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Background: What role should previous cesarean section play in affecting clinical pregnancy outcomes and avoiding the
complications of in vitro fertilization? In this article, we focus on elective single-embryo transfer (eSET) versus
double-embryo transfer (DET) and assess the clinical efficacy and safety of eSET in patients who have a previ-
ous cesarean scar.

Material/Methods: The pregnancy, delivery, and neonatal outcomes of 130 patients who had a previous cesarean scar and received
in vitro fertilization-embryo transfer (IVF-ET) were retrospectively analyzed. The number of transferred embry-
os was chosen depending on patients’ desire after acknowledging all benefits and risks, including eSET (eSET
group, n=56) and DET (DET group, n=74). A total of 101 patients with previous vaginal delivery receiving IVF-
ET in the same period were included as a control group.

Results: The pregnancy rates, multiple birth rates, abortion rates, ectopic pregnancy rates, gestational age at delivery,
preterm birth rates, neonatal birth weight, and take-home baby rates were similar between the previous ce-
sarean section group and the previous vaginal delivery group. A previous cesarean section scar did not affect
embryo implantation and pregnancy outcomes in IVF. In the eSET and DET groups of previous cesarean sec-
tion patients, the embryo implantation rates, pregnancy rates, abortion rates, and take-home baby rates were
similar. However, the rate of multiple pregnancies reached 50% in the DET group, which led to more preterm
births and lower birth weight.

Conclusions: Elective single-embryo transfer is a well-accepted strategy to avoid multiple pregnancies and improve the ob-
stetric and neonatal outcomes of singleton pregnancy in IVF patients with a previous cesarean section.
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Background

According to World Health Statistics 2015, which was pub-
lished by the World Health Organization (WHO), the use of
cesarean section in clinical delivery was very high in all coun-
tries for the period 2007-2014. In China, the reported cesar-
ean rate was 27%, which is significantly higher than the goal
of less than 15% proposed by WHO during the 1980s [1,2].
An even higher percentage of patients receiving in vitro fertil-
ization-embryo transfer (IVF-ET) accept cesarean section due
to the higher cost of embryo implantation and the concerns
for the babies [3]. With abolishing of the single-child policy in
China, the number of patients with a history of cesarean sec-
tion choosing IVF-ET as an alternative strategy for their sec-
ond progeny will increase, as expected.

On the one hand, it has been reported in the literature that a
cesarean section scar can reduce the chance of embryo implan-
tation and lead to spontaneous abortion [4,5]. DET increases
the embryo implantation and pregnancy rate in an IVF trans-
fer cycle. On the other hand, DET will significantly increase the
incidence of iatrogenic multiple pregnancies (IMPs) as well.
Excessive uterine distension increases the risk of bleeding [6].
Most uterine rupture cases occur in women with a uterine scar,
and multiple pregnancies are a risk factor for uterine rupture
for patients who have had a previous cesarean section [7-9].
When a pregnancy implants on a cesarean fibrous tissue scar,
a cesarean scar pregnancy (CSP) occurs [10,11]. Multi-embryo
transfer is also a risk factor for CSP. As a rare and dangerous
type of ectopic pregnancy in IVF-ET, the severe complications
of CSP include placenta previa/accreta, uterine rupture, and
life-threatening hemorrhage [12-15].

What role should previous cesarean section play in affecting
clinical pregnancy outcomes and avoiding the complications
of IVF? We conducted a retrospective study to investigate if
previous cesarean section affects embryo implantation rate
and pregnancy outcomes in patients with previous cesarean
section compared to patients with a history of vaginal deliv-
ery. Moreover, in this article, we focus on the number of trans-
ferred embryos and assess the clinical efficacy and safety of
eSET in patients who have a previous cesarean scar.

Material and Methods

Ethics statement

This is a retrospective study. Institutional Ethics Board approval
was obtained from the Reproductive Medical Ethics Committee
of Nanjing Drum Tower Hospital (Protocol number: 2014002).
All participating patients were formally informed of the po-
tential academic use of their clinical data in the future when
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admitted in the hospital, and the written informed consents
were obtained from all participants as well.

Patients, inclusion, and exclusion criteria

A total of 231 patients with history of delivery who received
IVF-ET technology in the reproductive medical center of our
hospital from January 2012 to September 2014 were enrolled
in this study. Patients who did not receive embryo transfer
during the oocyte retrieval cycle were excluded. According to
the previous ways of delivery, patients were divided into two
groups: previous cesarean section group (n=130) and vaginal
delivery group (n=101). After the patients were informed of all
benefits and risks of single-embryo or double-embryo transfer,
they were permitted to choose one-embryo transfer (eSET) or
double-embryo transfer (DET) depending on their own desire.
Therefore, patients in the cesarean section scar group were
further divided into a, eSET group (n=56) and a DET group
(n=74). One patient experienced two previous cesarean de-
liveries; however, the others experienced just one. Ultrasound
measurement of scar thickness on the uterus of those who pre-
viously gave birth by caesarean section was done before IVF.

Mid-luteal Lupron and ovulation induction

The mid-luteal Lupron (luteal phase down-regulation) protocol
was applied for all participants. For the patients with ovula-
tion, administration of gonadotrophin-releasing hormone ag-
onist (GnRH-a) was initiated in mid-luteal phase. Oral contra-
ceptives were first given to the patients without ovulation for
15-17 consecutive days starting from the fourth day of men-
ses. Then, GnRH-a was administered to them for 14-15 con-
secutive days as well. Ovarian stimulation was carried out with
either recombinant follicle-stimulating hormone (FSH) or hu-
man menopausal gonadotropin (hnMG). When follicles reached
pre-ovulatory size (18-22 mm), 5,000 IU of human chorionic
gonadotropin (hCG) was administered.

In vitro embryo culture and transfer

Fertilization and embryo culture manipulation were conducted
according to the general protocol of our center. Briefly, short-
term fertilization or intracytoplasmic sperm injection (ICSI) was
performed 3 or 4 hours later after oocyte retrieval. Formation
of pro-nucleus was monitored 17-19 hours after insemination.
At 66—68 hours after insemination, embryos without multi-
nucleus displaying more than 6 blastomeres and fewer than
20% fragments were selected for B-ultrasound-guided trans-
fer. Moreover, luteal support was applied after embryo transfer.
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Pregnancy follow-up

Urine pregnancy tests or blood hCG tests were initially con-
ducted 14-16 days after embryo transfer. Transvaginal ultra-
sound was performed 30-35 days after embryo transfer to
confirm the progeny by observation of a gestational sac or fe-
tal heartbeat. Delivery complications and neonatal conditions
were recorded after birth.

Observation indicators

Basic information about the patients, such as age, years after
cesarean section, body mass index (BMI), gonadotropin (Gn)
dose, causes of infertility, fertilization methods, and endo-
metrial thickness for embryo transfer, was recorded. For the
comparison of fertilization and embryo development between
groups of patients, the fertilization rate, cleavage rate, number
of cells in the transferred embryo, and embryo cryopreserva-
tion cycle rate were recorded and compared. Moreover, preg-
nancy rate, embryo implantation rate, rate of multiple preg-
nancies, early and mid-term abortion rate, ectopic pregnancy
rate, take-home baby rate, gestational age of delivery, birth
weight, and the rate of occurrence of birth defects were com-
pared between groups as well for understanding the pregnan-
cy, delivery outcomes, and neonatal conditions.

Statistical analysis

Statistical analysis of the data was conducted by using SPSS
17.0 software. Comparison of mean values between two groups
was assessed by the Student’s t test. Analysis of the differ-
ences in percentages was performed using the y? test. P<0.05
was considered to indicate statistical significance.

Results

General information on patients receiving IVF-ET after
cesarean delivery and vaginal delivery

The baseline characteristics of the participants were compa-
rable between groups (Table 1). Generally, age was consid-
ered as the key factor affecting the clinical outcome of IVF.
Patients in different age stages have different pregnancy rates.
In our study, the mean age of the group with cesarean sec-
tion scar (33.61+4.21 years) was lower than that of the vag-
inal delivery group (34.85+4.03 years). To illustrate the influ-
ence of age, we divided the patients into groups according to
age (Table 1). Patients were further divided into sub-groups
based on their age (<35 years, 35-37 years, and >37 years),
and no significant difference was observed between the two
groups. As demonstrated in Table 1, other factors such as
BMI, dosage of Gn, causes of infertility, fertilization methods,
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and endometrial thickness were also similar between the two
groups. Statistically significant differences were not observed
for embryo development-related factors such as the number
of retrieved oocytes (9.95+4.60 vs. 9.39+4.20), fertilization rate
(87.79% vs. 89.35%), cleavage rate (97.80% vs. 97.99%), cell
number of transferred embryo (8.15+0.97 vs. 7.97+0.90), and
embryo cryopreservation cycle rate (74.62% vs. 72.28%). The
presence of a previous cesarean section scar did not affect fer-
tilization and embryo development after IVF.

Pregnancy and delivery outcomes in patients receiving
IVF-ET after cesarean delivery and vaginal delivery

Pregnancy and delivery outcomes of the participants receiv-
ing IVF-ET are shown for the previous cesarean section group
and the previous vaginal delivery group (Figure 1). Despite the
fact that the percentage of patients receiving single-embryo
transfer in the previous cesarean section group was signifi-
cantly higher than that in the previous vaginal delivery group
(43.08% vs. 6.93%; P=0.000), the clinical pregnancy rates
(58.46% vs. 54.46%) and take-home baby rates (45.38% vs.
40.59%) between the two groups were similar. The implan-
tation rate in the previous cesarean section group was high-
er than that in the previous vaginal delivery group (49.02%
vs. 38.46%; P=0.034). The occurrence of abnormal pregnan-
cy such as multiple pregnancies, abortion, and ectopic preg-
nancy also was similar between the two groups (32.89% vs.
38.18%, 21.05% vs. 23.64%, and 1.32% vs. 0) (Table 2). The
presence of a cesarean section scar did not affect pregnancy
outcomes after IVF.

There were no statistically significant differences between the
previous cesarean section group (22.02%,13/59) and the pre-
vious vaginal delivery group (12.20%, 5/41) regarding preterm
birth related to delivery history. In singleton deliveries among
the two groups, preterm birth rates were similar (7.14% vs.
7.41%). However, a significantly lower gestational age of de-
livery (35.24+2.46 vs. 37.00+1.24; P=0.022) and higher pre-
term birth rates (58.82% vs. 21.43%; P=0.036) were observed
in patients in the previous cesarean section group who expe-
rienced multiple delivery (Table 3).

General information on patients receiving eSET or DET
after cesarean delivery

We further divided patients who had previous cesarean sec-
tion into groups receiving eSET or DET. For general informa-
tion such as age, years after cesarean section, BMI, dosage of
Gn, causes of infertility, fertilization methods, and endometri-
al thickness, no significant difference was observed between
the two groups (Table 4). The embryo development-related in-
dicators were similar as well (Table 4). Although the fertiliza-
tion rate in the eSET group was lower than that in DET group
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Table 1. General information of patients receiving IVF-ET.

Previous cesarean section group  Previous vaginal delivery group P value
Number of cycles (cycle) 130 101
Cagefears) 3612421 34854403 004"
CAge 0350
"""" asyears®)  ss3 (2130 4752 @snoy
"""" 35-37years(®) 2538 (@3130) 2574 @enon)
"""" s37years) 1923 @130 2673 @ion
infertilty duration (years) 3962300  e9ssAsa 0.000"
ew 23501328 2991328 0175
Gndosage (W) 26224091876 260681474151 0887
_ Composition of infertility factors 0432
"""" Pelvic and oviduct factors (%) 6538 (85/130) 6931 (jo/101)
"""" Male factors %) 1077 (41300 594  (e/10m)
"""" Otherfactors (%) 238 (31130 2475 (s10)
_ Composition of fertilization methods 0089
"""" VF®® 7615 (99/130) 8515 (se/10)
"""" sl 238 (311300 1485 (s10)
Implant endometrial thickness (mm) 10.62+1.95 11.08+1.92 0.072
 Mean number of retrieved cocytes  9.95t460  939x420 0335
Fettilzation rate %) 8779(1136/1294) 8935 (847/948) 0255
Cleavagerate %) o7go111/1136) 9799 (830/847) 0767
Cell number in implanted embryos (cells) 8151097 7975090 0059
 Embryo cryopresenvation cycle rate (%) 7462 7130 7228 (3100 0689

Figure 1. Pregnancy and delivery outcomes
of IVF-ET in patients with previous
cesarean delivery and patients with
vaginal delivery.

Patients with a delivery history received IVF-ET:
31 cases

v !

Cesarean section group: Vaginal delivery group:
130 cases 101 cases

I 3

Nopregnancy:  Clinical pregnancy: Clinical pregnancy: ~ No pregnancy:
54 cases 76 cases 55 cases 46 cases

Early and mild-term Early and mild-term

abortion: abortion:

16 cases 13 cases
Ectopic pregnancy: Loss to follow-up:
1 cases Delivery: Delivery: 1 cases
59 cases 41 cases

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Zhang N. et al.:
In vitro fertilization-embryo transfer in patients with cesarean scar
© Med Sci Monit, 2016; 22: 3288-3295

CLINICAL RESEARCH

Table 2. Pregnancy and delivery outcomes after IVF-ET.

Previous cesarean section group  Previous vaginal delivery group P value

Number of cycles (cycle) 130 101

xfna;r;;‘s';‘ber of implanted embryos 1.5720.50 1.930.26 0.000**
"Eiﬁﬁi{i&;';;%a'q}n"s;'Af"t}'a'a;g{;a{e& """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 0000
"""" Singleembryo transfer 4308 (6130 693 (o
"""" Double-embryo transfer 5692 (74130) 9307 (a0
Clinical pregnancy rate %) ss46  (76/130) sa46 (5100 0542
Embryo implantation rate (%) 902 (100208 846 (15195 0034
 Multiple pregnancy rate %)) 3280 (s;76) w18 Quss) 0532
Abottionrate®) 205 (676) 2364 (1355 0725
| Ectopic pregnancy rate (%) 132 (ze) o o5y 1000
Take-home baby rate (%) - 4538 (59/130) 2059 @100 0466

Table 3. Delivery outcome and neonatal conditions after IVF-ET.

Previous cesarean section group Previous vaginal delivery group

Singleton delivery’

Multiple delivery? Singleton delivery? Multiple delivery*

Number of cases 42 17 27 14
lvebirths(cases) . n 5 7 s
Gestational age of delivery (weeks)  3831£124 35248246 Bads1es 37.008124%
 Gestational age of delivery (cases)
"""" 37-40weeks 3% 7 2 1
"""" 3436 weeks 3 & 1 3
"""" Gdweeks o a4 1 0

Birth defects (cases) 3 (3/35) 0 (0/27) 0 (0/28)

Gestational age of delivery P*3=0.533; P#4=0.022. Preterm birth rate P%3=0.967; P>#=0.036. Birth weight P"3=0.397; P>4=0.271.
Birth defects P>4=0.258.

(84.14% vs. 90.37%; P=0.024), the fertilization rates in both
groups were higher than the 65% industry standard (Table 4).

Pregnancy and delivery outcomes for eSET and DET after
cesarean delivery

The implantation outcomes (50.00% vs. 48.65%) for the eSET
and DET groups were similar; the clinical pregnancy rate (50.00%
vs. 64.86%), abortion rate (25.00% vs. 18.75%), and take-home

baby rate (37.50% vs. 51.35%) in these two groups also did not
display statistically significant differences (Table 5). However,
50% of IVF pregnancies were multiples in the DET group and
carried higher risk to the neonates compared with singleton
pregnancy (Table 5). At delivery, multiple DET babies had sig-
nificantly lower gestational age and birth weight than single-
ton eSET babies. There was one case of CSP and three cases of
birth defects (one case of congenital pyloric obstruction and two
cases of congenital heart disease) in the DET group (Table 6).
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Table 4. General information of patients receiving eSET or DET after cesarean delivery.

eSET DET P value
Number of cycles 56 74
CAgeGears  3a133s  wowmm 0224
infertility duration (years) ate331 3275 0527
Vearsafter cesarian section ~ 775:409 753400 0756
ew 239353 233308 0271
Gndosage(w) 252589293583 269544290514 0299
* Composition of infertility factors 0619
"""" Pelvic and oviduct factors (%) 6071  (34/5) 6892 (U4
"""" Male factors %) 125 (/%) 946 (/7%
"""" Others®) 2679 (155 2162 (/74
_ Composition of fertilization methods 0053
"""" VF®  e78 (85 8243 (674
"""" cslee) 3214 (s/se) 1757 (374
Implant endometrial thickness (mm) 10.52+2.04 10.70+1.89 0.608
| Mean number of retrieved coytes 957451 - 1024467 0412
Fertilzationrate %) gala (s1/53) 9037 (85759 004"
Cleavagerates) o756 (40451 9796 (671/685) 0683
Cellumber in implanted embryo (cells) ~ 814t082 8154103 0970
Embryo cryopresenvation cycle rate 7669 (@356 7297 Gae) 0621
Table 5. Pregnancy outcomes between eSET or DET after cesarean delivery.

eSET DET P value
Number of cycles 56 74
implantationrate %)) s000  (8/58) - ses (2148 0863
Clinical pregnancy rate %) 5000  (8/56) 6486  (@8/78) 0089
 Multiple pregnancy rate %) o ©n8 5000 (448) 0.000"
Abottionrate®) %00  (28) 1875 M8 0519
Ectopicpregnancy rate (%) o o8 208 (/48 1000
Take-home baby rate (%) 375 Quse s135 (874 0116

Discussion resulted in rapid rising of the cesarean section rate through-

out the twentieth century with a substantial increase in the

Cesarean section is applied in high-risk pregnancies by using a
surgical method [16]. With advances in cesarean section tech-
nology and improvements of anesthesia as well as periopera-
tive monitoring, the safety of cesarean section is guaranteed.
However, abuse of cesarean section without medical needs

last 30 years all over the world [17,18]. The Caesarean section
rates of 18-20% in developed countries and 27% in China far
exceed the 15% that is recommended by the WHO. The per-
centage of cesarean sections is even higher in IVF patients. In
China, with the single-child policy recently abolished, there will
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Table 6. The delivery outcome and neonatal conditions between eSET or DET after cesarean delivery.

Number of cases 21 21 17
Clvebirths case) =2 a3
Gestational age of delivery (weeks) B2s1ss 3382080 35248246
| Gestational age of delivery (cases)
"""" 37-40 weeks 18 a7
"""" 436 weeks 3 0o &
"""" Gdweeks 0o o &

Preterm birth rate(%) 14.29 (3/21) 0 (0/21) 58.82 (10/17)**

Birth defects (cases)

0 (0/21)

3 (3/35)

Gestational age P"?=0.785; P*3=0.000; P*3=0.000. Preterm birth rate P=0.000. Birth weight P*2=0.008; P*3=0.000; P*3=0.000.

Birth defects P=0.154.

be an increased need for patients who have previously given
birth by caesarean section to choose IVF technology as an al-
ternative strategy for their second pregnancy.

Cesarean section does not affect function of the ovary or quali-
ty of the ovum unless the hemorrhage caused by previous sur-
gery affects the blood supplies for the uterus or the ovary [19].
In our study, patients with a uterine scar had a 58.46% clini-
cal pregnancy rate, which was similar to that in vaginal deliv-
ery group; this suggests that the existence of a uterine scar
does not affect embryo implantation. However, the location
of embryo implantation is the major factor affecting the preg-
nancy condition in patients with a cesarean scar. If the loca-
tion of embryo implantation is outside the scar region, prior
cesarean section has little impact on the outcome in the ear-
ly stage of pregnancy. However, it is more difficult to conduct
surgical abortion if the embryo is implanted on the cesarean
scar. Moreover, due to the weak myometrial fibers at the scar
and the increased volume of gestational sac wrapping in scar
tissue, there will be increased risk for massive hemorrhage or
even uterine rupture for CSP [20,21]. Furthermore, the risk of
spontaneous uterine rupture is also increased in patients ex-
periencing multiple cesarean sections [22].

According to the regulation in China, the number of trans-
ferred embryos is limited to fewer than two during the appli-
cation of assisted reproductive technology unless the recipi-
ent’s age is more than 35 years or there was a previous failure
of IVF-EF. With double-embryo IVF-ET, the risk of iatrogenic
multiple births is significantly increased [23]. In this study, no
significant difference was observed for embryo implantation

This work is licensed under Creative Common Attribution-
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rates, pregnancy rates, abortion rates, and take-home baby
rates between eSET or DET in patients receiving previous ce-
sarean section. However, 50% of IVF pregnancies were multi-
ples in the DET group, which may lead to a higher incidence
of complications. Twin pregnancy in previous cesarean scar
patients was associated with increased risk of placenta pre-
via and uterine scar rupture, preterm birth, and reduced birth
weights of twin infants [24,25].

In a previous report to assess the benefits of single-embryo
transfer, a significantly increased incidence of preterm births
(including the rate of very preterm births) and low neonatal
birth weights, respiratory complications, sepsis, and jaundice in
neonates were observed for twin pregnancies [26]. Therefore,
there are more benefits if patients with a previous cesare-
an scar prefer eSET. In our study, only 43.08% patients with
previous cesarean section and 6.93% patients with previous
vaginal delivery accepted eSET. Patients are more willing to
choose DET to achieve a better pregnancy rate, and the urg-
ing for progeny causes patients to ignore the risk related to
twin pregnancy. Moreover, concerns about the low pregnancy
rate with eSET and the cost for another embryo transfer cycle
also affect patients’ decisions regarding the number of trans-
ferred embryos [27].

The primary goal of assisted reproductive technology is to have
a healthy baby. Although prior cesarean delivery is not shown
to be associated with an increased risk of stillbirth in a subse-
quent pregnancy [28], increased uterine volume caused by mul-
tiple pregnancies may increase intrauterine pressure and lead
to ruptures at late stage of pregnancy or delivery, especially
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for the cases with prior cesarean deliveries [22]. In our study,
pregnancy outcomes were similar for eSET and DET patients
with a previous cesarean section scar. Reducing the number
of embryos transferred to patients is the most effective meth-
od to prevent the multiple pregnancies. Therefore, there is no
need to transfer more embryos to improve the implantation
outcome, while iatrogenic multiple pregnancies result both ma-
ternal and fetal risk. Physicians should guide patients properly
for accepting high-quality single-embryo IVF-ET to ensure a saf-
er labor and delivery, as well as better neonatal outcome [29].
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Conclusions

Due to the similar pregnancy efficiency and clinical outcome
of eSET and DET, our data provide valuable information for
guiding future patients who previously gave birth by cesare-
an section to accept eSET in order to ensure the safety of de-
livery. Since the patients enrolled in our study were limited,
a large-scale investigation is need to validate our conclusion.
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