microenvironment to support and enhance the anticancer effects of treatment. With this shift in understanding of tumor biology a new concept
has evolved where tumor conditioning regimens (TCR) are used that often improve conditions
for tumor growth, before responses are ultimately observed. TCR is defined as, “regimens that
will influence tumor microenvironment, which may seem advantageous to tumor growth in the
short run but in the long run will enable subsequent secondary treatment strategies to be more
efficacious.” The TCR concept espouses the theory that “making things worse in the shortterm will actually provide benefits in the long-term.” In this commentary, we provide three
treatment examples which are current practices based on ideas of increased tumor perfusion
and increased mutation burden. These practices broadly span the fields of radiation oncology,
vascular biology and immune biology, and apply to gynecological cancer treatments.
The TCR concept, in our opinion, is not entirely new but clearly counterintuitive. For
example, in the field of radiation oncology solid tumors, including cervical cancer, with poor
oxygenation do not respond as well to radiation as tumors with adequate oxygenation.3 Improving oxygenation to a tumor seems counterintuitive, with the concern that this could potentially
allow for tumor growth. In fact, oxygen chemically modifies radiation-induced DNA damage,
making it irreparable, a process known as the oxygen fixation hypothesis.4 Therefore, methods
are employed to improve oxygenation such as surgically decreasing tumor size prior to radiation, and administering concurrent medications that improve oxygenation during radiation.5
Increased oxygenation is a hallmark of angiogenesis, the growth of new blood ves-
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sels from existing vessels. The anti-vascular endothelial growth
factor agent bevacizumab is used in many tumor types including ovarian and cervical cancers. In glioblastomas (GB), a malignant brain tumor known to be highly vascularized, patients
treated with bevacizumab only show modest improvement in
response and no improvement in overall survival.6,7 In general,
the tumor-associated vasculature is disorganized, has poor structural integrity,8 and perfusion is poor. Vessel normalization, a
concept proposed by Rakesh Jain and others, suggests that if
we could convert the tumor vascular bed briefly from a pathological to a physiological angiogenesis state, subsequent therapy
regimens will be effective.9-11 This is an intriguing idea, which
has concerns in that during this window of normalization, tumor
cells will benefit from conditions for improved growth and metastasis. While this is possible, improved perfusion would also
increase ability for treatments to penetrate tumor, and thus combining anti-angiogenics with novel therapeutics has the potential
to provide a solution to this problem. We do caution the reader
that additional pre-clinical research using appropriate model
systems that can mimic perfusion will help gain evidence for the
feasibility of this strategy.
A second example of the TCR concept involves the host
immune system. Molecules on immune cells, or “checkpoints,”
are used to initiate or stop immune responses to foreign cells
or self. T-cells express a checkpoint protein called programmed
cell death protein-1 (PD-1) and when PD-1 binds to the protein programmed death ligand-1 (PD-L1) on normal cells, this
signals the T-cell to not attack the normal cell.12 Some cancer
cells utilize this host defense mechanism to their advantage by
carrying large amounts of PD-L1 protein that keep the immune
system from attacking them.13 Checkpoint inhibitors are used in
many types of cancer and are being actively investigated for use
in ovarian cancer. In melanoma, it has been shown that patients
with a high mutation burden have increased neo-antigen formation and subsequent increase in response to checkpoint inhibitors.14 Similar findings have been observed in GB patients and
patients with metastatic tumors with a high frequency of somatic
mutations.15 Due to these findings, DNA damaging agents, such
as radiation and chemotherapy, along with checkpoint inhibitors
are proposed as one way to overcome resistance to immune therapy.16 The idea of using TCR to create more DNA damage, or
make the tumor “worse” (increase mutation burden for revelation of novel epitopes) to improve responses to immune therapy
is a shift from traditional treatment where the goal is to target
and decrease the population of cells with DNA damage.
Finally, from a clinical standpoint, as immune therapy
has become more common in clinical trials, including gynecologic cancer trials, the criteria for assessing response to therapy
has changed. When patients initiate immune therapy, it is common to see an initial increase in tumor size (pseudo-progression)
before an eventual shrinkage of lesions due to activation and
recruitment of the host immune system in and around the tumor.
When patients are on clinical trials, a common criterion used by
clinicians to determine radiological response to trial therapy is
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the Response Evaluation Criteria in Solid Tumors (RECIST).17
With the initiation of immune therapy in clinical trials, a new
response criteria have been developed, immune-related Response Evaluation Criteria in Solid Tumors (irRECIST)18,19 that
accounts for the initial increase in tumor size. Again, this is an
example where a clinician must accommodate for an initial impression of worsening disease before an eventual improvement,
which can be difficult for both the clinician and the patient.
As new treatments emerge for gynecological cancer,
understanding how to make a tumor respond to therapy will need
to be adjusted to incorporate not just the tumor, but the numerous surrounding host factors involved as well. Some of these
modalities will involve using TCR to create initial improvement
in conditions for tumor growth, which is acceptable in the shortterm if the long-term outcome is regression.
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ABSTRACT
Objective: This study was designed to assess the effects of maternal nifedipine administration
on blood flow resistance in uterine, umbilical and fetal middle cerebral arteries by evaluating
resistance index (RI) and pulsatility index (PI).
Patients and Methods: This was a prospective, observational, analytic cohort study performed
in 50 pregnant women undergoing nifedipine tocolysis, all women with a singleton pregnancy
between 24 and 34 weeks of gestation, each subject acting as her own control. Doppler assessment of uterine, umbilical and fetal middle cerebral (MCA) arteries was performed before and
24 h and 72 h after an initial 20 mg oral dose, which was repeated at 20 min intervals if contractions failed to diminish up to a total maximum dose of 60 mg. The maintenance dose consisted
of 20 mg orally every 6 h. We analyzed whether there was a time effect and compared values
at the different time-points.
Results: The research showed that the UtA-RI has increased significantly after 24 h and after
72 h of nifedipine administration (0 h=0.53; 24 h=0.56; 72 h=0.55; p=0.002, p=0.015 respectively). The MCA-RI had decreased significantly after 24 h (p=0.003) of tocolysis returning
to baseline after 72 h (0 h=0.75; 24 h=0.73; 72 h=0.74; p=0.150). The MCA-PI had decreased
significantly after 24 h (P=0.024) of tocolysis returning to baseline between 24 h and 72 h
(0 h=1.85; 24 h=1.75; 72 h=1.79; p=0.204), with no differences in UtA-PI or in the umbilical
arteries Doppler (RI & PI) or in the MCA to umbilical artery ratio.
Conclusions: Nifedipine tocolysis is associated with a reduction in RI and PI in the MCA,
and an increase in RI in uterine arteries after 24 h but returning to baseline within 72 h, with
no long-term effect on fetomaternal circulation in pregnant women at risk of preterm delivery.
KEY WORDS: Preterm; Nifedipine; Doppler.
ABBREVIATIONS: MCA: Middle Cerebral Artery; PI: Pulsatility Index; RI: Resistance Index;

UtA: Uterine Artery.
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Preterm labor is one of the biggest challenges for obstetricians and so are the preterm babies for
the neonatologists. Preterm delivery is defined as labor beginning before completed 37 weeks
of gestation. The incidence of preterm labor is reported by the WHO to be 5-11%.1 Preterm
delivery is an international health problem and is responsible for approximately two-thirds of
early neonatal morbidity and mortality.2,3
Yet, current evidence shows that it is possible to reduce the complications caused
by prematurity.4,5 Consequently, tocolytic therapy has a well-defined role in the management
of preterm labor, accomplishing the following objectives: permitting transfer of the pregnant
woman to a tertiary care center; prolonging pregnancy for at least 48 h to optimize the ben-
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eficial effect of steroids on fetal lung maturity; and prolonging
pregnancy in an attempt to improve perinatal outcome.6,7

women already using another tocolytic agent and those in false
premature labor were also excluded.

Many pharmacological agents that inhibit uterine contractions are used in clinical practice in an attempt to prevent
preterm delivery such as β2 agonists, calcium channel blockers
(as nifedipine), progesterone, magnesium sulfate, oxytocin antagonists and anti-prostaglandins (as indomethacin). The maternal and fetal side-effect profiles of tocolytic agents are important
considerations in the choice of these agents. According to the
most recent Cochrane database review, the use of calcium channel blockers over other tocolytic agents is likely to increase.8,9

A written consent was taken from all studied women
in this research. Full history was taken from all patients. General examination with special attention to blood pressure. For
all patients, blood pressure was above 80/50 mmHg before the
commencement of treatment.

Nifedipine, a dihydropyridine calcium channel blocker,
has emerged as an effective alternative tocolytic agent for management of preterm labor. Although, nifedipine is an effective
tocolytic agent with low toxicity and teratogenicity but it has
cardiovascular side effects that may affect the mother as well as
the fetus.10,11
Animal studies suggest that use of calcium channel
blockers may result in impaired uterine blood flow, potentially
resulting in fetal hypoxemia and academia.12 This may result
in differential changes in the placental and cerebral blood flow
resistances which may affect the cerebroplacental Doppler ratio
and the overall distribution of cardiac output. However, studies
in human pregnancies did not confirm significant alterations in
uterine blood flow.13,14
PATIENTS AND METHODS

This prospective, observational, analytic cohort study was conducted on 50 pregnant women presented with preterm labor admitted in Department of Obstetrics & Gynecology in University
Hospitals of Tanta, Egypt between December 2015 to June 2016
after approval of the ethical committee.
All women with a singleton pregnancy between 24
and 34 weeks of gestation with intact amniotic membranes and
showing evidence of premature labor. This was defined as painful and persistent uterine contractions (at least two contractions
in 10 min or four in 1 h), resulting in changes in the cervix (at
least 2 cm cervical dilatation and 80% ripening). All patients had
accurate dating with a gestational age based on the last menstrual period that had been validated with a ultrasound (US) examination, during which crown-rimp length was measured between
11 and 14 weeks; if that wasn’t possible, bi-parietal diameter
measurement was used between 14 and 22 weeks.
Pregnant women with concomitant morbidities, such as
heart or lung disease, high blood pressure, diabetes or infectious
disease or an obstetric morbidity (e.g., pre-eclampsia, premature
rupture of membranes, gestational diabetes, intrauterine growth
restriction or acute fetal distress), were excluded from the study.
Patients with maternal hypotension, amnionitis, fever of unknown origin, genital or fetal malformations or uterine fibroids,
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Abdominal examination to measure the fundal level,
palpate the uterine contractions and monitoring of the fetal heart
rate. Pelvic examination: to assess the state of membranes and
exclude their rupture, to exclude vaginal bleeding and assess the
state of the cervix and measure the Bishop score. Sonographic
assessment to estimate the gestational age, amount of liquor and
to exclude placenta previa, placental abruption and major fetal
congenital anomalies.
After Selection of the Cases

All patients received 12 mg intramuscular dexamethasone with
another dose 12 hours later to promote fetal lung maturation.
Administration of tocolytic agent in the form of oral nifedipine
as an initial oral dose of 20 mg, repeated at 20 min intervals if
contractions failed to diminish up to a total maximum dose of 60
mg. The maintenance regimen consisted of 20 mg taken orally
every 6 h.
Doppler velocimetry on uterine, umbilical and fetal
middle cerebral arteries were performed immediately prior to
initial nifedipine administration, after 24 hours and 72 hours
after therapy. Examinations were carried out with the patients
in the semi-Fowler position to avoid orthostatic hypotension.
Scans of the vessels were obtained during fetal inactivity, during
periods of apnea and in the absence of uterine contractions. The
examinations were performed by a specialist, using a Samsung
ultrasound machine, model H60, USS- H60NF4K/WR (Samsung, Korea) with 3.5-MHz and 5-MHz convex probes were
used. The high-pass filter was set at 100 Hz.
The sequence in which the vessels were examined
were uterine arteries followed by the umbilical artery and then
fetal MCA. Doppler flow velocimetry of the uterine arteries
was performed according to the usual technique. After the ultrasound image of the intersection between the uterine artery and
the iliac vessel was obtained, at the ‘crossing’ with the external
iliac artery. The same technique was used for both left and right
sides. For the umbilical artery, velocimetry was carried out at
free-floating loop of the umbilical cord, and for the MCA it was
performed in its peripheral portion. In addition, the cerebroplacental Doppler ratio was calculated.
Finally, all data were entered into and stored in a database. The sonographically measured Doppler indices obtained
were correlated with each other and statistically analyzed.
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RESULTS

Maternal age ranged between 18-40 with the mean 25.70±4.94.
Gravidity ranged between 1-5 with the mean 2.44±1.20. Parity ranged between 0-4 with the mean 1.33±1.15. Gestational age on admission ranged between 25-34 with the mean
30.33±2.54. Fetal weight ranged between 780-2432 with the
mean 1611.56±459.73.

The results of the Doppler measurements are shown in
Table 1 and Figures 1-4. Blood flow resistance in the placental
circulation did not change in the maternal or fetal compartment.
We found that the UtA-RI has increased significantly
after 24 h and 72 h of nifedipine administration. Also, the MCARI and PI had decreased significantly after 24 h of tocolysis returning to baseline after 72 h, with no differences in UtA-PI or in

Table 1: Doppler Indices before and after Nifedipine Tocolysis.
Before
Mean±SD

24 h
Mean±SD

72 h
Mean±SD

p value
Before & 24 h

p value
Before & 72 h

p value
24 h & 72 h

RI Uterine
PI Uterine

0.53±0.05
0.73±0.095

0.56±0.05
0.77±0.092

0.55±0.05
0.75±0.087

0.002*
0.068

0.015*
0.335

0.462
0.385

RI Umbilical
PI Umbilical

0.57±0.05
1.0±0.21

0.56±0.04
1.05±0.19

0.57±0.05
1.02±0.16

0.422
0.579

0.965
0.211

0.397
0.473

RI MCA
PI MCA

0.75±0.03
1.85±0.19

0.73±0.03
1.75±0.21

0.74±0.04
1.79±0.18

0.003*
0.024*

0.150
0.204

0.118
0.313

RI Umbilical/
MCA ratio

0.76± 0.05

0.78±0.05

0.78±0.04

0.268

0.339

0.879

MCA: Middle Cerebral Artery; PI: Pulsatility Index; RI: Resistance Index.

Figure 1: (a) Comparison between Resistive Index of Uterine Artery. (b)Comparison between Pulstility Index
of Uterine Artery.

Figure 2: (a) Comparison between Resistive Index of Umbilical Artery. (b) Comparison between Pulsatility
Index of Umbilical Artery.

Figure 3: (a) Comparison between Resistive Index of MCA Artery. (b) Comparison between Pulstility Index
of MCA Artery.
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Figure 4: Comparison between RI Umbilical/MCA Ratio.

the umbilical arteries Doppler (RI and PI). The cerebroplacental
ratio was equally unaffected.

blood flow in umbilical artery (RI and PI) at the same point of
time.

DISCUSSION

The present study showed no significant difference in
the mean UtA-RI measured after 72 h of using oral nifedipine
compared with measurements at 24 h (p=0.462). This is consistent with the study done by Baykal and Avcıoğlu where they did
not find any significant difference in Doppler ultrasonography
measurements of UtA or between Doppler indices for MCA at 2
h (early phase) and 48 h (late phase) after nifedipine treatment
(p>0.05).17

Several classes of tocolytic agents are used in the management
of threatened preterm delivery. Of these, sympathomimetics and
agents such as magnesium and calcium channel blockers are
among the most widely studied. In the choice of the appropriate
agent, the side effect profile is an important consideration. Nifedipine, as one of the major classes of tocolytic agents by virtue
of its effects on calcium channels, has the potential for cardiovascular side effects. We performed this study to concurrently
evaluate the effects of oral nifedipine loading for tocolysis on
the fetoplacental circulation. Potential effects on placental blood
flow dynamics were evaluated by examination of the maternal
(UtA) and fetal (UA) compartments. Effects on cerebral blood
flow and downstream distribution of cardiac output were evaluated by measurement of the MCA and the cerebroplacental ratio.
Our data showed that nifedipine tocolysis is associated
with an increase in the UtA-RI after 24 h of nifedipine administration, with a reduction in RI and PI in the MCA, returning to
baseline after 72 h, with no differences in UtA-PI or in the umbilical arteries Doppler (RI and PI) or in the MCA to umbilical
artery ratio. Thus, MCA blood flow dynamics and distribution
of cardiac output was unaltered. These data suggest that sequential nifedipine is not associated with any maternal and fetal side
effects. Although more clinicians are currently considering the
use of nifedipine as the first line tocolytic agent, they are often
concerned over the theoretical risk of maternal hypotension and
placental hypoperfusion.
Grzesiak showed that uterine blood flow patterns were
not altered significantly during administration of nifedipine tocolysis.15
Studies on similar subjects presented different observations. In contrast to our findings, Guclu et al detected significant
fall in uterine artery pulsatility index at 24 and 48 h of tocolysis.16 Similar to our findings they showed no changes in the
Gynecol Obstet Res Open J

Our data showed that nifedipine tocolysis produced no
differences in the umbilical arteries Doppler (RI and PI) or in the
MCA to umbilical artery ratio, similar to the findings of Karahanoglu et al who found that RI, the PI and the S/D ratio of UA did
not change after treatment with nifedipine.18 Also, de Heus et al
showed that over the 5-day study period. The use of tocolytics
did not significantly alter the time courses of PI-values for UA
(p=0.37).19
Whereas, Ulubaşoğlu et al found in cohort study of 65
pregnant women undergoing nifedipine tocolysis, that there was
a decrease in the 24 h values of the UA pulsatility index with
nifedipine therapy in comparison with the values recorded prior
to nifedipine therapy. However, these differences were not statistically significant. There were no statistically significant differences between the data recorded prior to nifedipine administration and those obtained at 48 h and 1 week after treatment.20
When comparing the MCA Doppler, it was found that
After 24 h of tocolysis with oral nifedipine compared with prior
to administration of the drug, there was a significant decrease
in the mean RI of the MCA artery (p=0.003). However, there
was no significant difference in the mean RI measured after 72
h of using oral nifedipine compared with measurements at 24
(p=0.118). These results agreed with a study done by Lima et
al to evaluate Doppler velocimetry who showed alteration of
MCA blood flow between 5 and 24 hours from the time of administered medication. Authors suggested that decreased resistance ratio could be related to decrease peak systolic velocity in
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MCA.21 The significant decrease in MCA PI after 24 hours of
tocolysis in our study was previously reported by Guclu et al.
In such short-term observation no changes in maternal and fetal
compartment was observed. We found no statistically significant
differences in the MCA to umbilical artery RI ratio (p=0.485),
similar to that reported by Guclu et al.22
On the other side, While MCA Doppler indices (RI and
PI) were unchanged in the study of Grzesiak et al. The evaluation of MCA PSV revealed a transient significant decrease after
24 h. A resolution of this distraction was observed within the
following 24 h.15
Another study performed by Cornette et al in which 15
healthy normotensive pregnant women with an uncomplicated
singleton pregnancy between 35 and 37 weeks was studied.
Then, one 10 mg capsule of nifedipine was administered twice
with a 20 min interval to assess maternal and fetal hemodynamic effects of nifedipine in normotensive pregnant women. They
found that nifedipine had no influence on the uteroplacental
and fetal circulations.23
Thus oral nifedipine is a safe tocolytic agent with no
long-term effect on fetomaternal circulation in pregnant women
at risk of preterm delivery as fetal and maternal blood flow dynamics and distribution of cardiac output were unaltered.
CONCLUSION

Nifedipine tocolysis is associated with a reduction in RI and PI
in the MCA, and an increase in RI in uterine arteries after 24 h
but returning to baseline within 72 h, with no differences in UAPI or in the umbilical arteries Doppler (RI and PI) or in the MCA
to umbilical artery ratio.
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