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Objective: Uterine scarring is risky for the pregnancy and is closely associated with adverse pregnancy outcomes. Here, we 
investigated risk factors and associated perinatal outcomes in singleton pregnant women with uterine scars.
Methods: This retrospective cohort study was conducted on singleton pregnant women who delivered at the West China Second 
University Hospital between January 1, 2021, and December 31, 2021.
Results: The control group included 13,433 cases without uterine scars. The study group involved 2397 cases with one previous 
cesarean delivery (PCD), 163 cases with two PCDs, 12 cases with three PCDs, and 184 cases with non-cesarean uterine scars. The 
study group had a significantly higher incidence of placenta previa (6.4%), placenta percreta (5.3%), preterm delivery (10.3%), 
postpartum hemorrhage (3.4%), uterine rupture (9.4%), hysterectomy (0.18%), and bladder injury (0.4%) when compared with the 
control group (P <0.05). The scarred uterus cases with 1, 2, or 3 PCDs had significantly different complications, with the higher PCD 
frequency correlating with increased rates of placenta previa, placenta percreta, postpartum hemorrhage, uterine rupture, and uterine 
resection. Moreover, the hospitalization time, cesarean operation time, and intrapartum bleeding in the current pregnancy significantly 
increased with increasing PCD frequency (P <0.05). Analysis of the association between the duration of the interval between PCD and 
re-pregnancy and pregnancy complication revealed that the incidence of pernicious placenta previa was statistically higher in cases 
with intervals of <2 years or ≥5 years (4.7%) than in cases with 2 years ≤ interval time <5 years (2.5%) (P <0.05).
Conclusion: Pregnancies with uterine scars may experience higher rates of adverse perinatal outcomes. This calls for increased 
observation during pregnancy and delivery to reduce maternal and fetal complications.
Keywords: scarred uterus, perinatal outcomes, singleton pregnancy, uterine rupture, pernicious placenta previa

Introduction
Uterine scars are often associated with a history of uterine surgery and are most common after cesarean delivery (CD). Other 
causes of uterine scars include myomectomy, cornual pregnancy resection, or uterine malformation correction. CD, a life-saving 
intervention, is central to resolving dystocia and serious pregnancy complications and therefore reduces maternal and child 
mortality and morbidity. The World Health Organization recommends that the ideal rate of CD should be between 10%–15%.1 

The improved safety of CD, advances in anesthetic techniques, and the wide availability of hysteroscopy and laparoscopy, have 
significantly increased the number of CDs and other uterine surgeries in women of reproductive age.2 Studies show that cesarean 
rates are rising globally, and they now account for >20% of all births.3 In China, the rate of cesarean section (CS) increased from 
28.8% to 34.9% between 2008 and 2014, and then to 36.7% in 2018, making it the highest among Asian countries.4 The steady 
increase in the rate of CDs is driven by various factors, including increased senile gravida, increased use of assisted reproductive 
technology (ART), and increased detection of fetal distress using electronic fetal heart monitors.5,6 The higher rates of CSs upon 
maternal request are attributable to limited knowledge of the advantages and disadvantages of CD by pregnant women and their 
families.7 As a result, an increasing proportion of women with a history of CS are having subsequent pregnancies. A retrospective 
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cohort study found that having a CS at the first delivery markedly increases the risk of repeat CS (with 97.3% of CSs being done 
on women with previous CS vs 13.2% in women without a previous CS), as well as fetal–maternal complications in subsequent 
pregnancies, especially in women with non-indicated CSs.8

Uterine myomas are common benign gynecological tumors that affect 3–10% of women of reproductive age.9 

Although uterine myomas are commonly treated using myomectomy, this operation may damage the uterus and affect 
subsequent pregnancies.10 Other procedures, such as cornual pregnancy resection and uterine malformation correction 
surgery, including uterine septum resection and residual horn hysterectomy, may increase the risk of uterine rupture and 
pelvic adhesion in subsequent pregnancies, thereby affecting maternal and child safety.11,12

Pregnancies with uterine scars are closely associated with adverse pregnancy outcomes. Clark and Silver found that long- 
term maternal morbidity is associated with repeat CD.13 This observation concurs with those of Getahun et al, who reported that 
previous CD is associated with an increased risk of placenta previa and placental abruption.14 Given the increase in new family 
planning policies in China, the increasing rate of pregnancies with uterine scars is becoming a significant health challenge.

In this study, we evaluated the risk factors and perinatal outcomes associated with uterine scarring in singleton pregnant 
women with the aim of identifying clinical management strategies that can improve maternal and neonatal outcomes.

Methods
This retrospective cohort study involves 16,189 cases of singleton pregnant women who delivered at the West China 
Second University Hospital, a tertiary hospital in western China, between January 1, 2021, and December 31, 2021. 
Ethical approval for the study was granted by the ethics committee of the West China Second University Hospital 
(approval no. 2023–043). The study authors reviewed the medical records of pregnant women (Figure 1).

Figure 1 Graphical representation of the population.
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Inclusion and Exclusion Criteria
Only singleton pregnant women with a delivery gestational ≥28 weeks were included in the study. Pregnant multigravida 
women, as well as those with severe medical and surgical complications, stillbirth, history of classical CS, delivery at 
<28 weeks of gestation, and those with missing medical records information, were excluded.

The study group involved patients with uterine scars, including patients with a history of lower transverse uterine 
incision CD or a history of myometrial surgery, such as myomectomy, cornual pregnancy resection, and correction of 
uterine malformation. Patients without uterine scars were included as the control group.

Data Collection
The following clinical data on the included patients were collected: age, gestational age, body mass indexes (BMI) of 
>30 (obesity), hospitalization time and cost, and perinatal outcomes, including preterm deliveries (PTDs), malpresenta
tion, premature rupture of membranes (PROM), placenta previa, placental abruption, pernicious placenta previa (PPP, 
where the placenta previa is attached to the lower uterine segment of the cesarean section scar, with or without placenta 
percreta),15 hypertensive disorder complicating pregnancy (HDCP), polyhydramnios, oligohydramnios, fetal growth 
restriction, assisted reproductive technology (ART), placenta accreta, postpartum hemorrhage (PPH), hysterectomy, 
abnormal fetal development, newborn birthweight and sex, and uterine rupture (including complete uterine rupture and 
uterine dehiscence). Complete uterine rupture is the rupture of the entire myometrium and the uterine cavity is connected 
to the abdominal cavity. Uterine dehiscence is the disruption of the uterine muscle with intact visceral peritoneum.16

Statistical Analyses
Quantitative normally distributed variables are expressed as mean ± SD. Statistical differences between two groups were 
compared using an independent t-test. Statistical differences between three groups were compared using one-way 
ANOVA. Non-normally distributed data (expressed as M [P25, P75]) were compared between two groups using the 
Mann–Whitney U-test, or between three groups using the Kruskal–Wallis test. Categorical variables were assessed using 
the chi-squared test, with continuity correction and Fisher’s exact test where appropriate. Fitting curve analysis and curve 
fitting were done using curvilinear regression analysis. Statistical analyses were done on SPSS version 24.0 (SPSS Inc., 
Chicago, IL, USA). P <0.05 indicated statistically significant differences.

Results
The study involved 16,189 pregnant women and of these, 2756 (17.0%), who had scarred uteri formed the study group, 
whereas the 13,433 (83.0%) with unscarred uteri formed the control group. The study group included 2397 cases with 
one PCD, 163 cases with two PCDs, 12 cases with three PCDs, and 184 cases with non-cesarean-associated uterine scars. 
In the cases with cesarean-associated uterine scars, the interval between the last menstrual period of the current 
pregnancy and the previous CD ranged from 5 months to 21 years. In cases with non-cesarean uterine scars, the interval 
time between the last menstrual period of the current pregnancy and the previous operation ranged from 2 months to 19 
years. In the study group, based on ultrasound measurement (up to 3 days before pregnancy termination), the thickness of 
the lower uterine scar muscle layer ranged from 0.6 mm to 5.5 mm.

In the study group, uterine rupture occurred in 258 cases (9.4%). Of these, five cases had complete uterine rupture, whereas 
253 cases had uterine dehiscence. Of the 258 uterine rupture cases, 43 (16.7%) had a suspected risk of uterine rupture due to 
preoperative pressure pain in the lower uterine segment, while 215 cases (83.3%) were identified during the CS. Uterine rupture 
occurred in 23 (18.1%, 23/127) cases with an interval of <2 years from the previous CD when compared with 235 cases (9.6%, 
235/2445) with an interval of ≥2 years from the previous CD (χ2 = 9.662, P = 0.002). Based on ultrasound measurements, the 
thickness of the lower uterine scar muscle layer ranged from 0.9 mm to 4.0 mm in pregnant women with uterine rupture.

CS re-delivery in cases with uterine scarring predisposes to intraoperative organ injury, especially bladder injury. Of the 2756 
cases in the study group, 11 (0.4%) had bladder injury during the operation and underwent bladder repair, including one case that 
had undergone laparotomy myomectomy, one case with two previous CDs, and nine cases with one previous CD.
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Demographics and Perinatal Outcomes in Women with and without Uterine Scarring
Demographic data analysis revealed that age, delivery age, hospitalization time, hospitalization cost, and newborn 
birthweight differed significantly in the study vs control groups (P <0.05, Table 1).

The incidence of placenta previa, placenta percreta, PTDs, PPH, uterine rupture, meconium-stained amniotic fluid 
(MSAF), hysterectomy, and bladder injury was significantly higher in the study group (scarred uterus) than in the control 
group (unscarred uterus) (P <0.05). In contrast, the incidence of PROM, placental abruption, oligohydramnios, FGR, and 
ART was significantly higher in the control group than in the study group (P <0.05). Malpresentation, HDCP, anemia, 
hypothyroidism, arrhythmia, and neonatal sex did not differ significantly between the two groups (P >0.05). Detailed 
information on perinatal outcomes is shown in Table 1.

Table 1 Demographics and Perinatal Outcomes in Women with and without Scarred Uteri

Scarred Uteri n (%) Unscarred Uteri n (%) P value

2756 (17.0) 13,433 (83.0)

Demographic outcomes
Age (years) 34.0 ± 3.6 30.9 ± 3.7 < 0.001a,*
Delivery age 38.1 ± 1.6 39.3 ± 3.6 < 0.001a,*

Birth weight (g) 3227.8 ± 548.9 3206.3 ± 469.6 0.034a,*
Hospitalization costs (yuan) 14,733.6 (13,214.7, 16,772.9) 12,504.2 (9072.1, 15,430.7) < 0.001b,*

Hospitalization time (days) 4 (4, 5) 4 (2, 5) < 0.001b,*

Maternal complications
HDCP 135 (4.9) 587 (4.4) 0.221c

ICP 120 (4.4) 429 (3.2) 0.002c

DM (GDM and PGDM) 704 (25.5) 2701 (20.1) < 0.001c,*
Obesity 54 (2.0) 157 (1.2) 0.001c,*

Anemia 446 (16.2) 2029 (15.1) 0.152c

Hypothyroidism 312 (11.3) 1672 (12.4) 0.101c

Arrhythmia 152 (5.5) 791 (5.9) 0.446c

ART 134 (4.9) 1700 (12.7) < 0.001c,*

Fetal complications
Placenta previa 177 (6.4) 255 (1.9) < 0.001c,*

Placenta percreta 147 (5.3) 130 (0.97) < 0.001c,*

Placental abruption 27 (1.0) 218 (1.6) 0.012c,*
PROM 279 (10.1) 3278 (24.4) < 0.001c,*

PTDs 284 (10.3) 908 (6.8) < 0.001c,*

Malpresentation 167 (6.1) 712 (5.3) 0.109c

Oligohydramnios 33 (1.2) 451 (3.4) < 0.001c,*

Polyhydramnios 92 (3.3) 323 (2.4) 0.005c

MSAF 100 (3.6) 175 (1.3) < 0.001c,*
FGR 24 (0.9) 193 (1.4) 0.019c,*

Abnormal fetal development 512 (18.6) 998 (7.4) < 0.001c,*

Neonatal sex Male 1471 Male 7214 0.752c

Female 1285 Female 6219

Labor complications
PPH 94 (3.4) 230 (1.7) < 0.001c,*
Uterine rupture 258 (9.4) 7 (0.05) < 0.001c,*

Hysterectomy 5 (0.18) 6 (0.04) 0.035d,*

Bladder injury 11 (0.4) 2 (0.01) < 0.001d,*

Notes: aIndependent sample t-test; bMann–Whitney U-test; cchi-squared test; d Fisher’s exact test; *P <0.05. 
Abbreviations: HDCP, hypertensive disorder complicating pregnancy; ICP, intrahepatic cholestasis of pregnancy; DM, diabetes 
mellitus; GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus; ART, assisted reproductive technology; PROM, 
premature rupture of membranes; PTDs, preterm deliveries; MSAF, meconium-stained amniotic fluid; FGR, fetal growth restriction; 
PPH, postpartum hemorrhage.
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Perinatal Outcomes in Women with Cesarean-Associated and Non-Cesarean- 
Associated Uterine Scarring
Uterine rupture (including complete and incomplete uterine rupture) occurred in 258 cases with cesarean-associated 
uterine scarring. The rate of uterine rupture in women with cesarean-scarred pregnancies was 10.1% (258/2572). No 
cases of uterine rupture were observed in those with non-cesarean-scarred uteri. The other perinatal conditions and 
pregnancy outcomes did not differ significantly between the cesarean-scarred and non-cesarean-scarred uteri groups 
(P >0.05). Our analysis found that five cases (0.19%, 5/2572) with cesarean-scarred uteri underwent hysterectomy due to 
PPP. Detailed information is presented in Table 2.

Perinatal Outcomes of Women with Scarred Uteri and Varying Frequencies of 
Previous CDs
Among patients with a history of one CD, there were 24 cases of placental abruption (1.0%, 24/2397) and 31 cases of 
oligohydramnios (1.3%, 31/2397). There were no cases of placental abruption and oligohydramnios in patients with a history 
of two and three CDs.

Analysis of the incidence of placenta previa, placenta percreta, PTDs, PPH, uterine rupture, anemia, malpresentation, and 
hysterectomy revealed that they differed significantly with the number of CDs (P <0.05), with the incidence of adverse 
pregnancy outcomes, including placenta previa and placenta implantation, increasing significantly as the number of CDs 

Table 2 Perinatal Outcomes Between the Cesarean Scarred Uterus and Non-Cesarean 
Scarred Uterus

Total (n = 2756) Cesarean  
Scarred Uteri n (%)

Non-Cesarean  
Scarred Uteri n (%)

P value

2572 (93.3) 184 (6.7)

Delivery age 38.1 ± 1.5 38.2 ± 1.8 0.389a

Maternal complications
HDCP 125 (4.9) 10 (5.4) 0.727c

ICP 112 (4.3) 8 (4.3) 0.997c

DM (GDM and PGDM) 658 (25.6) 46 (25.0) 0.861c

Hypothyroidism 284 (11.0) 28 (15.2) 0.084c

Arrhythmia 142 (5.5) 10 (5.4) 0.961c

Fetal complications
Placenta previa 170 (6.6) 7 (3.8) 0.134c

Placenta percreta 139 (5.4) 8 (4.3) 0.538c

Placental abruption 24 (0.9) 3 (16.3) 0.589b

PROM 254 (9.9) 25 (13.6) 0.107c

PTDs 269 (10.5) 15 (8.2) 0.320c

Malpresentation 150 (5.8) 17 (9.2) 0.061c

Oligohydramnios 31 (1.2) 2 (1.1) 1.000 b

Polyhydramnios 89 (3.5) 3 (16.3) 0.182c

MSAF 89 (3.5) 11 (6.0) 0.078c

FGR 22 (0.8) 2 (1.1) 1.000b

N ICU 129 (5.0) 7 (3.8) 0.464c

Labor complications
PPH 88 (3.4) 6 (3.3) 0.908c

Uterine rupture 258 (10.03) 0 < 0.001c,*

Hysterectomy 5 (0.2) 0 1.000c

Notes: aIndependent samples t-test; bFisher’s exact test; cchi-squared test; *P <0.05. 
Abbreviations: HDCP, hypertensive disorder complicating pregnancy; ICP, intrahepatic cholestasis of pregnancy; 
DM, diabetes mellitus; GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus; PROM, pre
mature rupture of membranes; PTDs, preterm deliveries; MSAF, meconium-stained amniotic fluid; FGR, fetal growth 
restriction; NICU, neonatal intensive care unit; PPH, postpartum hemorrhage.
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increased. Moreover, the rate of hospitalization time, operation time, and intrapartum hemorrhage in the re-pregnant women 
differed significantly with the history of pregnancy termination by CD (P <0.05). However, PROM, HDCP, MSAF, intrahepatic 
cholestasis of pregnancy, hypothyroidism, arrhythmia, fetal abnormality, and ART did not differ significantly with the number of 
CDs (P >0.05). Detailed information is shown in Table 3.

Relationship Between Cesarean-Scarred Uteri and Pernicious Placenta Previa
Of the 2572 pregnant women with cesarean-scarred uteri, 104 (4.0%) had PPP, 76 (3.0%) had placenta accreta, 47 (1.8%) had 
postpartum hemorrhage (average blood loss: 1488.6 ± 1322.6 mL, including one case of hemorrhagic shock blood loss of 
7590 mL), and five (0.2%) had undergone hysterectomy. In women with one, two, and three previous CDs, the incidence of 
PPP was 3.5% (83/2397), 11.7% (19/163), and 16.7% (2/12), respectively. PPP and non-pernicious placenta previa correlated 
significantly with the number of CDs, pregnancies, and deliveries (P <0.05). The results are shown in Table 4.

The patients were divided into 11 groups based on the interval between the last menstrual period of the current 
pregnancy and the previous CS. The proportion of PPP varied with the re-pregnancy interval and was ranked by 
incidence rate (Table 5). Fitting curve analysis and curve fitting were done using curvilinear regression analysis. All 
four curve fitting models were statistically significant and the fitting effect was satisfactory (linear: R2 = 0.959, F = 

Table 3 Perinatal Outcomes in Scarred Uteri with Different Numbers of Cesarean Delivery

Total One Previous  
CD n (%)

Two Previous  
CDs n (%)

Three Previous  
CDs n (%)

P-value

2572 2397 163 12

Demographic outcomes
Delivery age / 38.2 ± 1.4 37.6 ± 1.6 35.6 ± 2.2 < 0.001a,*
Birth weight (g) / 3248.3 ± 546.3 3142.4 ± 495.6 2763.3 ± 407.8 < 0.001a,*

Hospitalization time (d) / 4 (4, 5) 4 (4, 6) 4 (3, 8) < 0.001b,*

Operation time (min) / 48 (40, 59) 55 (45, 66) 54 (46, 94) < 0.001b,*
Intrapartum hemorrhage (mL) / 400 (400, 400) 400 (400, 500) 400 (325, 850) 0.001b,*

Maternal complications
HDCP 123 (4.8) 113 (4.7) 9 (5.5) 1 (8.3) 0.436c

ICP 113 (4.4) 106 (4.4) 6 (3.7) 1 (8.3) 0.561c

DM (GDM and PGDM) 658 (25.6) 597 (24.9) 56 (34.4) 5 (41.7) 0.011c,*
Anemia 433 (16.8) 390 (16.3) 38 (60.3) 5 (41.7) 0.004c,*

Hypothyroidism 289 (11.2) 268 (11.2) 20 (12.3) 1 (8.3) 0.884c

Arrhythmia 140 (5.4) 131 (5.5) 9 (5.5) 0 1.000c

ART 92 (3.6) 88 (3.7) 4 (2.5) 0 0.690c

Fetal complications
Placenta previa 170 (6.6) 146 (6.1) 22 (13.5) 2 (16.7) 0.001c,*
Placenta percreta 139 (5.4) 117 (4.9) 19 (11.7) 3 (25.0) < 0.001c,*

PROM 254 (9.9) 245 (10.2) 8 (4.9) 1 (8.3) 0.064c

PTDs 269 235 (9.8) 27 (16.6) 7 (58.3) < 0.001c,*
Malpresentation 149 (5.8) 131 (5.5) 16 (9.8) 2 (16.7) 0.019c,*

Polyhydramnios 89 (3.5) 78 (3.3) 11 (6.7) 0 0.089c

MSAF 89 (3.5) 86 (3.6) 2 (1.2) 1 (8.3) 0.124c

FGR 22 (0.8) 18 (0.8) 4 (2.5) 0 0.107c

Abnormal fetal development 128 (5.0) 116 (4.8) 10 (6.1) 2 (16.7) 0.116c

Labor complications
PPH 90 (3.5) 70 (2.9) 17 (10.4) 3 (25.0) < 0.001c,*

Uterine rupture 258 (10.0) 221 (9.2) 32 (19.6) 5 (41.7) < 0.001c,*

Hysterectomy 5 (0.2) 2 (0.08) 2 (1.2) 1 (8.3) 0.001c,*

Notes: aANOVA; bKruskal–Wallis test; cFisher’s exact test; * P <0.05. 
Abbreviations: HDCP, hypertensive disorder complicating pregnancy; ICP, intrahepatic cholestasis of pregnancy; DM, diabetes mellitus; GDM, gestational 
diabetes mellitus; PGDM, pregestational diabetes mellitus; ART, assisted reproductive technology; PROM, premature rupture of membranes; PTDs, preterm 
deliveries; MSAF, meconium-stained amniotic fluid; FGR, fetal growth restriction; PPH, postpartum hemorrhage.
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212.909, P =0.000; logarithm: R2 = 0.959, F = 212.783, P =0.000; quadratic: R2 = 0.988, F = 332.840, P = 0.000; power 
function: R2 = 0.989, F = 216.208, P = 0.000; Figure 2).

The patients were divided into two groups based on the interval between the previous cesarean section and re- 
pregnancy: cases with 2 years ≤ interval time <5 years (725 cases) and cases with interval time <2 years or ≥5 years 
(1847 cases). The incidence of PPP in the two groups was as follows: 2.5% (18/725) and 4.7% (86/1847) and the PPP 
incidence differed significantly between the two groups (χ2 = 6.339, P <0.05).

Table 4 Characteristics of Pregnant Women with Cesarean-Scarred Uteri and 
Pernicious Placenta Previa

PPP  
(n = 104)

Non-PPP  
(n = 2468)

P value

Age

<35 years 36 (34.6) 1070 (43.4) 0.078a

≥35 years 68 (65.4) 1398 (56.6)

Number of cesarean deliveries

1 83 (79.8) 2314 (93.8) < 0.001b,*
2 19 (18.3) 144 (5.8)

3 2 (1.9) 10 (0.4)
Number of pregnancies

2 13 (12.5) 888 (36.0) < 0.001a,*

3 24 (23.1) 699 (28.3)
≥4 67 (64.4) 881 (35.7)

Number of deliveries

1 80 (76.9) 2281 (92.4) < 0.001b,*
2 18 (17.3) 174 (7.1)

≥3 6 (5.8) 13 (0.5)

Number of abortions
0 27 (26.0) 919 (37.2) 0.002a,*

1 20 (19.2) 619 (25.1)

≥2 57 (54.8) 930 (37.7)

Notes: aChi-squared test; bFisher’s exact test, *P <0.05. 
Abbreviation: PPP, pernicious placenta previa.

Table 5 The Relationship Between the Time of the Second Pregnancy and the Occurrence of 
Pernicious Placenta Previa

Interval Time (y) Total  
2572 n (%)

PPP  
104 n (%)

Non-PPP  
2468 n (%)

Incidence  
of PPP (%)

0 18 (0.7) 1 (1.0) 17 (0.7) 5.56
1 114 (4.4) 4 (1.0) 110 (4.5) 3.60

2 324 (12.6) 9 (8.7) 315 (12.8) 2.78

3 155 (6.0) 3 (2.9) 152 (6.1) 1.94
4 246 (9.6) 6 (5.8) 240 (9.7) 2.44

5 344 (13.4) 16 (14.4) 328 (13.3) 4.37

6 207 (8.0) 9 (8.7) 198 (8.0) 4.35
7 266 (10.3) 13 (12.5) 253 (10.3) 4.89

8 202 (7.9) 10 (9.6) 192 (7.8) 4.95

9 255 (9.9) 10 (9.6) 245 (9.9) 3.92
≥ 10 441 (17.1) 23 (26.0) 418 (16.9) 5.17

Abbreviation: PPP, pernicious placenta previa.
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Vaginal Delivery in Cases with Scarred Uteri
In the study group, there were 2683 cases (97.35%, 2683/2756) of CD, and 73 cases (2.65%, 73/2756) had successful 
vaginal birth (the number of women who underwent vaginal trial of labor with scarred uteri was 79), including 57 cases 
of vaginal delivery after one CS and 16 cases of vaginal delivery with non-cesarean scarred uteri. All cases with two and 
three previous CDs were terminated by CD.

Among the 73 cases of successful vaginal delivery, 64 (87.7%) had spontaneous labor and nine underwent cervical 
ripening and induced labor, including using a COOK balloon, artificial membrane rupture, and oxytocin induction.

Six women, who underwent vaginal trials of labor after CS, were transferred to emergency cesarean sections during labor. Of 
these women, three were transferred because they required CS, one because of fetal head descending stagnation, one because of 
suspected fetal distress, and one because bloody amniotic fluid was observed with incomplete uterine rupture during the operation.

In the scarred uteri group, hospitalization time and cost, intrapartum hemorrhage, and neonatal weight differed 
significantly in women who underwent vaginal delivery vs those who underwent CS (P <0.05). However, neonatal 5 min 
Apgar scores did not differ significantly (P >0.05, Table 6).

Figure 2 Fitted curve of the interval between re-pregnancy and incidence of pernicious placenta previa.

Table 6 Comparison of the Perinatal Outcomes of Cesarean Delivery vs Vaginal Delivery in 
Pregnancies with Scarred Uteri

Cesarean Delivery Vaginal Delivery P value

Cases (n) 2683 73

Hospitalization time (d) 4 (4, 5) 2 (2, 4) < 0.001a,*

Hospitalization costs (yuan) 14,778.4 (13,291.2, 16,803.1) 8997.9 (5359.2, 14,728.8) < 0.001a,*
Intrapartum hemorrhage (mL) 400 (400, 400) 260 (200, 315) < 0.001a,*

Neonatal weight (g) 3235.3 ± 541.7 2951.2 ± 720.8 < 0.001b,*
5 min Apgar score 9.9 ± 0.2 9.9 ± 0.6 1.000b

Notes: aMann–Whitney U-test; bIndependent samples t-test; *P <0.05.
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Discussion
Previous studies have found that in subsequent pregnancies, women with uterine scarring are at increased risk of adverse 
perinatal outcomes, such as placenta previa, placenta percreta, uterine rupture, postpartum hemorrhage, preterm birth, 
neonatal infection, hypoxic–ischemic encephalopathy, and meconium aspiration syndrome.8,14,17,18 Additionally, the 
incidence of preterm birth, placenta previa, placenta percreta, postpartum hemorrhage, uterine rupture, and hysterectomy 
increased with the number of cesarean sections (CSs), which is consistent with previous reports.19,20 In the present study, 
we observed that uterine scarring is associated with an increased risk of adverse perinatal outcomes, including preterm 
delivery, placenta previa, placenta percreta, postpartum hemorrhage, and uterine rupture, which is consistent with 
previous findings. Moreover, our analyses revealed that the incidence of premature rupture of membranes (PROM) 
was higher in unscarred uteri (control group), which is consistent with the study by Hu et al.8 However, Getahun et al 
found an increased risk of placental abruption in scarred uteri,14 which is consistent with our observation that placental 
abruption was high in the unscarred uteri group. This is probably because planned elective CSs were chosen more often 
by patients in the scarred uteri group, while the control group contained a higher number of women who underwent 
spontaneous vaginal delivery, and who were likely to have premature rupture of membranes and placental abruption 
while waiting for natural labor and contraction. Therefore, the incidence of premature rupture of membranes and 
placental abruption was relatively high in the control group.

Although several past studies have shown that uterine scarring is strongly associated with adverse pregnancy 
outcomes, in recent decades the use of CS has increased worldwide.3 Our study revealed that the incidence of uterine 
scarring in the study group was 17.0% (2756/16,189) and that uterine scarring was mainly associated with CSs, which 
accounted for 93.3% (2572/2756) of the cases. The rate of repeat CS deliveries was 97.4% (2683/2756) in cases with 
scarred uteri, which is consistent with a previous retrospective cohort study.5 In China, a high proportion of first-time 
cesarean deliveries (CDs) are performed upon maternal request without medical indications. According to a 2010 study 
published in The Lancet, 25% of the CSs carried out in China are not for medical reasons.21 In 2018, the American 
College of Obstetricians and Gynecologists (ACOG) cited a large case study in Shanghai, China, which found that 24.7% 
of pregnant women had medically unindicated CD.22 Therefore, reducing the rate of unindicated CD and the overall rate 
of CD is key to reducing the incidence of scarred uterine pregnancies, as well as the associated adverse maternal and 
infant pregnancy outcomes.23

PPP is one of the most dangerous CS-associated pregnancy complications.15 Chen et al reported that in China, the 
incidence of PPP ranges from 0.31% to 0.89%.24 In this study, we found that the PPP proportion at our hospital was 
4.0%, which was higher than is reported in the literature. This discrepancy may be because our hospital is a tertiary 
hospital in western China, and most of the patients with PPP were transferred there from other hospitals. Additionally, we 
found the PPP incidence to be higher in patients with a cesarean scar on their uterus at intervals of <2 years or ≥5 years 
than those at intervals of ≥2 years or <5 years. Probably because of the short interval between pregnancies, tender 
granulation tissue, fibrous tissue at the uterine incision, extensive tender connective tissue between smooth muscle cells, 
poor muscularization of the uterine scar during re-pregnancy, and the lack of elasticity at the scar. These factors can 
easily cause uterine rupture during late pregnancy or delivery.25,26 Additionally, the gestational sac may enter the 
muscular layer through tiny fissures on the scar, and there is a high risk of placental adhesion and accreta.27

In this study, the incidence of uterine rupture in re-pregnant women with an interval of <2 years after the previous CS 
was significantly higher than in women with an interval of ≥2 years (18.1% vs 9.6%). Previous studies have associated 
both short and long interpregnancy intervals with several adverse pregnancy outcomes in cases with scarred uteri. 
A single-center analysis of the relationship between gestational interval and adverse pregnancy outcomes in women who 
had re-pregnancy after CS associated long gestational intervals (>5 years) with increased risk of preterm delivery, 
PROM, and HDCP, whereas short gestational intervals (<1 year) was associated with higher risk of PTDs. Moreover, the 
risk of adverse pregnancy outcomes did not differ significantly between those with intervals of 13–24 months and 25–60 
months.28 Furthermore, Gonzalez29 and Bujold30 found that the risk of uterine rupture, placenta previa, placenta accreta, 
and placental abruption was lowest in women with intervals of 18–24 months. Schummers also suggested that short 
interpregnancy intervals were associated with an increased risk of adverse pregnancy outcomes in women of all ages.31 
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Considering the fertility of older women, the Chinese expert consensus recommends that older women with CS- 
associated scarred uteri should get pregnant again within 12–24 months of surgery.32

Although we did not identify any cases of uterine rupture in cases with myomectomy-associated scarred uterine 
pregnancies, there is still a risk of uterine rupture in post-myomectomy pregnancies.33 Women with very short post
operative intervals between pregnancies are prone to uterine rupture, whereas women with very long intervals are prone 
to fibroid recurrence. Therefore, comprehensive case-by-case assessments are recommended. The recommended interval 
between re-pregnancies ranges from 6 months to 2 years.34,35 Additionally, pregnancies after cornual pregnancy resection 
and hysteroplasty have a higher uterine rupture risk and a higher risk of pregnancy. Regrettably, there is no evidence- 
based medical guidance for the optimal pregnancy interval after cornual pregnancy resection and hysteroplasty.

In recent years, vaginal delivery after re-pregnancy with uterine scarring has gained attention. In this study, 73 cases 
with scarred uteri had successful vaginal deliveries, accounting for 92.4% (73/79). Previous studies have found that 
repeat CS is unnecessary for women with only one previous transverse CS or subserosal or submucosal myomectomy 
without myometrial injury.36,37 Vaginal birth has many benefits, such as faster recovery, potentially fewer risks in future 
pregnancies, and lower risk of childhood diseases, like asthma, allergies, and obesity.38 Hence, after strict risk assess
ment, the vaginal trial of labor is both safe and feasible for women with scar re-pregnancy.39–41

Previous studies indicate that the incidence of uterine rupture during vaginal delivery in patients with previous CD 
with transverse incision of the lower segment of the uterus is only 0.1%–1.5%.42,43 In this study, only one pregnant 
woman underwent emergency CD due to suspected uterine rupture. However, the short- and long-term risks of CD, 
including anesthesia accidents, severe bleeding, infection, adhesion injury, and increased risk of future pregnancy 
complications, such as uterine scar pregnancy, uterine rupture, dangerous placenta previa, and uterine scar diverticulum, 
cannot be ignored. Moreover, there is no evidence that CS for women who do not meet the indications has any benefits to 
the mother or child.44,45 Nevertheless, the relationship between uterine rupture and lower uterine thickness remains 
controversial and there are no guidelines on how to predict the risk of uterine rupture based on the lower uterine segment 
thickness. Based on previous reports, the cut-off values of the full and muscular thicknesses of the lower uterine segment 
are 2.0–3.5 mm and 1.4–2.0 mm, respectively.46,47 A prospective observational study of women with one prior low- 
transverse CS and a singleton gestation, who underwent a trial of labor, found an increased risk of uterine rupture after 
labor induction only in women with no prior vaginal delivery (1.5% vs 0.8%, P = 0.02).48

Regarding the timing of pregnancy termination, current studies recommend elective CD for re-pregnancy in women 
with a history of one CD after 39 weeks, except for those with placenta previa, placenta accreta, and other conditions that 
require emergency CD. In contrast, the optimal delivery time for women with a history of two previous CDs remains 
controversial, with some studies suggesting that elective delivery at 38–39 weeks likely represents the optimal balance 
between neonatal and maternal risk, while decreasing the likelihood of unplanned CD for women with two CDs. Elective 
CD is feasible at 38 weeks in pregnant women with scarred uteri, such as myomectomy-associated scarring.49,50

To manage re-pregnancies with scarred uteri, it is necessary to formulate a continuous management system before, during, 
and after pregnancy to improve maternal and infant outcomes. Attention should be paid to the following aspects. (1) Women 
with scarred uteri should be evaluated before re-pregnancy, including to determine the risk associated with re-pregnancy and to 
evaluate the information about operation time, operation method, and perioperative conditions of the previous operation. In 
cases where the scar is poorly healed, the incision diverticulum or the defect is large, or the residual muscle layer thickness of 
the defect is thin, it is important to wait for the scar to heal or perform surgical repair before planning pregnancy. (2) It is also 
important to carefully screen for cesarean scar pregnancies during early pregnancy. Once diagnosed as a cesarean scar 
pregnancy, it is recommended that the pregnancy be terminated as soon as possible to minimize the risk of massive bleeding or 
uterine rupture.51–53 (3) The risk of placenta previa, placenta accreta, and uterine rupture increases significantly in women with 
scarred uteri re-pregnancies. The occurrence of uterine rupture, PPP, placenta accreta, and other complications should be 
recognized in early pregnancy, and the possibility of vaginal delivery in case of re-pregnancy with scarred uteri should be 
evaluated during pregnancy. (4) For patients with PPP and placenta accreta, an individualized multidisciplinary collaborative 
treatment plan should be formulated according to the standard diagnosis and treatment process, and the pregnancy should be 
terminated promptly. (5) Moreover, postpartum hemorrhage, thrombosis, pelvic and abdominal adhesion, as well as other 
related complications should be monitored closely.
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To the best of our knowledge, this is one of a few studies that have comprehensively studied the association between 
scarred and unscarred uteri. Our study included a comparison of perinatal outcomes of scarred uteri with different causes 
and a comparison of the perinatal outcomes of second pregnancies after different CSs. In addition, we analyzed the risk 
factors underlying pernicious placenta previa after CS and the perinatal outcome of vaginal delivery in women with 
scarred uteri. However, because this is a single-center retrospective case study, our findings should be validated using 
larger sample sizes in prospective randomized controlled multicenter studies.

Conclusions
Our data indicate that pregnancy with uterine scarring is associated with increased adverse perinatal outcomes. This calls 
for increased monitoring during pregnancy and delivery to reduce the risk of maternal and fetal complications.
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