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Objective To assess incidence of uterine rupture in scarred and
unscarred uteri and its maternal and fetal complications in a
nationwide design.
Design Population-based cohort study.
Setting All 98 maternity units in the Netherlands.
Population All women delivering in the Netherlands between

August 2004 and August 2006 (n = 371 021).
Methods Women with uterine rupture were prospectively collected

using a web-based notification system. Data from all pregnant
women in the Netherlands during the study period were obtained
from Dutch population-based registers. Results were stratified by
uterine scar.
Main outcome measures Population-based incidences, severe

maternal and neonatal morbidity and mortality, relative and
absolute risk estimates.
Results There were 210 cases of uterine rupture (5.9 per 10 000

incidences being 5.1 and 0.8 per 10 000 in women with and
without uterine scar. No maternal deaths and 18 cases of
perinatal death (8.7%) occurred. The overall absolute risk of
uterine rupture was 1 in 1709. In univariate analysis, women
with a prior caesarean, epidural anaesthesia, induction of labour
(irrespective of agents used), pre- or post-term pregnancy,
overweight, non-Western ethnic background and advanced age
had an elevated risk of uterine rupture. The overall relative
risk of induction of labour was 3.6 (95% confidence interval
2.7–4.8).
Conclusion The population-based incidence of uterine rupture
in the Netherlands is comparable with other Western
countries. Although much attention is paid to scar rupture
associated with uterotonic agents, 13% of ruptures occurred
in unscarred uteri and 72% occurred during spontaneous
labour.
Keywords Incidence, population based, unscarred uterus, uterine

rupture, VBAC.

pregnancies). Of these women, 183 (87.1%) had a uterine scar,
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Introduction
Uterine rupture is a rare complication of pregnancy potentially leading to severe maternal and fetal morbidity and
mortality. Several risk factors have been identified, the
most important being a uterine scar (mostly from previous
caesarean) and the use of uterotonic agents for induction
of labour.1–5 The Netherlands has a caesarean delivery rate
which is among the lowest in the world, although it is
increasing. The same is true for countries worldwide, as a
result of which the incidence of uterine rupture is likely to

increase. The sheer quantity of recent reports on the safety
of vaginal birth after caesarean (VBAC) demonstrates the
increased awareness of this issue.
In a WHO systematic review of uterine rupture worldwide, the median incidence was 5.3 per 10 000 births.6 If
only population-based studies in high-income countries are
taken into consideration, the mean incidence was around 3
per 10 000 deliveries. This figure, however, was based on
only five of 83 included studies, the great majority being
from low-income countries, facility-based, or only concerning women with a previous caesarean. A clear distinction is
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made between uterine scar rupture and rupture of an
unscarred uterus. Scar rupture often presents less dramatic
but the incidence is rising in Western countries. Rupture of
the unscarred uterus is much more frequent in low-income
countries due to obstructed labour and leads to more
severe feto-maternal complications, being even an important cause of direct maternal death in these countries. It is,
however, a rare event in Western countries with an estimated incidence of 0.6 per 10 000, based on only ten
cases.1 Our aim was to assess the population-based incidence of uterine rupture in the Netherlands, as well as the
case fatality rate, the most specific symptoms and signs at
diagnosis and possible risk factors.

Methods
This study was part of a larger nationwide enquiry into
severe maternal morbidity in the Netherlands, called LEMMoN. Details on design of the LEMMoN study have been
published elsewhere.7 The study was centrally approved by
the medical ethics committee of Leiden University Medical
Centre. It enrolled cases from 1st August 2004 until 1st
August 2006. In the Netherlands, there are ten tertiary care
centres, 33 nonacademic teaching hospitals and 55 general
hospitals. In 2005, the number of deliveries per hospital
ranged from 93 to 2655 and 41% of deliveries were under
guidance of a midwife or family physician, either at home
(30%) or in the hospital (11%). Pregnancies in women
with a uterine scar from a previous caesarean are considered high risk pregnancies. Although these women have to
deliver in hospital under guidance of an obstetrician, they
are allowed to have antenatal care with the midwife or
family physician until 36 weeks of gestational age. The
latest published caesarean delivery rate in the Netherlands
is 14% in 2002.8
Uterine rupture was defined as the occurrence of clinical symptoms (abdominal pain, abnormal fetal heart rate
pattern, acute loss of contractions, vaginal blood loss)
leading to an emergency caesarean delivery, at which the
presumed diagnosis of uterine rupture was confirmed; or
peripartum hysterectomy or laparotomy for uterine rupture after vaginal birth. Cases of scar dehiscence found
during elective caesarean section without preceding clinical
symptoms were not included. Women without a known
uterine rupture or perforation were considered having an
unscarred uterus, also after previous D&C or hysteroscopy, as these women will clinically be considered as
having an unscarred uterus.
Requests for notifications of cases of uterine rupture
were sent to all 98 local coordinators on a monthly basis.
Cases were communicated to the National Surveillance
Centre for Obstetrics and Gynaecology (NSCOG) in a webbased design. Absence of cases was also reported. Remind-
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ers were sent to nonresponders every month until they had
returned the monthly notification card.
After notification, a case record form was sent to us,
accompanied by anonymous photocopies of all relevant
parts of the hospital case notes and correspondence. A
detailed review of cases was completed by one of the
researchers (JJZ) and all cases were centrally entered into
an Access database.
We recorded maternal characteristics (age, body mass
index, parity, ethnicity, socio-economic status, single
household, language skills, smoking), obstetric history
(including type of caesarean, type of incision and interpregnancy interval), all essential data on pregnancy and delivery, and neonatal outcome. We also recorded data on the
specific complication, such as diagnosis-to-delivery interval,
epidural analgesia, dilatation of the cervix at diagnosis,
symptoms and signs at diagnosis, medicaments administered, and whether the fetus was (partially) extruded into
the abdomen. A total of 108 items were entered into the
database for each case. Characteristics of each hospital were
also recorded (university or teaching hospital, annual
number of deliveries).
Ethnicity was defined by country of origin (geographical
ethnic origin) and grouped according to the most common
population groups in the Netherlands (Western Europe,
Morocco, Surinam/Dutch Antilles, Turkey, Sub-Saharan
Africa and Middle and Far East). We used the definitions
of Statistics Netherlands.9 Women born in the Netherlands
with at least one parent born abroad were considered to be
from the same origin as their parent(s) from abroad.
Women from other Western European countries, and
women from North America, Japan and Indonesia are
considered Western immigrants according to Statistics
Netherlands. All other immigrant women are considered
non-Western. Major obstetric haemorrhage was defined as
blood loss necessitating 4 or more units of red blood cells.
Weekdays from 8 a.m. to 6 p.m. were considered office
hours (which equates to 30% of all hours during a week).
Denominator data for number of births in the Netherlands during the exact study period were obtained from
Statistics Netherlands.9 Births are registered based on birth
certificates, which are mandatory by law beyond 24 weeks
of gestational age in the Netherlands. Reference values for
possible risk factors for uterine rupture were obtained from
Statistics Netherlands (exact study period) and The Netherlands Perinatal Registry (LVR-2; 2005).8 LVR-2 is the
Dutch national perinatal database that covers nearly 100%
of births under guidance of an obstetrician, in which parity, gestational age at delivery, mode of delivery, and place
of antenatal care (midwife or obstetrician) are reliably registered. Each case is entered into the database by the
attending clinician directly after birth. Data that were compared between cases and noncases were collected using the
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same fact-sheet from LVR-2. Case fatality rate was calculated by dividing the number of deaths by the total number
of cases.
To control for underreporting, we cross-matched our
database with the LVR-2 database. During a 5-month period, cases of uterine rupture reported to this database but
not to us, were identified and local coordinators were
sought to re-analyse these cases and report when appropriate.
Relative risks and confidence intervals were calculated in
univariable analysis. Differences between groups were identified using chi-squared or Student’s t tests. Significance
was defined as P < 0.05. Statistical analysis was performed
using the Statistical Package for the Social Sciences 14.0
(SPSS Inc., Chicago, IL, USA).

Results
During the study period, 371 021 deliveries occurred in the
Netherlands. From all 2352 (98 hospitals, 24 months)
monthly notification cards, 97% were returned. Therefore,
the study represents 358 874 deliveries in the Netherlands.
A total of 218 cases of uterine rupture were reported, the
incidence of uterine rupture being 5.9 per 10 000 deliveries.
We received detailed information of all cases (100%). Eight
cases were excluded because asymptomatic dehiscence of
the uterine scar was found at elective caesarean, leaving 210
confirmed cases. No maternal deaths due to uterine rupture occurred during the study period. Other severe maternal and neonatal complications are listed in Table 1.
Incidence varied largely by hospital, ranging from 0 to 45.2

per 10 000. The mean ‘hospital-incidence’, concerning only
deliveries under secondary or tertiary care, was 9.3 per
10 000; 15.4 for tertiary care centres and 8.6 for general
hospitals (P = 0.03). Incidence figures did not differ by
volume of maternity unit (data not shown). There was a
trend towards more liberal use of prostaglandins for induction of labour in low-volume hospitals as compared to
middle- and high-volume hospitals (24.4% versus 13.0% of
cases, P = 0.29). Characteristics of women are shown in
Table 2. Most ruptures occurred intrapartum (n = 188;
89.5%). In 20 cases (9.5%), rupture occurred before the
onset of labour, and in two cases (1.0%) as a complication
of second trimester instrumental abortion. In 16 of the
intrapartum cases (8.5%), rupture was only suspected after
childbirth. Ten of these were spontaneous deliveries, five
were ventouse deliveries and one rupture of the posterior
uterine wall was diagnosed at re-laparotomy after caesarean
delivery.
Clinical symptoms that led to the diagnosis of uterine
rupture included abdominal pain (69%), abnormal fetal
heart rate pattern (67%), vaginal bleeding (27%), hypertonia (20%) and acute absence of contractions (14%).
Among 162 women with complete reporting of all five
mentioned symptoms, 91 women (56%) presented with a
combination of symptoms, the most frequently encountered combination being abdominal pain and abnormal
fetal heart rate pattern (Table 3).
Of all 171 cases with emergency intrapartum caesarean,
31 ruptures (18.1%) occurred during the second stage of
labour. In four women, dilatation at diagnosis was not
mentioned, 15 women (8.8%) had no dilatation, and in the

Table 1. Maternal and neonatal morbidity due to uterine rupture by type of induction and mode of delivery
MOH
Onset of delivery
Spontaneous (n = 130)
Induction cervical prostaglandins (n = 28)
Induction oxytocin (n = 22)
Induction sulproston (n = 4)
Induction mechanical dilatation (n = 4)
Caesarean without labour (n = 20)
Mode of delivery
Spontaneous (n = 12)
Ventouse (n = 8)
Caesarean (n = 188)
Overall (n = 208****)

19
8
6
2
0
8

(14.6)
(28.6)
(27.3)
(50.0)

9
4
30
43

(75)
(50)
(16.0)
(20.7)

(40.0)

Hysterectomy

4
5
2
1
0
5

(3.1)
(17.9)
(9.1)
(25.0)

ICU admission

(8.5)
(17.9)
(18.2)
(75.0)

(25.0)

11
5
4
3
0
3

4 (33.3)
0
13 (6.9)
17 (8.2)

8
1
17
26

(66.7)
(12.5)
(9.0)
(12.5)

(15.0)

Perinatal death*

9
3
2
0
0
4

(6.9)
(10.7)
(9.1)

(20)

0
1 (12.5)
17 (9.0)
18 (8.7)

Asphyxia**

21
7
6
0
0
1

(16.2)
(25.0)
(27.3)

(5.0)

0
0
35 (18.6)
35 (16.8)

NICU admission***

12
2
2
0
0
8

(9.4)
(9.0)
(10.5)

(42.1)

0
1 (12.5)
23 (12.9)
24 (12.1)

Values in brackets are percentages.
MOH, major obstetric haemorrhage; (N)ICU, (neonatal) intensive care unit.
*Excluding death due to congenital malformations.
**Defined as pH directly postpartum <7.00.
***Percentage among 198 neonates from 25 weeks of gestational age onwards.
****Excluding two cases of uterine rupture after instrumental abortion.
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Table 2. Characteristics of women with uterine rupture
Age (mean 33.0), years
<25
25–35
35–40
‡40
Socio-economic status
Low
Middle
High
Unknown
Smoking during pregnancy
Yes
No
Unknown
Body mass index
<18.5
18.5–24.9
25.0–29.9 (overweight)
30.0–34.9 (obese)
‡35.0 (morbidly obese)
Unknown
Geographical ethnic origin
The Netherlands
Morocco
Turkey
Surinam/Dutch Antilles
Sub-Saharan Africa
Other non-Western
Other Western

2
134
63
11

(1.0)
(63.8)
(30.0)
(5.2)

54 (28.4)
75 (39.5)
61 (32.1)
20
18 (15.0)
108 (85.0)
84
3
62
47
16
12
70

(2.1)
(44.3)
(33.6)
(11.4)
(8.6)

158
9
10
7
9
13
4

(75.2)
(4.3)
(4.8)
(3.3)
(4.3)
(6.2)
(1.9)

Values are given as n (%).

remaining 121 women, rupture occurred at 1–9 cm dilatation, with the highest incidence at 4–5 cm dilatation
(n = 41).
Possible risk factors are shown in Table 4. Of all women,
182 (86.7%) had at least one previous caesarean. Seven
women (3.3%) were nulliparous, four of whom were prim-

igravid. Non-Western immigrant women did have a significantly increased risk of experiencing uterine rupture as
compared to Western women [relative risk (RR) 1.4; 95%
confidence interval (CI) 1.0–1.9]. Sub-Saharan African
women had the highest risk (RR 3.9; 95% CI 2.0–7.7).
Fifty-nine percent of uterine ruptures occurred outside
office hours. Median interval between diagnosis and childbirth was 30 minutes (range 7–172) for ruptures occurring
during office hours, and 40 minutes (range 9–240) outside
office hours (P = 0.09).
The two cases of uterine rupture during instrumental
abortion were complications of second trimester termination of pregnancy at 21 and 22 weeks of gestation in
unscarred uteri. Reasons for termination were unwanted
pregnancy and bilateral facial cleft. Both women were
referred from a primary care abortion clinic. One of these
women had a hysterectomy performed because of major
obstetric haemorrhage. These two cases will further be disregarded as they concern complications of instrumental
abortion and characteristics of delivery do not apply.

Scar rupture
Uterine rupture occurred in 183 women with a scarred
uterus, population-based incidence being 5.1 per 10 000
deliveries. In two of these women, the localisation of rupture was not the uterine scar itself. All but one woman had
a singleton pregnancy. Median gestational age was
40.2 weeks (range 17.2–42.7). One woman had a scar from
previous myomectomy; the remaining 182 women had a
scar from previous caesarean. All but six of these women
(96.7%) had one previous caesarean, four had two and two
had three previous caesareans. Previous caesarean was performed without labour in 72 women (39.6%) and during
labour in 106 (58.2%). Three women had both types of
caesarean in their obstetric history and in one the type of
previous caesarean was unknown. In 18 women (9.9%), the

Table 3. Symptoms and signs at the moment of diagnosis
Presence of symptom

Abdominal pain
Abnormal CTG
Vaginal bleeding
Hypertonia
Acute absence of contractions

133/194
134/201
52/190
38/188
25/184

(68.6%)
(66.7%)
(27.4%)
(20.2%)
(13.6%)

Combinations of two symptoms
Abnormal
CTG

Vaginal
bleeding

Hypertonia

90/189 (47.6%)

34/181 (18.8%)
29/186 (15.6%)

34/181 (18.8%)
31/185 (16.8%)
12/179 (6.7%)

Acute absence
contractions
16/174
19/182
5/176
7/176

(19.2%)
(10.4%)
(2.8%)
(4.0%)

Values in brackets are percentages.
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Table 4. Possible risk factors for uterine rupture (n = 210)

Patient
Age ‡ 35
Low income
Single household
BMI ‡ 25 (overweight)
BMI ‡ 30 (obese)
BMI ‡ 35 (morbidly obese)
Non-Western immigrants
Pregnancy
Prior caesarean delivery
Short interpregnancy interval (£12 months)
VBAC in obstetric history
Nulliparity
Primiparity
Parity ‡ 3
Multiple pregnancy
Artificial reproduction techniques: IVF/ICSI
Delivery
Induction of labour
Induction of labour, prostaglandin
Induction of labour, oxytocin
Augmentation, oxytocin
Epidural anaesthesia
Preterm birth (<37 weeks)
Post-term birth (‡42 weeks)

LEMMoN (%)

The
Netherlands (%)

35.2
28.4
3.3
53.6
20.0
8.6
21.0

24.7*
n/a
n/a
31.7*
9.8*
n/a
16.8*

86.7
13.9
10.5
3.8
78.1
5.8
1.0
1.9

10.14
n/a
n/a
45.2*
18.9**
5.0*
1.7*
1.910

33.3
15.5
13.0
24.2
40.1
13.0
9.2

12.3**
n/a
n/a
18.9**
5.9**
5.8**
4.3**

RR (95% CI)

Absolute risk
(overall 1 in 1709)

1.7 (1.3–2.2)

1 in 1195

2.5 (1.8–3.5)
2.3 (1.5–3.5)

1 in 1011
1 in 837

1.4 (1.0–1.9)

1 in 1315

65.1 (42.9–98.7)

1 in 198

0.05 (0.02–0.10)
15.3 (11.1–21.3)
1.2 (0.6–2.1)
0.5 (0.1–2.2)
1.0 (0.4–2.6)

1
1
1
1
1

3.6 (2.7–4.8)

1.4 (1.0–1.9)
10.7 (8.1–14.1)
2.4 (1.6–3.7)
2.2 (1.4–3.6)

in
in
in
in
in

20 259
413
1493
3116
1740

1 in 629

1
1
1
1

in
in
in
in

1336
251
760
801

n/a, not available.
National reference values from *Statistics Netherlands (exact study period) and **The Netherlands Perinatal Registry (LVR-2; 2005).

previous caesarean was expedited before 36 weeks of gestation. In 53 women (29.1%), the previous caesarean was
electively performed because of breech presentation. Incision had been low transverse in 177 cases, classical in one
case, and in four cases, the type of incision was unknown.
Three women had a uterine rupture in their obstetric
history. In the first one, caesarean delivery was planned
because of a previous classical incision, but she experienced
uterine rupture at 30 weeks. The second woman had a caesarean without labour performed at 35 weeks of gestation
because of placenta praevia and thrombocytopenia. Peripartum hysterectomy was performed because of major
obstetric haemorrhage due to uterine rupture and placenta
praevia. The third woman experienced hypovolemic shock
at 29 weeks of gestation. A fundal uterine rupture was
found at emergency caesarean, along with 3 l of intraabdominal blood and intrauterine fetal death. Peripartum
hysterectomy was performed. In another woman, obstetric
history revealed a scar dehiscence.
Trial of labour was attempted in 167 women (91.3%),
four of whom had the previous caesarean performed before

34 weeks of gestation. The other 16 women (8.7%) had an
emergency caesarean performed, most important indications
being spontaneous onset of labour before planned elective
caesarean, placenta praevia/percreta and suspicion of placental abruption. Relative risks of different uterotonic agents
during trial of labour are shown in Table 5. In 22 of 183
cases (12.0%), prostaglandins were used for induction of
labour. Reasons for induction with prostaglandins included
(nearly) post-term pregnancy (n = 10), intra uterine fetal
death/multiple congenital abnormalities (n = 5), elective
(n = 3), pregnancy induced hypertension (n = 2), intra
uterine growth restriction (n = 1) and prelabour rupture of
membranes (n = 1). Prostaglandin analogues used included
different variants of dinoproston (n = 16), sulproston
(n = 2) and misoprostol (n = 1). In three cases, two different prostaglandin analogues were administered successively.
Individual assessment of regimens of administration in these
23 cases revealed no new insights. Dosages ranged from 0.5
to 2.0 mg with a minimal interval of 4 h in between.
Mean interpregnancy interval, defined as the time
between immediate previous caesarean and conception was
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Table 5. Risk of uterotonic agents in trial of labour, as compared to spontaneous labour
Onset of labour

LEMMoN (n = 167)

The Netherlands* (n = 3274)

77
43
47
20
16
6
5

2056
536
682
308
203
94
77

Spontaneous labour
Augmentation after spontaneous onset
Induction of labour
Oxytocin
Prostaglandin
Prostaglandin + oxytocin
Mechanical dilation ± oxytocin

RR (95% CI)

2.1
1.8
1.7
2.1
1.7
1.7

1.0
(1.5–3.1)
(1.3–2.7)
(1.0–2.9)
(1.2–3.7)
(0.7–4.0)
(0.7–4.4)

*Reference values from a large representative sample from the Netherlands.4

33 months (range 3–135). Only four women had an interpregnancy interval of <6 months. Twenty-two women
(12.2%) had one to three VBACs in their history. Previous
VBAC tended to be protective to the fetus, but the risk of
severe maternal morbidity tended to be elevated (Table 6).
Complete or partial extrusion of the fetus was reported in
21 and 29 cases (11.4 and 15.9%, respectively). In nine
women (4.9%) uterine rupture was complicated by rupture
of the bladder.

Rupture of the unscarred uterus
Besides the two ruptures complicating second trimester
instrumental abortion, 25 women experienced rupture of
an unscarred uterus, incidence being 0.7 per 10 000 deliveries. Median gestational age was 38.7 weeks (range 20.7–
42.8). Factors possibly associated with the rupture were
history of instrumental abortion or postpartum curettage
(n = 10), history of hysteroscopy (n = 2), history of ectopic
pregnancy (n = 2), history of other pelvic surgery (n = 1),
endometriosis (n = 2), uterine fibroids (n = 1), and twin

Table 6. Uterine rupture after previous vaginal birth after
caesarean (VBAC)
Severe
morbidity/mortality
Maternal
ICU admission
Major obstetric
haemorrhage (‡4 units)
Major obstetric
haemorrhage (‡10 units)
Hysterectomy
Fetal
Perinatal death
Asphyxia
ICU, intensive care unit.

1074

VBAC,
n (%)

No VBAC,
n (%)

RR
(95% CI)

4 (18.2)
6 (27.3)

11 (7.0)
20 (12.7)

2.6 (0.9–7.5)
2.2 (1.0–4.8)

2 (9.1)

5 (3.2)

2.9 (0.6–13.9)

3 (13.6)

7 (4.4)

3.1 (0.9–11.0)

1 (4.5)
3 (13.6)

12 (7.6)
30 (19.0)

0.6 (0.1–4.4)
0.7 (0.2–2.2)

pregnancy (n = 1). In 13 women (52%), we could not
identify any risk factor. Severe maternal and neonatal morbidity and mortality were clearly more often observed
among women with an unscarred uterine rupture as compared to uterine scar rupture (Table 7). In 11 women
(44%), labour was induced, in all but one with prostaglandins. Four ruptures occurred before spontaneous onset of
labour, three were discovered postpartum. In 18 women
(72%), rupture occurred outside office hours. Localisation
of rupture included posterior wall (n = 5), anterior wall
(n = 5), lateral (n = 3), fundal (n = 4), low uterine segment (n = 2) and other (n = 5). Cervix and bladder were

Table 7. Delivery and outcome in scar versus nonscar uterine
rupture

Item
Delivery
Induction with
prostaglandins
Before 32 weeks of
gestational age
Prelabour emergency
caesarean
Outcome
ICU admission
‡4 units of blood
transfused
‡10 units of blood
transfused
Hysterectomy
Peripartum fetal death
Asphyxia*
Fetus completely
extruded

Nonscar
Scar
(n = 25), % (n = 183), %

RR
(95% CI)

40.0

12.1

4.9 (1.7–11.2)

24.0

4.9

6.1 (1.5–16.7)

16.0

8.8

2.0 (0.6–6.9)

36.0
56.0

8.8
15.4

5.5 (2.2–15.4)
6.8 (2.6–15.4)

16.0

6.0

3.7 (1.1–13.7)

24.0
24.0
33.3
28.0

6.0
7.7
31.4
11.0

4.9
3.8
1.1
3.0

(1.7–15.8)
(1.4–11.8)
(0.2–6.3)
(1.2–8.6)

ICU, intensive care unit.
*Percentages among 111 cases with a known umbilical cord pH
directly after birth.
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involved in six and seven cases, respectively. Complete or
partial extrusion of the fetus into the abdomen was
reported in nine cases (36.0%). In one case, in which the
woman presented with anhydramnios and diminished fetal
movements at 32 weeks of gestation, uterine rupture was
diagnosed antepartum by an intra abdominal leg on MRI.11

Discussion
Thirteen percent of all uterine ruptures occurred in the
unscarred uterus, the proportion being higher than
reported before.12 The overall incidence of uterine rupture
of 5.9 per 10 000 is well within the range of incidences
reported in Western countries.6 The overall incidence
reported in a WHO systemic review of uterine rupture was
5.3 per 10 000 for population-based studies, and 31 per
10 000 for facility-based studies.6 Kwee et al.13 conducted a
1-year prospective study of uterine rupture in the Netherlands, from which we could calculate a similar incidence of
5.8 per 10 000. They, however, reported only three ruptures
in unscarred uteri on a total of 98.
Although no cases of maternal death due to uterine rupture occurred in our study, each of the last four triennial
reports of the Confidential Enquiry into Maternal and
Child Health in the United Kingdom contained at least one
case of maternal death due to uterine rupture, and the
most recent report described two cases.14
This study includes the largest prospective report of
uterine rupture in women without a previous caesarean in
a Western country. The only other study mentioned in
the WHO systematic review reported a comparable
incidence of 0.6 per 10 000,6,15 attesting to the rarity of
uterine rupture in the absence of a previous caesarean in
Western countries. However, unlike previously reported,16
we demonstrate that severe maternal and neonatal morbidity and mortality are clearly higher in these cases as
compared to uterine scar rupture. Therefore, uterine
rupture should always be suspected in case of clinical
signs, particularly—but not exclusively—in the presence of
risk factors such as previous caesarean section, primiparity, induction of labour, epidural anaesthesia, overweight
or advanced age.
The majority of scar ruptures occur in the absence of
macroscopic or clinical signs of blood loss. Contrarily,
major haemorrhage, ICU admission and hysterectomy
occur more frequent with rupture of the unscarred uterus.
This is probably caused by a much lower index of suspicion in an unscarred uterus which may add to a delay in
diagnosing uterine rupture. There may also be reduced
blood loss in rupture of scar tissue compared to unscarred
uterine rupture. Major obstetric haemorrhage is also an
important presenting symptom of uterine rupture
diagnosed after childbirth, which represents 8.6% of all

ruptures. Therefore, differential diagnosis of major obstetric
haemorrhage after previous caesarean should always
include uterine rupture.
Controversy remains regarding the additional risk of
uterine surgical procedures in general history like D&C or
myomectomy. Even though perforations are known to go
unrecognized, evidence of a causal relationship remains
only circumstantial.17 However, we report 13 cases of uterine rupture in unscarred uteri in the absence of any known
risk factor.
A major strength of this study is that we prospectively
collected all cases of uterine rupture instead of relying on
ICD-10 codes. Therefore, the definition of uterine rupture
was uniform and could be explicitly confirmed. Other large
studies had to rely on ICD-codes for case ascertainment,3,5,
which have been shown to be only about 40% accurate.18
Another key strength of the study is its nationwide and
population-based design, giving a precise and generalisable
estimation of the incidence for a Western country. However, the nationwide design confers also the major limitation of the study, since specific reference values of the
pregnant population, such as previous method of caesarean
delivery or uterotonic agents used, are missing in the
national registries. This was met by using reference data
from a recent representative cohort of Dutch women
attempting trial of labour collected by Kwee et al.4 Unfortunately, we could not adjust relative risks for possible confounding variables, since only aggregated instead of
individual data were available for the nationwide reference
cohort of women without uterine rupture. Furthermore,
data on previous scar closure was not available, but single
layer closure is common practice in the Netherlands.
We found a 3.6-fold increased risk of uterine rupture
after induction of labour as compared to the general pregnant population, irrespective of agents used. Controversy
remains with respect to earlier stated additional risk of
induction of labour with prostaglandins. Several studies
report that induction with prostaglandins confers the highest risk of uterine rupture (relative risk up to 15), but two
large studies could not confirm this.4,19,20 Case ascertainment was suboptimal using ICD-9 codes, and bias by indication may also have played a role. For the Dutch setting,
Kwee et al.4 reported odds ratios among 3274 trials of
labour of 2.2, 3.8 and 6.8 for augmentation, induction and
induction with prostaglandins, respectively. Using the same
reference cohort, we could not confirm these high relative
risks few years later although reported incidences of uterine
rupture were similar. It is possible that the incidence has
stabilised as a result of the rising prevalence of previous
caesarean delivery on one hand, and the more restrictive
use of uterotonic agents in women with a uterine scar on
the other hand. When comparing our cohort of women
experiencing uterine rupture during trial of labour to the
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cohort of Kwee et al. (2002–03), we observed significantly
less induction of labour overall (P = 0.04) and with prostaglandins (P = 0.005).
Mechanical dilation of the cervix with Dilapam or balloon catheter seems to be a good alternative on theoretical
grounds,21 although we also encountered one case of uterine rupture after induction by mechanical dilatation alone.
The majority of all uterine ruptures (80.5%) occurred
during trial of labour. Assuming an estimated trial of
labour percentage after caesarean in the Netherlands of
71.7%, and a percentage of women with a previous caesarean of 10.1% as reported by Kwee et al.,4 25 989 trials of
labour were attempted in the Netherlands during the study
period. The risk of uterine rupture would then be 0.64%,
which is considerably lower than reported by Kwee (1.47%;
P < 0.001) and well within the range of reported incidences
in large reviews and retrospective studies of 0.22–0.74%.22
A previous VBAC is generally considered to be a protective factor for the occurrence of uterine rupture and its
complications during trial of labour. However, in our study
this seems to only apply to the fetus, if at all. Risk of severe
maternal morbidity seemed to be rather elevated after a
previous VBAC. This is an important observation that
needs to be addressed by future research.
With 29% of all previous caesareans being performed for
breech presentation, we clearly show the negative side
effects and long-term adverse consequences of routinely
performing elective caesarean for breech delivery.23–27
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While much attention has been paid to the risk of induction of labour, almost half of all scar ruptures occurred
during spontaneous labour. As the number of caesareans
needed to prevent one uterine rupture is very high, the
only means of reducing the incidence of uterine rupture is
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Mini commentary on ‘Uterine rupture in the Netherlands:
a nationwide population-based cohort study’
This population-based prospective cohort study generates questions that need to be considered in counselling and
managing women with previous caesarean section (CS) scar. The incidence of uterine rupture was 5.9 per 10 000
deliveries; the denominator was deliveries and not those who had a previous CS scar. This low incidence may be
because of the strict criteria used to define rupture and because of the lower incidence of women with previous CS in
Netherlands (CS rate was 14% in 2002). Eighty-seven percent of ruptures were in women who were known to have a
scar. Although induction of labour was associated with a relative risk of 3.6, 72% of rupture occurred during spontaneous labour and rupture was witnessed at various cervical dilatations. The morbidity and mortality for the infant
was higher with a rupture and the most common symptom and sign were abdominal pain and an abnormal fetal
heart rate (FHR) pattern and were witnessed in two-third of cases. These observations are likely to bring about reservations to the leniency expressed in management of women having labour remote from hospital and not having continuous fetal monitoring if they were not on oxytocics or not well advanced in labour.
In univariate analysis, advanced age, pre- and post-term pregnancy, over weight, non-Western ethnic background
and use of epidural had an elevated risk of uterine rupture. It would be difficult to change these factors in a given
labour except the epidural analgesia. There is no mechanism to explain why epidural should increase the risk of uterine rupture. Anecdotal cases suggest that it may be because of an increase in intra-abdominal and thereby the intrauterine pressure causing stress on the scar over a period of time when the woman is flexed to administer the
epidural. This may be greater in an over weight woman. One may not be able to avoid the rupture, but diagnose it
early if continuous electronic fetal monitoring (EFM) is undertaken during this time.
An acute bradycardia, rapidly worsening cardio toco-graphy (CTG) pattern (increase in depth and duration of
decelerations within a 10 to 20 minutes window) or CTG changes with abdominal pain are likely to be associated
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with a rupture or impending rupture. But FHR changes of a ‘lesser degree’ can be because of other causes other than
scar rupture. There is no mechanism to determine that the FHR changes are because of a mechanism of cord compression similar to what may occur in a woman without a scar and not because of imminent scar rupture. This philosophy will tempt one to postpone operative intervention by doing a fetal pH by scalp blood sampling (FBS). In
such situations, review of the whole clinical picture, that is, parity, current cervical dilatation, rate of dilatation,
whether the woman is on oxytocin (Alliance Pharmaceuticals, Chippenham, UK) infusion and other risk factors may
help in making an appropriate decision to intervene and deliver or to do FBS. Certainly, one needs to be hesitant to
allow progress with repeated FBSs.
We should aim to reduce primary CS rates, scrutinise indications and avoid if possible induction in women with
previous CS to reduce the incidence of uterine rupture. We should provide information to women and the levels of
risk for them to consider regarding the place of labour, use of EFM, epidural and FBS to provide satisfaction, but
minimise risks associated with uterine rupture.
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Editor-in-Chief’s Commentary
Continuous fetal heart rate monitoring is a sensitive screening test for fetal hypoxia. However, because hypoxia can
be produced and fetal heart rate (FHR) patterns affected by temporary factors that do not lead on to acidosis, such as
intermittent cord compression and maternal postural hypotension, it has a high false positive rate for asphyxia.
Indeed, only about half of fetuses with even the most abnormal FHR patterns will have a significant acidosis (Beard
et al., J Obstet Gynaecol Br Commonw 1971;78:865–81). The most direct way to assess fetal acidosis is to take a fetal
blood sample and measure its pH (FBS), and this has been promoted as a way to avoid an unnecessarily high caesarean section (CS) rate for ‘fetal distress’ (Parer, Clin Obstet Gynecol 1980;23(2):565–82). However, there is surprisingly
little objective evidence to support the usefulness of FBS. For example, the latest guidelines of the National Institute
for Health and Clinical Excellence (NICE) in the UK (updated June 2008, http://www.nice.org.uk/nicemedia/pdf/
CG55FullGuideline.pdf), state that ‘There is limited evidence from randomised trials that FBS with continuous fetal
monitoring may reduce instrumental birth and CS. The research evidence does not support the use of FBS because of
the lack of direct comparison, but clinical experience and evidence from indirect comparisons suggests that FBS
avoids some instrumental births and CS’. Thus, the use of FBS is based on clinical impression rather than on direct
evidence and in many parts of the world (for example the USA), it is seldom used. The NICE guidelines go on to
state that ‘Where assisted birth is contemplated because of an abnormal FHR pattern, in cases of suspected fetal acidosis FBS should be undertaken in the absence of technical difficulties or any contraindications. Where there is clear
evidence of acute fetal compromise (for example, prolonged deceleration >3 minutes), FBS should not be undertaken
and urgent preparations to expedite birth should be made’. One contraindication is suspected chorio-amnionitis. pH
is not usually abnormal, except in the terminal stages, in fetuses affected by infection (Maberry et al., Obstet Gynecol
1990;76:351–4) and thus, FBS is inappropriate if it is thought that fetal compromise is secondary to this cause. In my
view, another contraindication is a uterine scar. Fetal oxygenation is unlikely to be sufficiently impaired to cause acidosis until a scar rupture is substantial, by which time the decision to deliver is arguably already too late. In the current study by Zwart et al., an abnormal fetal heart rate pattern was one of the signs that led to the diagnosis of
uterine rupture in two-thirds (67%) of cases. As uterine rupture can progress very rapidly from the initial signs
through to a catastrophic collapse of both maternal and fetal circulations secondary to haemorrhage, I would argue
that the finding of a normal fetal pH despite an abnormal FHR pattern cannot be regarded as sufficient reassurance
that the labour should be allowed to continue. I agree with the authors’ conclusion that ‘Caesarean delivery should be
immediately performed in case of suspicion of uterine rupture, without prior assessment of fetal condition by fetal
scalp blood sampling’, because delaying delivery may prove fatal.
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