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Abstract

Background: Complete uterine rupture can lead to serious adverse maternal and child outcomes. Uterine rupture is rare, and it can occur
in an intact uterus. Methods: We identified patients with intact uterus who encountered uterine rupture between 2010 and 2020 from
the medical records of 10 hospitals in Sichuan Province. Results: In total, 37 cases of uterine rupture in intact uteri were identified.
Eight ruptures (8/37, 21.6%) occurred before spontaneous labor, 11 ruptures (11/37, 29.7%) occurred during spontaneous labor, and 18
ruptures (18/37, 48.6%) occurred during induced labor. The clinical manifestations of the patients were abdominal pain in 20 cases
(20/37, 54.1%), vaginal bleeding in three cases (3/37, 8.1%), and abdominal pain and vaginal bleeding in eight cases (8/37, 21.6%). The
rate of hysterectomy/death was significantly higher in patients with more than three previous vaginal deliveries (p = 0.005). In addition,
the rate of hysterectomy/death in the spontaneous labor group was significantly higher than that in the induced labor group (p = 0.011).
The fetal survival rate in patients with uterine rupture at the uterine horn was significantly higher than that in patients with uterine rupture
at the lower uterine segment (p = 0.007). Conclusions: Uterine rupture in an intact uterus was associated with a high hysterectomy rate
and high fetal/neonatal mortality rate. For pregnant women with sudden abdominal pain and abnormal fetal heart rate, we should be
alert to the possibility of uterine rupture. Induction and augmentation of labor need to be performed with caution to avoid this potential
obstetric emergency.
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1. Introduction
Complete uterine rupture is defined as a clinically ap-

parent, complete separation of all layers of the uterus, oc-
curring during or before labor [1]. It is a severe obstetric
complication that can lead to serious adverse maternal and
child outcomes, resulting in a huge social and economic
burden. The incidence of complete uterine rupture has in-
creased over recent decades. Al-Zirqi et al. [2] reported
that the incidence of uterine rupture increased sharply from
0.9 per 10,000 pregnancies in 1978–1988 to 6.1 per 10,000
pregnancies in 2000–2008 in Norway. Yu-Hsing et al.
[3] reported a prevalence of 8.4 per 10,000 births in New
Zealand over the past decade. However, the real incidence
of uterine rupture is difficult to determine, and it varies
widely worldwide.

Previous reports have suggested that a scarred uterus
after previous cesarean section is the most common risk
factor for uterine rupture [4,5]. Traditionally, primigravida
and an intact uteri have been considered as the protective
factors against uterine rupture. Generally, previous stud-
ies have focused on the clinical features and outcomes of
uterine rupture in scarred uteri, and very few studies have
explored the intact uteri [6–8]. However, a uterine rupture
can occur in cases of intact uteri without apparent predis-
posing factors. Previous studies have demonstrated poor
maternal morbidity rates when uterine rupture occurs in an

intact uteri [9,10]. Examining the possible role of certain
risk factors and elucidating the outcome of uterine rupture
in intact uteri may provide deeper insights into the safety
and efficacy of our current obstetric practices. Owing to the
rarity of the occurrence of uterine rupture, there is a paucity
of literature describing its clinical features and outcomes,
especially in intact uteri [11]. Previous publications on the
risk of uterine rupture in intact uteri are mostly case reports.
Therefore, the present study intended to elucidate the clin-
ical characteristics and prognosis of complete uterine rup-
ture in patients from 10 areas of Sichuan Province in the
most recent 10 years, so as to provide a reference for the
clinical diagnosis and treatment of uterine rupture.

2. Materials and Methods
Based on the gross domestic product, 21 cities (pre-

fectures) in Sichuan Province are divided into three levels
of economic development: high (5 prefectures), medium
(11 prefectures), and low (5 prefectures). We selected half
of the areas from each group to participate in the survey.
After contacting the hospitals in the target region, a total of
10 regions were willing to cooperate, and one hospital from
each region was selected for investigation, with the number
of deliveries ranging from <500/year to ≥5000/year.
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The medical records of patients with complete uterine
rupture between 2010 and 2020 were retrieved from 10 hos-
pitals in Sichuan Province. The data were extracted as fol-
lows: first, data were extracted from the hospital database,
and the cases of complete uterine rupture in intact uteri were
identified by manually reviewing the medical records. We
designed the case report form (CRF) in advance, modified
it through pre-experiment, and used it after improvements.
CRFs were distributed to the 10 hospitals for data collec-
tion. The data were collected by obstetricians from the
participating medical units. The completed CRFs were re-
turned electronically, and the data from the CRFs were ana-
lyzed. The study has been conducted according to the prin-
ciples expressed in the Declaration of Helsinki. Data were
anonymized and de-identified before analysis, and there-
fore, informed consent was not required.

A complete uterine rupture was defined as the tear-
ing of all layers of the uterine wall, including the serosa
and amniotic membranes. The data collected included de-
mographic data, clinical characteristics, and maternal and
neonatal outcomes. The demographic data included mater-
nal age, gestational age, parity, and the number of artifi-
cial abortions. The data for clinical characteristics included
labor status, whether there was induction or other mode of
labor introduction, clinical symptoms, fetal antenatal moni-
tor and color Doppler ultrasonic examination, and the loca-
tion of uterine rupture. Maternal outcomes included uter-
ine neoplasty, hysterectomy, and death. Infant outcomes
included intrapartum/infant death or survival. Intrapartum
death was defined as intrauterine fetal death during labor.
Infant death was defined as death after birth until 1 month
of age (excluding deaths due to congenital malformations).

Statistical Analyses
Data analyses were performed using SPSS 26.0 Statis-

tics (IBM Corp., Armonk, NY, USA). Absolute number
(n) and percentage frequency (%) distribution were used
to evaluate the distribution of the parameters. Quantitative
data are presented as means ± standard deviations (SDs).
To test statistical significance, chi-square test was used for
categorical variables and Student’s t-test was used for con-
tinuous variables. The level of significance was set at p <

0.05.

3. Results
We identified 37 patients with uterine rupture in intact

uteri. The median age of the patients was 31.4 ± 6.4 years
(range, 18–44 years). Among them, 13 (13/37, 35.1%)were
more than 35 years old, and 24 (24/37, 64.9%) were less
than 35 years old. The median gestation period was 34.6
± 5.4 weeks. The gestational age ranged from 20 weeks
to 41 weeks. Among 37 women, two (2/37, 5.4%) were at
the gestational age of less than 28 weeks, 17 (17/37, 45.9%)
were between 28 and 36 weeks, and 18 (18/37, 48.6%) were
at more than 37 weeks. Four women were those with first-

time pregnancy. The maximum gravida was eight. Fif-
teen women (15/37, 40.5%) had a previous vaginal deliv-
ery, and two had five previous vaginal deliveries. Twenty-
five women (25/37, 67.6%) had undergone previous uter-
ine curettage. The maximum number of uterine curettages
was six. Among the 37 cases of uterine rupture in intact
uteri, 8 (8/37, 21.6%) occurred before spontaneous labor, 11
(11/37, 29.7%) occurred during spontaneous labor, and 18
(18/37, 48.6%) occurred during the induction of labor. The
demographic characteristics of women with uterine rupture
in intact uteri are presented in Table 1.

Table 1. Demographic of the uterine ruptures of intact
uterine.

Demographic n (%)
age (n = 37)

≥35 13 (35.1)
<35 24 (64.9)

Gestational age (n = 37)
<28 weeks 2 (5.4)
28–36 weeks 17 (45.9)
≥37 weeks 18 (48.6)

Previous vaginal delivery (n = 37)
0 22 (59.5)
≥1 15 (40.5)

Previous uterine curettage (n = 37)
0 12 (32.4)
≥1 25 (67.6)

The clinical manifestations of the patients included ab-
dominal pain in 20women (20/37, 54.1%), vaginal bleeding
in three (3/37, 8.1%), abdominal pain and vaginal bleed-
ing in eight (8/37, 21.6%), shock in three (3/37, 10.8%), no
symptoms in two (2/37, 5.4%), and death of one woman
(1/37, 2.7%). Two asymptomatic patients underwent emer-
gency cesarean section due to abnormal fetal heart rate, and
uterine rupture was found during cesarean section. In ad-
dition, 15 patients had nausea, vomiting, and other discom-
fort.

Among the 37 patients, seven underwent emergency
cesarean section due to abnormal fetal heart rate, and
color Doppler ultrasoundwas not performed before surgery.
Among 30 patients who underwent ultrasonic examination,
22 (22/30, 73.3%) had positive manifestations, which were
mainly characterized by the interruption of echo continuity
of the uterine muscle wall, floating fetus in the abdominal
cavity, pelvic and abdominal effusion, and disordered echo
of the abdominal cavity. Among the 37 patients, seven did
not undergo fetal electronic monitoring, five women were
induced labor due to fetal malformation, and two women
were at less than 30 weeks of gestation. Among 30 pa-
tients whose fetal electronic monitoring was performed, 13
(13/30, 43.3%) were abnormal and 17 (17/30, 56.7%) were
normal. Among the abnormal cases, 11 showed various
types of fetal deceleration, one case presented with disap-
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pearance of baseline variations of fetal heart rate, and one
case presented with disappearance of fetal heart rate.

Among the 36 patients who underwent surgery after
uterine rupture, the breaches of the uterus were located in
the uterine body in 13 cases (13/36, 36.1%), three cases
(3/36, 8.3%) were in the uterine horn, and 20 cases (20/6,
55.6%) were in the lower uterine segment. The clinical
characteristics of the uterine ruptures in intact uteri are
shown in Table 2.

Table 2. Clinical characteristics of the uterine ruptures of
intact uterine.

Clinical characteristics n (%)
Labor status (n = 37)

Before labor 8 (21.6)
Spontaneous labor 11 (29.7)
Induced labor 18 (48.6)

Location of the rupture (n = 36)
Uterine body 13 (36.1)
Uterine horn 3 (8.3)
Lower uterine segment 20 (55.6)

Clinical manifestations (n = 37)
Abdominal pain 20 (54.1)
Vaginal bleeding 3 (8.1)
Abdominal pain and vaginal bleeding 8 (21.6)
Shock 3 (10.8)
No symptoms 2 (5.4)
Death 1 (2.7)

Fetal electronic monitoring (n = 30)
Abnormal 13 (43.3)
Normal 17 (56.7)

Ultrasonic examination (n = 30)
Abnormal 22 (73.3)
Normal 8 (26.7)

Table 3 presents the data pertaining to maternal and
neonatal outcomes. Thirty ruptures (30/37, 81.1%) were
treated by uterine neoplasty, six ruptures (6/37, 16.2%)
were treated by hysterectomy, and one patient (1/37, 2.7%)
died before surgery. Among the 36 survivors, 11 patients
(11/36, 30.5%) had complications; four patients had co-
agulation dysfunction, among whom one developed into
disseminated intravascular coagulation, four patients had
bladder injury, two had postoperative infection, and one
patient had intestinal injury. Among the 32 newborns
with non-fetal malformation and induced labor, 13 fetuses
(13/32, 40.7%) died during the prenatal period. Among 19
alive born fetuses, eight died (8/32, 25.0%) and 11 (11/32,
34.3%) survived.

The group of patients who underwent uterine neo-
plasty was compared to the group of patients who under-
went hysterectomy or died. Maternal age, gestational age,
number of previous uterine curettages, and the location of
uterine rupture were not significantly different between the
two groups. The rate of hysterectomy/death was signifi-
cantly higher in patients withmore than three previous vagi-

Table 3. Maternal and neonatal outcomes.
Maternal and neonatal outcomes n (%)

Maternal outcomes (n = 37)
Uterine neoplasty 30 (81.1)
Hysterectomy 6 (16.2)
Deaths 1 (2.7)

Maternal complications (n = 36) 11 (30.5)
Fetal outcomes (n = 32)

Survival infant 11 (34.3)
Intrapartum deaths 13 (40.7)
Infant deaths 8 (25.0)

nal deliveries (p = 0.005). In addition, the rate of hys-
terectomy/death in the spontaneous labor group was sig-
nificantly higher than that in the induced labor group (p =
0.011). Although there was no significant relationship be-
tween the outcomes of pregnant women and the location of
uterine rupture (p = 0.194), the proportion of hysterectomy
was higher in women with a rupture of the lower uterine
segment compared to a rupture of the uterine body. The re-
sults of the correlation analysis of risk factors and maternal
outcomes are presented in Table 4.

Furthermore, 32 fetuses were divided into two groups:
a fetal death/neonatal death group and a neonatal survival
group. There were no significant differences between the
two groups based on the number of previous vaginal deliv-
eries, the number of uterine curettages, maternal age, gesta-
tional age, and type of labor. However, there was a signifi-
cant difference based on the location of uterine rupture. The
fetal survival rate in patients with uterine rupture at the uter-
ine horn was significantly higher than that in patients with
uterine rupture at the lower uterine segment (p = 0.007).
The results of the correlation analysis of risk factors and
neonatal outcomes are presented in Table 5.

4. Discussion
Uterine rupture in an intact uterus is a rare and un-

predictable obstetric complication. Al-Zirqi et al. [2] re-
ported the rates of uterine rupture in Norway as 1.2, 0.9,
1.7, and 6.1 per 10,000 pregnancies in 1967–1977, 1978–
1988, 1989–1999, and 2000–2008, respectively.

The present study found that 48.6% of uterine ruptures
occurred during induced labor. Among the 18 cases of uter-
ine rupture caused by induced labor, nine received miso-
prostol, two received oxytocin, and seven received a va-
riety of medications/methods including misoprostol, oxy-
tocin, cervical balloon, etc. Previous studies have shown
that the increase in ruptures in intact uteri was mostly re-
lated to increases in the practice of labor augmentation and
induction of labor with specific methods [9,12,13]. Admin-
istration of misoprostol and oxytocin is a known risk factor
for uterine rupture [5]. Al-Zirqi et al. [14] reported that
the highest risk factor for uterine rupture in Norway in re-
cent years was induced labor with administration of miso-
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Table 4. Analysis of risk factors influencing maternal outcomes.
Uterine neoplasty Hysterectomy/death p-value

Previous vaginal delivery (times)
<3 26 2 0.005
≥3 4 5

Previous uterine curettage (times)
<3 22 6 0.656
≥3 8 1

Age (years)
≥35 10 3 0.678
<35 20 4

Gestational age (weeks)
<37 15 4 0.532
≥37 15 3

Labor status
Before labor 4a 4a 0.011
Spontaneous labor 9a,b 2a,b
Induced labor 17b 1b

Location of the rupture (n = 36)
Uterine body 15 2 0.194
Uterine horn 6 0
Lower uterine segment 9 4

a,b: The difference of maternal outcomes between cases before labor and induced labor
was statistical significance.

Table 5. Analysis of risk factors influencing neonatal outcomes.
Intrapartum/infant deaths Survival infant p-value

Previous vaginal delivery (times)
<3 16 8 0.575
≥3 5 3

Previous uterine curettage (times)
<3 15 8 0.938
≥3 6 3

Age (years)
≥35 7 4 0.638
<35 14 7

Gestational age (weeks)
<37 10 4 0.712
≥37 11 7

Labor status
Before labor 7 1 0.057
Spontaneous labor 10 3
Induced labor 4 7

Location of the rupture (n = 36)
Uterine body 10a,b 5a,b 0.007
Uterine horn 1a 5a
Lower uterine segment 10b 1b

a,b: The difference of fetal outcome between rupture occurred in the angle of uterus and lower
segment of uterus was statistical significance.

prostol and oxytocin. On the other hand, mechanical in-
duction carries the lowest risk of uterine rupture compared
to prostaglandins or oxytocin [14,15]. However, in clini-
cal practice, mechanical methods are rarely used alone, and
prostaglandins or oxytocin are generally used. Sequential
induction also carries a substantial risk of complete rupture
[14,15].

Furthermore, multiparity is an important risk factor for

uterine rupture in intact uteri and there are many reports
in literature on this topic [16,17]. In our study, nine cases
(9/37, 24.3%) had more than three previous vaginal deliver-
ies, and two had five previous vaginal deliveries, and our re-
sults showed that previous multiple vaginal deliveries were
associated with adverse maternal outcomes. The rate of
hysterectomy/death increased significantly in patients with
more than three previous vaginal deliveries.
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Additionally, we found that more than half of the pa-
tients with uterine rupture had undergone a previous uter-
ine curettage. The maximum number of uterine curettages
in one individual case was six. Al-Zirqi et al. [18] found
that when patients with previous uterine curettage and in-
tact uteri were removed from the analysis, the rate of rup-
ture decreased from 0.38 to 0.26 per 10,000 pregnancies.
This indicates that potential weakening of the uterine wall
by curettage may contribute significantly to increasing the
rupture risk [19]. Nkwabong et al. [20] also found that
a history of curettage may indicate an undetected uterine
perforation. The history of a previous curettage should be
considered a possible risk factor for uterine rupture during
pregnancy because the possible presence of an undetected
uterine scar may cause rupture.

The main symptom of rupture reported by 54.1%
women was abdominal pain. Another 21.6% patients re-
ported abdominal pain and vaginal bleeding. Very few pa-
tients presentedwith vaginal bleeding (8.1%), asmost of the
bleeding was intraabdominal. Therefore, attention should
be paid to patients with abdominal pain. In this study, 30
patients underwent fetal electronic monitoring, 13 of whom
presented with abnormal results, including 11 with various
types of fetal deceleration. Previous studies have reported
that an abnormal fetal heart rate is themost common clinical
manifestation of uterine rupture, which is observed in 76–
87% of the cases [15,21]. Therefore, when the fetal heart
rate presents with abnormal deceleration in women with
abdominal pain, urgent attention must be paid. It should
be noted that there were two cases of uterine rupture with-
out abdominal pain, vaginal bleeding, or other symptoms,
and when fetal heart rate deceleration was found, and emer-
gency cesarean section was performed, a uterine rupture
was found during surgery. Sun et al. [22] also reported
a case of uterine rupture with atypical symptoms. The pa-
tient presented with upper abdominal discomfort and vom-
iting for 3 days. During emergency laparotomy, the entire
amniotic sac was found in the peritoneal cavity with a rup-
ture of the uterine fundus [22]. Therefore, rupture of the in-
tact uterus may be asymptomatic or atypical. Obstetricians
should be alert to the occurrence of uterine rupture and be
able to quickly diagnose it to facilitate rapid management.
The possibility of uterine rupture needs to be considered in
all pregnant womenwho present with acute abdominal pain,
fluid collection in the peritoneal cavity, or specific risk fac-
tors.

Many studies have reported that the rate of hysterec-
tomy is higher after rupture of the intact uterus [16,18]. In
our study, 30 (81.1%) patients underwent uterine neoplasty,
six (16.2%) underwent hysterectomy, and one (2.7%) pa-
tient had died. Gibbins et al. [23] found a hysterectomy
rate of 35% in 20 intact uteri vs. 2.4% in 126 scarred uteri
after rupture. Barger et al. [8] reported that severe mor-
bidity was three times more frequent in patients with intact
uteri compared to those with scarred uteri. Al-Zirqi et al.

[14] reported a hysterectomy rate of 37.8% following rup-
ture in intact uteri compared to 12.1% for those with scarred
uteri.

Among the 36 patients who underwent surgery after
uterine rupture, breaches of the uterus were located in the
lower uterine segment in 20 cases (20/36, 55.6%), in the
uterine body in 13 cases (13/36, 36.1%), and in the uterine
horn in 3 cases (3/36, 8.3%). Although there was no sig-
nificant association between the location of uterine rupture
and the outcomes of pregnant women, the rate of hysterec-
tomy in rupture of the lower uterine segment was higher
than that of rupture of the uterine body. The consistency
of this association may be because the ruptures occurred
outside the lower uterine segment and extended further be-
yond the cervix. The lack of a confined weak area, such
as a previous incision, increases the risk that the tear might
involve vital, adjacent organs, which could lead to more se-
rious complications [8,19].

The proportion of intrapartum/infant death was 65.7%
in our study. Al-Zirqi et al. [18] found that 26.2% infants
were classified as those with intrapartum/infant death and
the death was presumed due to the hypoxic effects of uter-
ine rupture. In our study, the fetal survival rate in patients
with uterine rupture at the uterine horn was significantly
higher than that in patients with uterine rupture at the lower
uterine segment (p = 0.007). This may be because a uterine
horn rupture site does not involve asmany blood vessels and
does not cause placental detachment. Al-Zirqi et al. [18]
found that placental separation and/or fetal extrusion had
the highest odds ratio for intrapartum/infant death (odds ra-
tio, 17.9; 95% confidence interval, 7.5–42.4). Leung et al.
[24] found that the highest risk of intrapartum/infant death
was when the rupture was associated with placental sepa-
ration and/or fetal extrusion. The fetal outcomes of uterine
rupture are not only related to the severity of the disease,
but also to the location of the uterine rupture.

5. Limitations
One limitation of this study is a small sample size.

Since uterine rupture is a very rare disease, the sample size
of our study may be not sufficient to rule out a type II er-
ror, and this may have affected the accuracy of the results.
Another limitation of this study is its retrospective design.
In the past decade, many changes have taken place in our
obstetric practices. Moreover, without universal standard-
ized registration during the study period, there was missing
information and poor-quality information in some medical
records. For these reasons, it was not possible to assess
the length of delivery as a risk factor for uterine rupture;
nor was it possible to assess the influence of socioeconomic
factors. Further analyses of uterine ruptures are needed in
large-scale, long-term, multicenter studies. Furthermore,
there is a need for future studies estimating the risk of rup-
ture related to dosages and duration of prostaglandins and
oxytocin use.
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6. Conclusions
Uterine rupture is rare, but it can occur in the intact

uterus. Uterine rupture in an intact uterus is associated with
a high hysterectomy rate and high fetal/neonatal mortality
rate. There is an imperative need to remain vigilant for the
possibility of uterine rupture in pregnancies without typical
risk factors. For pregnant women with sudden abdominal
pain and abnormal fetal heart rate, we should be alert to the
possibility of uterine rupture. However, it should be noted
that some patients have no symptoms or atypical symptoms
before uterine rupture. Induction and augmentation of labor
needs to be performed with caution to avoid this potential
obstetric emergency.
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