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Abstract

Background: Caesarean section rates are rising worldwide. One adverse effect of caesarean section reported in
some studies is an increased risk of subfertility. Only a few studies have assessed the relationship between the previ-
ous mode of delivery and in vitro fertilization/intracytoplasmic sperm injection-embryo transfer (IVF/ICSI-ET) repro-
ductive outcomes. In this study, we primarily investigated the impact of a history of caesarean section with or without
defects on IVF/ICSI-ET outcomes compared to a vaginal delivery history.

Methods: This retrospective study included 834 women who had a IVF or ICSI treatment at our centre between

2015 and 2019 with a delivery history. In total, 401 women with a previous vaginal delivery (VD) were assigned to the
VD group, and 433 women with a history of delivery by caesarean section were included, among whom 359 had a
caesarean scar (CS) without a defect and were assigned to the CS group and 74 had a caesarean section defect (CSD)
and were assigned to the CSD group. Baseline characteristics of the three groups were compared and analysed. Binary
logistic regression analyses were performed to explore the association between clinical outcomes and different deliv-
ery modes.

Results: There were no significant differences in the live birth rate, biochemical pregnancy rate, clinical pregnancy
rate, mean implantation rate or abnormal pregnancy rate between the CS and VD groups However, the live birth rate
and mean implantation rate in the CSD group were significantly lower than those in the VD group (21.6 vs 36.4%,
adjusted OR 0.50 [0.27-0.9]; 0.25+0.39 vs 0.35+0.41, adjusted OR 0.90 [0.81-0.99]). Among women aged < 35 years,
the subgroup analyses showed that the live birth rate, biochemical pregnancy rate, clinical pregnancy rate, and mean
implantation rate in the CSD group were all significantly lower than those in the VD group (21.4 vs 45.8%, adjusted OR
0.35[0.15~0.85]; 38.1 vs 59.8%, adjusted OR 0.52[0.24-0.82]; 31.0 vs 55.6%, adjusted OR 0.43[0.19-0.92]; 0.27 £0.43 vs
0.4310.43, adjusted OR 0.85[0.43 £ 0.43]). For women older than 35 years, there was no statistically significant differ-
ence in any pregnancy outcome among the three groups.

Conclusions: This study suggested that the existence of a CS without a defect does not decrease the live birth rate
after IVF or ICSI compared with a previous VD. However, the presence of a CSD in women, especially young women
(age <35 years), significantly impaired the chances of subsequent pregnancy.
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Introduction

Caesarean section rates have continued to rise world-
wide. Recently, the Lancet conducted a global statistical
analysis on caesarean sections and reported that from
2000 to 2015, the global caesarean section rate almost
doubled, from 12 to 21%, with rates of 32.8% in the
United States, 32.4% in Australia and 36.2% in China [1].
This rise was due mainly to the expansion of caesarean
section indications, a dramatic decline in vaginal delivery
rates after a previous caesarean section and an increased
maternal demand for the procedure [2—4].

This continuously growing trend has led to an interest
in potential long-term obstetric sequelae after caesarean
section. The well-known obstetric complications in sub-
sequent pregnancies include caesarean scar pregnancy,
placental abnormalities, uterine rupture and preterm
birth [5-8]. In addition, adverse effects of caesarean sec-
tion, reported in some retrospective and observational
studies, could increase the risk of subfertility [9, 10]. A
large meta-analysis, including 16 studies, reported that
a history of caesarean section reduced the chances of a
subsequent pregnancy by 9% compared with a vaginal
delivery [11]. A retrospective case—control study includ-
ing 310 IVF patients showed that a caesarean section scar
can could decrease the chances of embryo implantation
(24.01 vs. 34.67%) and reduce the pregnancy rate (40.28
vs. 54.22%) [12]. However, the studies by Zhang N et al. (a
retrospective study of 231 IVF patients) and Patounakis
G et al. (a single-site prospective cohort study of 194 IVF
patients) reported that women with a previous caesarean
section had embryo implantation and pregnancy rates
similar to those of women with prior vaginal deliveries
[13, 14]. Therefore, the detrimental effect of caesarean
section on IVF outcomes is uncertain.

A caesarean section defect (CSD, also called a niche)
is defined as a disruption of the integrity of the myome-
trium at the site of the uterine scars.. Niches are observed
in 24-70% of women after a caesarean section when
assessed by transvaginal sonography (TVS) [15]. It is
reported to be associated with detrimental gynaecologi-
cal symptoms, such as abnormal uterine bleeding, pel-
vic pain, and infertility [16, 17]. Naji et al. suggested that
embryo implantation near or in the caesarean scar defect
may result in a higher miscarriage rate [18]. In the study
by Wang et al., it was reported that the pregnancy rate
sharply declines if a CSD is present [12]. The existence
of the CSD may be one of the main reasons for subfertil-
ity among women with a previous caesarean section. To
date, no study has previously evaluated the relationship

between the presence of a defect and the reproductive
outcomes of women undergoing IVF or ICSI treatment.

The abolition of the single-child policy in China has
contributed to a marked increase in the number of infer-
tility patients with a history of caesarean section who had
to choose IVF/ICSI-ET for conceiving a second child. It
is of major importance to investigate the effects of a his-
tory of caesarean section on women receiving IVF treat-
ment. The aim of this retrospective study was to evaluate
the relationship between caesarean section scars with
or without defects and reproductive outcomes among
women after IVF/ICSI-ET.

Methods

Patients

In this retrospective study, all women with secondary
infertility and a history of delivery who underwent IVF/
ICSI-ET treatment at our IVF centre between January
2015 and December 2019 were included. The inclusion
criteria were as follows: (1) patients had a history of a
previous delivery beyond 5 months gestation; (2) treat-
ment with either a long mid-luteal GnRH antagonist
or GnRH antagonist ovarian stimulation protocol; (3)
undergoing a first fresh embryo transfer; and (4) com-
plete clinical data and follow-up records. The exclusion
criteria were as follows: (1) a history of myomectomy or
resection of an endometrioma; (2) congenital or acquired
uterine malformations, uterine fibroids, adenomyosis, or
intrauterine adhesion; (3) abnormal results on parental
karyotyping; (4) recurrent spontaneous abortion history
(defined as two or more previous spontaneous pregnancy
losses); or (5) chromosomal abnormalities.

According to the above inclusion and exclusion cri-
teria, a total of 834 women were enrolled in this study.
Depending on the mode of delivery and the presence of
a CSD, all women were divided into three groups: the
vaginal delivery (VD) group (n=401), caesarean scar
without a defect (CS) group (#=359) and CSD group
(n="74). Women were further divided into subgroups
based on age (<35 and > 35 years). According to the pres-
ence of fluid in the niche or endometrial cavity, patients
in the CSD group were divided into two small subgroups:
the non-cavity fluid group (#=49) and the cavity fluid
group (n=25). The same trained sonographer used two-
dimensional transvaginal ultrasound (America,GE-Volu-
son E8) to determine whether a patient had a previous
CSD. The diagnostic criterion was a visible defect that
demonstrated a triangular anechoic area or a fluid-filled
defect in the uterine scar through TVS.. Transvaginal
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sonography (TVS) is a non-invasive and effective tool for
evaluating the healing of the uterine segment, measur-
ing the size, shape and position of the CSD, and detecting
endometrial fluid.

IVF protocol
Patients underwent controlled ovarian hyperstimulation
(COH) with either a long mid-luteal GnRH agonist or
GnRH antagonist protocol. Each patient was monitored
by transvaginal ultrasound and blood ovarian steroid
hormone levels. The endometrial thickness, size of each
follicle, number of follicles, and necessary hormone lev-
els were recorded during the process of ovarian stimu-
lation. According to the above parameters, the dosage
and time of gonadotropin (Gn) were adjusted. When
at least two dominant follicles were 18 mm or larger,
human chorionic gonadotropin (hCG) or leuprolide
acetate was administered to trigger final oocyte matura-
tion. Patients underwent transvaginal oocyte retrieval
(TVOR) 36 h after the trigger. Conventional IVF or
ICSI was performed following oocyte retrieval accord-
ing to the kinetic analysis of the washed sperm suspen-
sion. Embryos were cultured in vitro for 2 or 3 days prior
to transfer. Normally, no more than two embryos are
selected for transfer. In a few exceptional cases, such as
when the patient was older or when the embryo quality
was poor, three embryos were transferred. Supernumer-
ary embryos were cryopreserved. Patients received luteal
support on day 2 or 3 after TVOR in the form of intra-
muscular progesterone 80 mg/day or intravaginal proges-
terone gel 90 mg/day. Patients receiving intramuscular
progesterone should be instructed to continue 80 mg/
day until the pregnancy test is positive and then gradually
reduce the dose according to the pregnancy status.
High-quality embryos were defined as normal fertilized
embryos with 6-10 regular blastomeres and <10% frag-
mentation on day 3 [19].

Pregnancy follow-up

A biochemical pregnancy test (positive hCG test) was
initially conducted 14 days after ET. Transvaginal ultra-
sound was performed between 6—7 weeks of gestation to
confirm clinical pregnancy by observing the presence of a
gestational sac with or without foetal heartbeat. Informa-
tion on subsequent pregnancy outcomes was collected
through telephone-interview by clinicians and nurses.

Observation indicators

Basic information about the patients, including age,
infertility duration, infertility cause, infertility category
(primary/secondary), body mass index (BMI), base-
line follicle-stimulating hormone (FSH), Gn dose, dura-
tion of stimulation, oestradiol levels on the trigger day,
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endometrial thickness on the trigger day, and number of
follicles, was recorded. The primary outcome measure
was the live birth rate. Prespecified secondary outcomes
included the positive hCG test rate, clinical pregnancy
rate, mean implantation rate, abnormal pregnancy rate,
mode of delivery, and premature birth rate.

A positive hCG was defined as a value greater than
5 IU/L. Clinical pregnancy was defined as the presence
of a gestational sac seen on transvaginal ultrasound. The
mean implantation rate was defined as the ratio of the
number of amniotic sacs per patient to the number of
embryos transferred per patient. Ectopic pregnancy was
defined as a clinical pregnancy outside the uterus. Early
abortion referred to spontaneously aborted pregnancy
before the gestational age of 12 weeks. Late abortion
referred to spontaneously eventuated pregnancy between
12 and 28 weeks of gestation. Mid-term induction refers
to the artificial termination of pregnancy between 12 and
28 weeks of gestation due to maternal and foetal reasons.
Live birth refers to all live births.

Statistical analysis

Continuous variables are presented as the mean =+ stand-
ard deviation or median (lower quartile, upper quartile)
according to data distribution. Categorical variables are
presented as numbers with percentages. The SNK-q test,
Kruskal-Wallis H test and Pearson’s x2 test were used to
compare baseline characteristics among the three groups
as appropriate. As outcome indicators included dichoto-
mous or continuous variables, binary logistic regres-
sion analysis and generalized linear models were used as
appropriate to test the relationship between the mode of
previous delivery and reproductive outcomes. Crude and
adjusted odds ratios (ORs) with 95% confidence inter-
vals (CIs) were calculated before and after adjusting for
confounding variables, including age, infertility cause,
infertility category, BMI, endometrial thickness on the
trigger day, fertilization methods, number of embryos
transferred, number of high-quality embryos transferred
and day of transfer. Statistical analysis was performed
with SPSS (Version 20.0. SPSS, Inc., Chicago, IL, USA).
All tests were two-sided, and P <0.05 was considered sta-
tistically significant. The statistical power was calculated
using PASS 11 (Hintze, J. (2011). PASS 11. NCSS, LLC.
Kaysville, UT, USA; www.ncss.com).

Results

General patient information

A total of 843 patients were included in this study. The
baseline characteristics of the women in the three groups
are shown in Table 1. General characteristics such as
age, infertility cause, infertility category, BMI, infertil-
ity duration, and type of stimulation protocol were not
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Table 1 Baseline characteristics of of study participants according to by previous delivery modes
Parameter VD group (n=401) CS group (n=359) CSD group (n=74) P
Age (years) 35.05£451 3511+£397 3453+4.04 0.552
Infertility duration (years) 4.71+£3.60 414+£313 414+£2093 0.051
Infertility cause, n(%)
Tubal factor 199(49.6) 164(45.7) 34(45.9) 0.278
Ovary factor 46(11.5) 44(12.3) 12(16.2)
Male factor 60(15.0) 38(10.6) 7(9.5)
Unexplained 24(6.0) 24(6.7) 4(5.4)
Combined 72(18.0) 89(24.8) 17(23.0)
Infertility category, n(%)
Primary 10(2.5%) 11(3.1%) 3(4.1%) 0.744
Secondary 391(97.5%) 348(96.9%) 71(95.9%)
BMI (kg/mz) 23214287 2350+£3.11 23.14+£283 0.347
Basal FSH (IU/L) 7.00+245 6.81+£239 7394299 0.158
Stimulation protocol, n(%)
Md-luteal Lupron 252(62.8) 227(63.2) 45(60.8) 0926
Antagonist 149(37.2) 132(36.8) 29(39.2)
Total gonadotropins (IU) 2951.35+£774.28 2914.254+700.88 2960.51 +697.32 0.753
Duration of stimulation (days) 9.23+1.60 9.254+1.60 923+140 0.990
E, level on the trigger day (pg/mL) 3159.214192837 3104.15+£1785.13 3127.23+£1693.28 0919
Endometrial thickness on the trigger day (mm) 9.87+1.74 9.72+1.82 9.28+1.50 0.026
Numbers of follicles with a diameter> 14 mmonthe  10.8045.27 11344538 10.76 +£4.48 0.328
day of trigger
Retrieved oocytes (n) 10.10£5.60 10.724+5.56 10.15£5.01 0.281
Fertilization methods, n(%)
IVF 266(66.3) 244(68.0) 53(71.6) 0.651
ICSI 135(33.7) 115(32.0) 21(28.4)
Fertilization rate (%) 76.9(2683/3491) 76.6(2570/787) 77.6(502/647) 0.843
Cleavage rate (%) 98.4(2640/2683) 98.2(2524/2570) 98.6(495/502) 0.767
Available embryos(n) 4(2,6) 4(2,6) 3(2,6) 0.584
High-quality embryos(n) 2(1,4) 2(1,4) 2(1,4) 0448
Number of embryos transferred (n) 2(1,2) 1(1,2) 101,2) 0.087
Day of Transfer, n(%)
D2 33(8.2%) 19(5.3%) 12(16.2%) 0.005
D3 368 (91.8%) 340(94.7%) 62(83.8%)
Number of high-quality embryo transferred(n) 101,2) 101,1)2 1(1,1) 0.000

significantly different among the three groups. There
were no statistically significant differences in ovarian
response-related factors, such as baseline FSH, mean
E, level on the trigger day, dosage of Gn, duration of
Gn stimulation, and number of follicles with a diame-
ter > 14 mm on the trigger day, indicating that the pres-
ence of a previous caesarean section scar with or without
a defect did not impact ovarian reserve function or the
ovarian response. Statistically significant differences were
not observed for embryo development-related factors,
such as the number of retrieved oocytes, normal fertili-
zation rate, cleavage rate, number of available embryos,

and number of high-quality embryos, among the three
groups. These results showed that a previous caesarean
section did not affect fertilization or early embryo devel-
opment. Furthermore, there were no differences in ferti-
lization methods or the number of embryos transferred
among the three groups. However, endometrial thickness
on the trigger day, in the CSD group was significantly
lower than that in the other two groups (9.87 £1.74 vs
9.72+1.82 vs 9.28+1.50, P<0.05), and there were sta-
tistically significant differences in the number of high-
quality embryos transferred among the three groups [1
(1,2) vs 1 (1,1) vs 1 (1,1), P<0.05]. The proportion of D2
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embryos transferred in the CSD group was significantly
higher than that in the other two groups (16.2 vs 8.2 vs
5.3%, P<0.05).

Pregnancy outcomes after IVF/ICSI-ET
The post-IVF/ICSI-ET pregnancy outcomes of the three
groups are shown in Fig. 1.

Binary logistic regression analysis and generalized lin-
ear models were performed to determine the effect of a
history of caesarean section on pregnancy outcomes.
Table 2, presents the results of both the crude analyses
and the analyses adjusted for age, infertility cause, infer-
tility category, BMI, endometrial thickness on the trigger
day, fertilization methods, number of embryos trans-
ferred, number of high-quality embryos transferred and
day of transfer. There were no significant differences
in the live birth rate, biochemical pregnancy rate, clini-
cal pregnancy rate, mean implantation rate or abnor-
mal pregnancy rate between the CS and VD groups
(P>0.05). However, the live birth rate in the CSD group
was significantly lower than that in the VD group (21.6
vs 36.4%, crude OR 0.48 [0.26—0.86]; adjusted OR 0.50
[0.27-0.95]). The mean implantation rate was also sig-
nificantly lower in the CSD group than in the VD group
after adjusting for confounding factors (0.35+0.41 vs
0.2540.39, adjusted OR, 95% CI 0.90 [0.81 ~0.99]). Posi-
tive hCQ test and clinical pregnancy rates were also lower
in the CSD group before correction for confounding fac-
tors (35.1 vs 51.4%, OR 0.51[0.30-0.85]; 29.7 vs 47.1%, OR
0.47[0.27-0.8]). When the confounding variables were
added to the logistic regression models, there was no
longer an association between prior CSD and pregnancy
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outcomes, with adjusted ORs of 0.67 (0.39—1.18) and 0.59
(0.33-1.06) for the positive hCG test and clinical preg-
nancy rates, respectively. Compared with those in the
previous vaginal delivery group, the early abortion and
ectopic pregnancy rates were not significantly increased
in the CSD group.

Table 3 presents the results of the crude and adjusted
ORs between groups for women aged<35 years
(VD =214, CS=187, CSD =42). Similarly, there were no
significant differences in the live birth rate, biochemical
pregnancy rate, clinical pregnancy rate, mean implan-
tation rate or abnormal pregnancy rate between the CS
and VD groups (P>0.05).However, the live birth rate,
positive hCQG test rate, clinical pregnancy rate and mean
implantation rate in the CSD group were all significantly
lower than those in the VD group (21.4 vs 45.8%, adjusted
OR 0.35 [0.15-0.85]; 38.1 vs 59.8%, adjusted OR 0.52
[0.24-0.82]; 31.0 vs 55.6%, adjusted OR 0.43 [0.19-0.92];
0.27£0.43 vs 0.43 £0.43, adjusted OR 0.85 [0.43 £ 0.43]).

Table 4 presents the results of the crude and adjusted
ORs between groups for women aged>35 years
(VD=187, CS=172, CSD=32). There were no statisti-
cally significant differences in any pregnancy outcome
among the three groups with or without adjustments for
various confounders (P> 0.05).

Table 5 presents the results of the subgroup analysis
of women who did and did not have fluid in the cavity
(non-cavity fluid group =49, cavity fluid group =25). The
live birth rate, biochemical pregnancy rate, clinical preg-
nancy rate, and mean implantation rate in the cavity fluid
group were all lower than those in the non-cavity fluid
group. However, there were no statistically significant

Patients with delivery history received IVF/ICSI-ET(n=834)

—

,

VD group( n=401)

CS group(n=359)

CSD group(n=74)

A A

A 4

Clinical pregnancy189 cases

Clinical pregnancy165 cases

Clinical pregnancy 22 cases

Early abortion:24 cases
Ectopic pregnancy:5 cases
Late abortion:10 cases

Mid-term induction:4cases

Early abortion:29 cases
Ectopic pregnancy:6cases
Late abortion:8 cases

Mid-term induction:3cases

A

v

Delivery:146cases

Delivery: 119 cases

Fig. 1 Flowchart of reproductive outcomes after IVF/ICSI-ET

Early abortion:4 case
Ectopic pregnancy:1 case

Late abortion:1 case

Delivery: 16 cases
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Table 2 Binary logistic regression analysis
Parameter %(n/N) Crude OR (95%(Cl) Adjusted OR (95%Cl)
Live birth

VD (n=401) 36.4%(146/401) 1.00 1.00

CS (n=359) 33.1%(119/359) 0.86(0.64~1.16) 0.93(0.67 ~1.29)

CSD (n=74) 21.6%(16/74) 0.48(0.26~0.86)* 0.50(0.27 ~0.95)*
Positive hCG test

VD (n=401) 51.4%(206/401) 1.00 1.00

CS (n=359) 50.19%(180/359) 0.95(0.71~1.26) 1.16(0.84~1.59)

CSD (h=74) 35.1%(26/74) 0.51(0.30~0.85)* 0.67(0.39~1.18)
Clinical pregnancy

VD (n=401) 47.1%(189/401) 1.00 1.00

CS (n=359) 46.0%(165/359) 0.95(0.71~1.26) 1.13(0.82~1.56)

CSD (h=74) 29.7%(22/74) 047(0.27~0.81)* 0.59(0.33~1.06)
Mean implantation rate (mean =£ SD)

VD (n=401) 0.35+£041 1.00 1.00

CS (n=359) 037+£044 1.02(0.96 ~1.09) 1.01(0.95~1.08)

CSD (h=74) 025+0.39 0.90(0.81~1.004) 0.90(0.81~0.99)*
Early abortion

VD (n=401) 12.7%(24/189) 1.00 1.00

CS (n=359) 17.6%(29/165) 1.38(0.78~2.41) 1.58(086~2.88)

CSD (n=74) 18.2%(4/22) 0.89(0.30~2.66) 1.25(0.40~3.91)
Ectopic pregnancy

VD (n=401) 2.6%(5/189) 1.00 1.00

CS (n=359) 3.6%(6/165) 1.34(040~4.44) 1.81(049~6.62)

CSD (h=74) 4.5%(1/22) 1.08(0.12~9.42) 1.76(0.18~17.18)

" P<0.05 (adjusted for age, BMI, infertility cause, infertility category, endometrial thickness on the trigger day, fertilization methods, the number of embryos

transferred, high-quality embryo transferred and day of transfer)

differences in any pregnancy outcome between the two
subgroups before and after adjustment for confounders
(P>0.05).

Delivery outcomes after IVF/ICSI-ET

The delivery outcomes and neonatal conditions of the
three groups after IVE/ICSI-ET are shown in Table 6. We
collected information regarding the delivery outcomes
of 281 women. Although the previous delivery of each
woman was vaginal, the caesarean section rate after IVF/
ICSI-ET was 54.1% in the VD group, while in the CS and
CSD groups, the caesarean section rates were 95.8 and
93.8%, respectively. The difference in the caesarean sec-
tion rate among the three groups was statistically signif-
icant (P<0.05). The twin delivery rate was 23.3% in the
VD group and 6.7% in the CS group, but there was no
twin delivery in the CSD group. Eighteen patients with
multiple pregnancies underwent selective embryo reduc-
tion (10 cases in the VD group, 6 cases in the CS group,
and 2 cases in the CSD group). There were no differ-
ences in the full-term birth rate, preterm birth rate, birth
weight, or low-birth-weight infant rate among the three
groups. However, as shown in Table 6, the preterm birth

rate was 31.3% in the CSD group, which was higher than
that in the VD and CS groups (15.8 and 10.9%, respec-
tively). Two cases of placenta previa occurred in the CS
group. One case of placenta previa occurred in the CS
group. None of the three groups included women with
postpartum haemorrhage or uterine rupture.

Discussion

This retrospective observational study based on the IVF/
ICSI-ET population revealed no differences in pregnancy
outcomes of women with only a prior caesarean section
without a defect compared to those with a prior vagi-
nal delivery. However, the presence of a CSD in women,
especially young women (age <35 years), significantly
impaired the chances of subsequent pregnancy.

The relationship between a history of caesarean sec-
tion and subsequent fertility is of concern because cae-
sarean section rates continue to rise. Various studies
have reported that a prior caesarean section may reduce
subsequent fertility rates and prolong pregnancy inter-
vals [20-23]. To date, only a few studies have assessed
the association between previous caesarean section
and IVF/ICSI-ET pregnancy outcomes [12-14, 24, 25].
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Table 3 Binary logistic regression analysis for women  Table4 Binary logistic regression analysis for women
aged <35 years aged > 35 years
Parameter %(n/) Crude OR Adjusted OR Parameter %(n/N) Crude OR Adjusted OR
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Live birth Live birth
VD (n=214) 45.8%(98/214) 1.00 1.00 VD (n=187) 25.7%(48/187) 1.00 1.00
CS(h=187) 374%(70/187)  0.70(047~1.05) 0.81(0.52~1.33) CS(n=172) 285%(49/172) 1.15(0.72~1.83) 1.15(0.69~1.90)
CSD (n=42) 21.4%(9/42) 0.32(0.14~0.70)*  0.35(0.15~0.85)* CSD (n=32) 21.9%(7/32) 0.81(0.33~1.99) 0.85(0.33~2.20)
Positive hCG test Positive hCG test
VD (n=214) 59.8%(128/214) 1.00 1.00 VD (hn=187) 41.7%(78/187) 1.00 1.00
CS(n=187) 49.2%(92/187) 0.65(0.43~0.96) 0.82(0.52~1.27) CS(h=172) 51.2%(88/172) 1.46(0.96~2.22) 1.68(1.06 ~2.68)
CSD (n=42) 38.1%(16/42) 041(020~0.81)*  0.52(0.24~0.82)* CSD (n=32) 31.2%(10/32) 0.63(0.28~1.41) 0.88(0.37~2.07)
Clinical pregnancy Clinical pregnancy
VD (n=214) 556%(119/214) 1.00 1.00 VD (n=187) 374%(70/187) 1.00 1.00
CS(h=187) 46.0%(86/187)  0.68(0.45~1.008) 0.84(0.53~1.33) CS(h=172) 459%(79/172) 1.42(0.93~2.16) 1.55(0.97 ~2.47)
CSD (h=42) 31.0%(13/42) 0.35(0.17~0.72)*  043(0.19~0.92)* CSD (n=32) 28.1%(9/32) 0.65(0.28~1.49) 0.86(0.35~2.07)
Mean implantation rate (mean = SD) Early abortion
VD (h=214) 043+043 1.00 1.00 VD (n=187) 18.6%(13/70) 1.00 1.00
CS(h=187) 0411047 0.97(0.89~1.06) 0.97(0.89~1.06) CS(h=172) 26.6%(21/79) 1.86(0.90 ~ 3.84) 2.07(0.94~4.55)
CSD (n=42) 027+043 0.84(0.73~0.98)*  0.85(0.73~0.98)* CSD (n=32) 22.2%(2/9) 0.89(0.19~4.15) 1.37(0.27 ~6.87)
Early abortion Ectopic pregnancy
VD (n=214) 9.2%(11/119) 1.00 1.00 VD (n=187) 2.9%(2/70) 1.00 1.00
CS(n=187) 9.3%(8/86) 0.82(0.32~2.09) 0.97(0.34~2.76) CS(h=172)  5.1%(4/79) 2.20(0.39~12.17) 2.00(0.30~13.11)
CSD (h=42) 154%(2/13) 0.92(0.19~0.19) 1.03(0.20~5.27) CSD(h=32) 0 NA NA
Ectopic pregnancy (adjusted for age, BMI, infertility cause, infertility category, endometrial
VD (n=214) 2.5%(3/119) 1.00 1.00 thickness on the trigger day, fertilization methods, the number of embryos
CS(h=187) 2.3%2/86) 0.76(0.12~ 4.60) 117(0.15~8.94) transferred, high-quality embryo transferred and day of transfer)
CSD (h=42) 7.7%(1/13) 1.71(0.17~16.90)  2.94(0.19~44.65)

" P<0.05 (adjusted for age, BMI, infertility cause, infertility category, endometrial
thickness on the trigger day, fertilization methods, the number of embryos
transferred, high-quality embryo transferred and day of transfer)

Wang et al. conducted a retrospective cohort study of
310 patients undergoing fresh IVF/ICSI cycles [12]. The
authors reported lower implantation rates (24.01 vs.
34.67%, P<0.05) and clinical pregnancy rates (40.28 vs.
54.22%, P<0.05) after caesarean section than after vagi-
nal delivery. In addition, when a CSD in combination
with endometrial fluid was present, clinical pregnancy
rates sharply decreased to 12.5%. However, one limita-
tion of the study was that it did not adjust various con-
founding factors on pregnancy outcomes. Vissers J et al.
researched 1317 IVF cycles and found that live birth rates
were significantly lower among women with a previous
caesarean section than among women with a previous
vaginal delivery (15.9 versus 23.3%, respectively [OR 0.63
95% CI 0.45-0.87]) [24]. The ongoing pregnancy, clini-
cal pregnancy and biochemical test rates were also lower.
Furthermore, the study noted even lower live birth rates
after a CSD (10.7%). Unfortunately, the sample size of this
subgroup was too small for effective statistical analysis. A
more recent study by Huang et al. investigated the effect

of a prior caesarean section on pregnancy outcomes of
frozen-thawed embryo transfer (FET) in freeze-all cycles.
Pregnancy and higher early miscarriage rates were lower
among women with a previous caesarean section than
among women with a previous vaginal delivery [25].
However, other studies have reported opposite con-
clusions. The retrospective study by Zhang et al., which
included a total of 231 patients, showed that a previous
caesarean section scar did not affect embryo implanta-
tion or pregnancy outcomes after IVF [13]. However,
several limitations of this study should be noted, includ-
ing imbalances in baseline characteristics (maternal
age, infertility duration) and uncorrected confound-
ers that affected outcomes. Patounakis et al. conducted
a prospective cohort study of 194 patients undergoing
fresh IVE/ICSI cycles [14]. The study demonstrated that
despite the apparently more difficult transfers, clini-
cal pregnancy (41 vs. 49%) and live birth rates (32 vs.
39%) were not different between patients with a history
of caesarean section and those with only a prior vaginal
delivery. The prospective design of the study reduced
the biases that affect retrospective studies and provided
a higher level of evidence. However, the study stopped
before it could enrol the planned number of patients.
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Table 5 Subgroup analysis of women who did and did not have fluid in the cavity

Parameter Non-cavity fluid group Cavity fluid group Crude OR (95%Cl) Adjusted OR (95%Cl)

(n=49) (n=25)

Live birth 22.4%(11/49) 20.0%(5/25) 0.86(0.26~2.83) 1.06(0.26 ~4.34)

Positive hCG test 38.8%(19/49) 28%(7/25) 0.61(0.21~1.74) 0.76(0.20~2.85)

Clinical pregnancy 32.7%(16/49) 249%(6/25) 0.65(0.21~1.94) 0. 96(0 24~3. 77)

Mean implantation rate 0.264+0.39 0224041 0.95(0.79~1.15) 01(0.84~1.20)
(mean £ SD)

Early abortion 4/16 0/6

Ectopic pregnancy 0/16 1/6

(adjusted for age, infertility cause, infertility category, BMI, endometrial thickness at the hCG trigger, fertilization methods, the number of embryos transferred, high-

quality embryos transferred, and day of transfer)

Table 6 Delivery outcomes and neonatal conditions after embryo transfer

Parameter VD group (n=146)

54.1%(79/146)
23.3%(34/146)
84.29%(123/146)
15.8%(23/146)
3104.7 £659.88
13.9%(25/180)

Caesarean delivery rate (%)
Twin-births rate (%)
Full-term birth rate (%)
Pre-term birth rate (%)
Birth weight (g)

Low birth weight rate (%)

CSgroup (n=119) CSD group (n=16) P
95.8%(114/119) 93.8%(15/16)° 0.000
6.7%(8/119) 0

89.1%(106/119) 68.7%(11/16) 0.082
10.9%(13/119) 31.3%(5/16) 0.082
32270460292 3231.84+480.15 0.221
9.4%(12/127) 12.5%(2/16) 0.500

2VD group vs CS group, P <0.05; °VD group vs CSD group, P<0.05

In our study, there was no significant difference in the
live birth rate between the CS and VD groups (33.1 vs
36.4%, OR 0.96 95% CI 0.69-1.34). Despite adjustments
for confounders, such as age, infertility cause, infertility
category, BMI, endometrial thickness on the trigger day,
fertilization methods, number of embryos transferred,
number of high-quality embryos transferred and day
of transfer, the results remained the same. This showed
that the presence of a caesarean section scar alone did
not reduce the rates of pregnancy outcomes among IVF
cycles. However, the live birth rate was significantly
lower among women with a previous CSD, at 21.6%, than
among women with a previous vaginal delivery, at 36.4%
(OR 0.50 95% CI 0.27-0.95). The mean implantation
rate was also significantly lower in the CSD group than
in the VD group after adjusting for confounding factors
(0.35+£0.41 vs 0.25+£0.39, respectively, OR 0.50, 95% CI
0.27-0.95). Furthermore, among females aged < 35 years,
the live birth rate decreased sharply with the existence of
a niche, compared with women with a previous vaginal
delivery (21.4 versus 45.8%, OR 0.35 95% CI 0.15-0.85).
Additionally, the positive hCG test rate, clinical preg-
nancy rate and mean implantation rate were also signifi-
cantly reduced among women with a niche. These results
indicate that a uterine defect may have a detrimental
effect on IVF/ICSI-ET outcomes. In young females, in
particular, the negative effects were more prominent.

However, for females over 35 years old, the differences
in live birth and clinical pregnancy rates between the
CSD and VD groups were not significant. One possible
explanation is that age plays a crucial role in IVF/ICSI-
ET, and the powerful influence of age on IVF pregnancy
outcomes exceeds that of uterine defects. The success
of IVF is highly dependent upon female age. Advanced
female age reduces ovarian reserve, decreases oocyte/
embryo competence and increases embryonic aneuploi-
dies [26]. Therefore, a uterine defect has only a negligible
impact on pregnancy outcomes after IVF compared with
advanced age. Our study further assessed the impact of
obvious fluid in the niche or fluid in the endometrial cav-
ity on the reproductive outcomes of embryo transfer. The
results showed that fluid in the obvious niche or endome-
trial cavity had no further detrimental effect on implan-
tation compared with nonfluid fluid in the niche cavity.
However, the sample size of these subgroups was too
small, and larger prospective studies are recommended.
The present study showed that the presence of a cae-
sarean section scar without a defect did not reduce the
rates of pregnancy outcomes among IVF cycles. The
underlying mechanism that leads to adverse pregnancy
outcomes among women with caesarean section after
IVF may be attributed to the presence of a scar defect.
A more recent review study by Vissers et al. presented
a series of hypotheses regarding the effect of a CSD on
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fertility outcomes [27]. The possible hypotheses relevant
to this study are as follows. (1) The first hypothesis that
the accumulation of intracavitary fluid or blood related
to the defect may impair embryo implantation through
embryotoxic factor exposure. Lousse et al. reported that
old blood in the uterine cavity may lead to degradation
of haemoglobin, resulting in higher iron exposure, which
is known to be embryotoxic [28]. (2) The second hypoth-
esis is alterations in immunobiology and/or increased
inflammation when a defect is present. A study by Ben-
Nagi et al. showed that the major alterations at the scar
site were less vascularization and fewer leucocytes than
in the endometrium of the unscarred uterus [29]. In addi-
tion, Moreno et al. suggested that the accumulation of
fluid may promote bacterial growth, reducing the success
of IVF [30]. (3) The third hypothesis is uncoordinated
or impaired uterine contractions after caesarean sec-
tion. The site of a previous caesarean scar is discontinu-
ous. The uterine incision is generally in the lower uterine
segment and can lead to poor contractility of the uterine
muscle around the scar [31]. (4) The fourth hypothesis
suggests that ET becomes problematic due to a distorted
anatomy resulting from a large defect and a strongly
retroflexed uterus. Several studies reported that ET in
women with a history of a prior caesarean section took
a longer time and was more difficult than ET in women
with a prior vaginal delivery [12, 14, 24]. In addition, our
study revealed that the endometrial thickness on the
trigger day in the CSD group was significantly thinner
(9.87+£1.74 vs 9.724+1.82 vs 9.28 +1.50, P=0.026). This
implied that CSD may also impair implantation by affect-
ing the growth of the endometrium. However, this find-
ing needs further investigation with larger sample size.
Previous studies have provided reliable evidence that
women who become pregnant through assisted repro-
ductive technology are more likely to choose caesarean
section delivery, which increases the caesarean section
rate [32, 33]. In our study, although the previous delivery
mode was vaginal in the VD group, the caesarean sec-
tion rate after IVF/ICSI-ET was 54.1%; however, in the
CS and CSD groups, the caesarean section rates were
95.8 and 93.8%, respectively. One possible reason for this
finding lies in the increased incidences of obstetrical and
perinatal complications that increase the probability of
needing a caesarean section [34]. Other possible reasons
were that the high risk of IVF pregnancy, the “precious
baby” effect and maternal preference in the absence of
medical indications play important roles in the decision
[35]. In addition, it needs to be pointed out that the high
twin birth rate after IVF treatment is also one of the rea-
sons for the increase in the caesarean section rate. Our
research also showed that the preterm birth rate in the
CSD group was 31.3%, which was higher than the rates
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in the VD and CS groups (15.8 and 10.9%, respectively).
To avoid obstetric complications during the late stage
of pregnancy, some patients with a CSD must terminate
their pregnancy before a term birth. However, due to the
limited sample size, the difference in late-term termina-
tions of pregnancy among the groups was not significant.
Due to the development of obstetric-related techniques,
none of the women in the three groups had postpartum
haemorrhage or uterine rupture.

One strength of our study was that we investigated the
role of a niche (caesarean scar defect) in pregnancy out-
comes separately, which has not been assessed in previ-
ous studies. The reason for the inconsistent conclusion
regarding the effect of a CS on pregnancy outcome may
be due to the different proportions of women with a CSD
in previous studies. However, several limitations should
also be noted. First, the overall sample size of the study
was still limited, which reduced the statistical power. Post
hoc power analysis was carried out based on the number
of patients enrolled with live birth rates of 36.4 and 21.6%
among the VD and CSD groups, respectively. Let alpha
be 0.05; then, the sample of the current study achieves
only a power of 72% to detect the difference in live births
between these two groups. Second, there were differ-
ences in baseline characteristics among the three groups.
However, the results remained robust after we adjusted
potential confounding factors, including age, infertility
cause, infertility category, BMI, endometrial thickness on
the trigger day, fertilization methods, number of embryos
transferred, number of high-quality embryos transferred
and day of transfer in the logistic regression models.
Third, we did not collect detailed information regarding
the patient’s caesarean section incision types. The rela-
tionship between types of previous caesarean sections
and the pregnancy outcomes of IVF needs further study.

Conclusion

This study demonstrated that the existence of a caesarean
scar without a niche did not decrease the rates of preg-
nancy outcomes after IVF/ICSI-ET. However, a uterine
niche after caesarean section may have a detrimental
effect on subsequent pregnancy. In young women in par-
ticular (age <35 years), the harmful effects of a CSD are
more significant. However, in advanced-aged women, age
had a more critical effect on pregnancy outcomes. Uter-
ine defects have only a negligible impact on pregnancy
outcomes after IVF compared with advanced age. We
suspect that the existence of a CSD may be the main rea-
son for the decrease in pregnancies among women with
a history of caesarean section. Findings from this study
should be of practical clinical importance for counselling
women on the potential influence of a previous caesar-
ean section scar with or without a niche on pregnancy
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outcomes following IVF/ICSI-ET treatment. Clinicians
should pay attention to the examination and assessment
of caesarean scar defect before IVFE. In addition, vigor-
ously promoting vaginal delivery and reducing unin-
dicated caesarean sections at the primary delivery are
fundamental measures to reduce the caesarean section
rate and its complications. Since the number of patients
enrolled in our study was limited, further studies on a
larger scale are needed to confirm our conclusions.

Abbreviations

IVF/ICSI-ET: In vitro fertilization/intracytoplasmic sperm injection-embryo
transfer; VD: Vaginal delivery; CS: Caesarean scar; CSD: Caesarean section
defect; COH: Controlled ovarian hyperstimulation; hCG: Human chorionic
gonadotropin; TVOR: Transvaginal oocyte retrieval; FSH: Follicle-stimulating
hormone; BMI: Body mass index; OR: Odds ratio.

Acknowledgements

The authors thank all the doctors, nurses, and embryologists in the Reproduc-
tive Medicine Center of Tianjin Central Hospital of Obstetrics and Gynecology
for their help in collecting data.

Authors’ contributions

JRD, GG and HNL contributed to the study design. The analysis was made
by JRD and GG with the assistance of XYW. JRD, YSZ, XYW, YFZ, YH and AJD
drafted the manuscript. JRD and GG revised the manuscript. JRD and GG
contributed equally to this work. All authors read and approved the final
manuscript.

Funding
No funding was received.

Availability of data and materials

The data used or analyzed during the current study are included within the
article. The datasets are not publicly available due to the hospital policy and
personal privacy. However, the datasets are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Tianjin Central Hospi-
tal of Obstetrics and Gynecology (Protocol number: ZY2019002). All participat-
ing patients were informed that their clinical data may be used for academic
research in the future before entering the IVF-ET/ICSI cycle and signed written
informed consents. The research was conducted ethically in accordance with
the World Medical Association Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
No author has any potential conflict of interest.

Received: 2 February 2021 Accepted: 31 May 2021
Published online: 06 July 2021

References

1. BoermaT, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, et al.
Global epidemiology of use of and disparities in caesarean sections.
Lancet. 2018;392(10155):1341-8.

2. NilstunT, Habiba M, Lingman G, Saracci R, Da Fré M, et al. Cesarean
delivery on maternal request: can the ethical problem be solved by the
principlist approach? BMC Med Ethics. 2008;17(9):11.

20.

AR

22.

23.

24.

25.

Page 10 of 11

Wortman AC, Alexander JM. Placenta accreta, increta, and percreta.
Obstet Gynecol Clin North Am. 2013;40:137-54.

Mylonas |, Friese K. Indications for and risks of elective cesarean section.
Dtsch Arztebl Int. 2015;112:489-95.

Schemann K, Patterson JA, Nippita TA, Ford JB, Roberts CL. Variation in
hospital caesarean section rates for women with at least one previous
caesarean section: a population based cohort study. BMC Pregnancy
Childbirth. 2015;19(15):179.

Betran AP, Ye J, Moller AB, Zhang J, Gllmezoglu AM, Torloni MR. The
increasing trend in caesarean section rates: global, regional and national
estimates: 1990-2014. PLoS One. 2016;11(2):e0148343.

Sandall J, Tribe RM, Avery L, et al. Short-term and long-term effects

of caesarean section on the health of women and children. Lancet.
2018;392:1349-57.

Keag OE, Norman JE, Stock SJ. Long-term risks and benefits associated
with cesarean delivery for mother, baby, and subsequent pregnancies:
systematic review and meta-analysis. PLoS Med. 2018;15:21002494.
Miller ES, Hahn K, Grobman WA, Society for Maternal-Fetal Medicine
Health Policy Committee. Consequences of a primary elective cesarean
delivery across the reproductive life. Obstet Gynecol. 2013;121(4):789-97.

. Gregory KD, Jackson S, Korst L, Fridman M. Cesarean versus vaginal deliv-

ery: whose risks? Whose benefits? Am J Perinatol. 2012;29(1):7-18.

. Gurol-Urganci |, Bou-Antoun S, Lim CP, Cromwell DA, Mahmood TA,

Templeton A, et al. Impact of caesarean section on subsequent fertility: a
systematic review and meta-analysis. Hum Reprod. 2013;28(7):1943-52.

. Wang YQ, Yin TL, Xu WM, Qi QR, Wang XC, Yang J. Reproductive outcomes

in women with prior cesarean section undergoing in vitro fertilization: a
retrospective case-control study. J Huazhong Univ Sci Technol Med Sci.
2017;37(6):922-7.

. Zhang N, Chen H, Xu Z, Wang B, Sun H, Hu Y. Pregnancy, delivery, and

neonatal outcomes of in vitro fertilization-embryo transfer in patient with
previous cesarean scar. Med Sci Monit. 2016;16(22):3288-95.

. Patounakis G, Ozcan MC, Chason RJ, Norian JM, Payson M, DeCherney AH,

et al. Impact of a prior cesarean delivery on embryo transfer: a prospec-
tive study. Fertil Steril. 2016;106(2):311-6.

. Bij de Vaate AJ, van der Voet LF, Naji O, Witmer M, Veersema S, Brolmann

HA, Bourne T, Huirne JA. Prevalence, potential risk factors for develop-
ment and symptoms related to the presence of uterine niches following
cesarean section: systematic review. Ultrasound Obstet Gynecol.
2014,43(4):372-82.

Florio P, Filippeschi M, Moncini |, Marra E, Franchini M, Gubbini G. Hys-
teroscopic treatment of the cesarean-induced isthmocele in restoring
infertility. Curr Opin Obstet Gynecol. 2012;24(3):180-6.

Allornuvor GF, Xue M, Zhu X, Xu D. The definition, aetiology, presentation,
diagnosis and management of previous caesarean scar defects. J Obstet
Gynaecol. 2013;33(8):759-63.

Naji O, Wynants L, Smith A, Abdallah Y, Saso S, Stalder C, et al. Does the
presence of a caesarean section scar affect implantation site and early
pregnancy outcome in women attending an early pregnancy assessment
unit? Hum Reprod. 2013;28(6):1489-96.

Desai NN, Goldstein J, Rowland DY, Goldfarb JM. Morphological evalu-
ation of human embryos and derivation of an embryo quality scoring
system specific for day 3 embryos: a preliminary study. Hum Reprod.
2000;15(10):2190-2196.

Hemminki E, Shelley J, Gissler M. Mode of delivery and problems in sub-
sequent births: a register-based study from Finland. Am J Obstet Gynecol.
2005;193:169-77.

Mollison J, Porter M, Campbell D, Bhattacharya S. Primary mode of deliv-
ery and subsequent pregnancy. BJOG. 2005;112:1061-5.

Smith GCS, Wood AM, Pell JP, Dobbie R. First cesarean birth and subse-
quent fertility. Fertil Steril. 2006,85:90-5.

Tollanes MC, Melve KK, Irgens LM, Skjaerven R. Reduced fertility after
cesarean delivery: a maternal choice. Obstet Gynecol. 2007;110:1256-63.
Vissers J, Sluckin TC, van Driel-Delprat CCR, Schats R, Groot CJM, Lambalk
CB, Twisk JWR, Huirne JAF. Reduced pregnancy and live birth rates after
in vitro fertilization in women with previous caesarean section: a retro-
spective cohort study. Hum Reprod. 2020;35(3):595-604.

Huang J, Lin J, Cai R, et al. Effect of a prior cesarean delivery on
pregnancy outcomes of frozen-thawed embryo transfer: a retrospec-
tive cohort study in a freeze-all setting. Acta Obstet Gynecol Scand.
2020;99(10):1303-10.



Diao et al. BMC Pregnancy Childbirth

26.

27.

28.

29.

30.

31

(2021) 21:487

Cimadomo D, Fabozzi G, Vaiarelli A, et al. Impact of maternal age

on oocyte and embryo competence. Front Endocrinol (Lausanne).
2018;29(9):327.

Vissers J, Hehenkamp W, Lambalk CB, Huirne JA. Post-caesarean section
niche-related impaired fertility: hypothetical mechanisms. Hum Reprod.
2020;35(7):1484-94.

Lousse JC, Defrere S, Van Langendonckt A, et al. Iron storage is
significantly increased in peritoneal macrophages of endometriosis
patients and correlates with iron overload in peritoneal fluid. Fertil Steril.
2009;91:1668-75.

Ben-Nagi J, Walker A, Jurkovic D, Yazbek J, Aplin JD. Effect of cesarean
delivery on the endometrium. Int J Gynaecol Obstet. 2009;106(1):30-4.
Moreno |, Codoner FM, Vilella F, et al. Evidence that the endometrial
microbiota has an effect on implantation success or failure. Am J Obstet
Gynecol. 2016;215:684-703.

Thurmond AS, Harvey WJ, Smith SA. Cesarean section scar as a cause

of abnormal vaginal bleeding: diagnosis by sonohysterography. J Ultra-
sound Med. 1999;18:13-6. quiz 17-18.

32.

33

34.

35.

Page 11 of 11

Reubinoff BE, Samueloff A, Ben-Haim M, Friedler S, Schenker JG, Lewin A.
Is the obstetric outcome of in vitro fertilized singleton gestations different
from natural ones? A controlled study. Fertil Steril. 1997,67(6):1077-83.
Sullivan EA, Chapman MG, Wang YA, Adamson GD. Population-based
study of cesarean section after in vitro fertilization in Australia. Birth.
2010;37(3):184-91.

Qin J, Liu X, Sheng X, Wang H, Gao S. Assisted reproductive technology
and the risk of pregnancy-related complications and adverse pregnancy
outcomes in singleton pregnancies: a meta-analysis of cohort studies.
Fertil Steril. 2016;105(1):73-85.e1-6.

Srebnik N, Miron-Shatz T, Rolison JJ, Hanoch Y, Tsafrir A. Physician recom-
mendation for invasive prenatal testing: the case of the ‘precious baby!
Hum Reprod. 2013;28(11):3007-11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

At BMC, research is always in progress.

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

Learn more biomedcentral.com/submissions




	Caesarean section defects may affect pregnancy outcomes after in vitro fertilization-embryo transfer: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients
	IVF protocol
	Pregnancy follow-up
	Observation indicators
	Statistical analysis

	Results
	General patient information
	Pregnancy outcomes after IVFICSI-ET
	Delivery outcomes after IVFICSI-ET

	Discussion
	Conclusion
	Acknowledgements
	References


