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BACKGROUND: Choice of delivery route after previous cesarean

delivery can be difficult because both trial of labor after cesarean delivery

and elective repeat cesarean delivery are associated with risks. The major

risk that is associated with trial of labor after cesarean delivery is uterine

rupture that requires emergency laparotomy.

OBJECTIVE: This study aimed to estimate the occurrence of uterine

rupture during trial of labor after cesarean delivery when lower uterine

segment thickness measurement is included in the decision-making

process about the route of delivery.

STUDY DESIGN: In 4 tertiary-care centers, we prospectively recruited
women between 34 and 38 weeks of gestation who were contemplating a

vaginal birth after a previous single low-transverse cesarean delivery.

Lower uterine segment thickness was measured by ultrasound imaging

and integrated in the decision of delivery route. According to lower uterine

segment thickness, women were classified in 3 risk categories for uterine

rupture: high risk (less than 2.0 mm), intermediate risk (2.0e2.4 mm), and
low risk (�2.5 mm). Our primary outcome was symptomatic uterine

rupture, which was defined as requiring urgent laparotomy. We calculated

that 942 women who were undergoing a trial of labor after cesarean

delivery should be included to be able to show a risk of uterine rupture

<0.8%.

RESULTS: We recruited 1856 women, of whom 1849 (99%) had a

complete follow-up data. Lower uterine segment thickness was<2.0 mm

in 194 women (11%), 2.0e2.4 mm in 217 women (12%), and�2.5 mm

in 1438 women (78%). Rate of trial of labor was 9%, 42%, and 61% in the

3 categories, respectively (P<.0001). Of 984 trials of labor, there were no

symptomatic uterine ruptures, which is a rate that was lower than the

0.8% expected rate (P¼.0001).

CONCLUSION: The inclusion of lower uterine segment thickness

measurement in the decision of the route of delivery allows a low risk of

uterine rupture during trial of labor after cesarean delivery.
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I n the last 3 decades, the rate of ce-
sarean deliveries has been rising

continuously worldwide and has
reached >30% in many countries. A
major contributor to this trend is the
concomitant decline in the percentage of
trial of labor after cesarean delivery
(TOLAC) and vaginal birth after cesar-
ean delivery (VBAC).1 Fear of intra-
partum uterine rupture, a rare
(0.4e1.1%) but potentially catastrophic
complication of TOLAC, represents the
main reason for this trend.2 Uterine
rupture can lead to perinatal asphyxia or
death and severe maternal complica-
tions.3,4 The alternative for TOLAC is to

perform an elective repeat cesarean de-
livery (ERC). ECR will reduce the risk of
uterine rupture but can also be associ-
ated with risks of short-term maternal
complications, such as hemorrhage,
hysterectomy, thromboembolism, and
neonatal complications that include
respiratory distress syndrome.5-7 In
addition, cesarean delivery is associated
with a higher risk of longer term com-
plications, such as placenta praevia and
accreta in future pregnancies.8,9 There-
fore, the selection of the good candidate
who is at low risk for uterine rupture
during TOLAC is crucial.
Assessment of lower uterine segment

(LUS) thickness by ultrasound imaging
in the third trimester of pregnancy has
been proposed to predict the risk of
uterine rupture.10-14 A landmark study
by Rozenberg et al13 showed that the risk
of a defective scar at delivery (uterine
scar dehiscence and uterine rupture) is
related directly to the degree of thinning
of the LUS. They reported a risk of

uterine scar defect at delivery of 16% of
women Q4when the LUS thickness was
<2.5 mm compared with 0.7% when the
thickness was 3.5 mm or more.13 More
recently, a LUS thickness of <2.3 mm
was identified as a significant risk factor
for uterine rupture.14 Although meta-
analyses report no LUS thickness cut-
off that can predict all uterine ruptures,
most authors agree that the risk is high
when the LUS thickness is<2.0 mm.10,11

We aimed to evaluate the occurrence
of uterine rupture when LUS thickness
measurement was included in the deci-
sion about delivery route in a large
cohort of womenwhowanted to attempt
TOLAC.

Materials and Methods
Study design and participants
We conducted a prospective cohort
study between April 2009 and June 2013
in 3 Canadian Hospitals (Centre Hos-
pitalier Universitaire de Québec,
Québec; CentreHospitalier Universitaire
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Sainte-Justine, Montreal; Centre Hospi-
talier Universitaire Fleurimont, Sher-
brooke) and a Swiss Hospital (Hôpitaux
Universitaires de Genève, Geneva). We
recruited women who were contem-
plating a TOLAC with a single previous
low-transverse cesarean delivery and a
singleton pregnancy in cephalic presen-
tation. The likelihood of VBAC and the
risk of uterine rupture were evaluated
and discussed between 34 weeks 0 days
and 38 weeks 6 days of gestation.

Procedures
After informed consent was obtained
from the participant, a research nurse or
midwife recorded maternal characteris-
tics and medical and reproductive
history, including the features of the
previous cesarean delivery. Body mass
index was calculated with the use of the
maternal weight at inclusion (end of
pregnancy). Tobacco use was considered
when the woman was currently smok-
ing. Diabetes mellitus included gesta-
tional and pregestational diabetes
mellitus. Previous cesarean delivery that
was performed for labor dystocia, ceph-
alopelvic disproportion, descent arrest,
or failure to progress was reported as
previous cesarean delivery for recurrent
reason.

Examination of the LUS was
performed with transabdominal and
transvaginal ultrasound imaging with
Voluson Expert or Voluson E8 (GE

Healthcare, Milwaukee, WI) between 34
weeks 0 days and 38 weeks 6 days of
gestation by a trained sonographer or
midwife who was supervised by a
maternal-fetal medicine specialist in
each center. At least 6 measurements (3
transabdominal and 3 transvaginal) of
the LUS thickness were performed, with
the use of the method previously
described (Figure ½F1�).14 The thinnest LUS
value was retained. Fetal biometry (head
circumference, biparietal diameter,
abdominal circumference, femur length)
was measured to estimate fetal weight
with the use of the Hadlock formula.15

According to LUS thickness, women
were classified in 3 risk categories for
uterine rupture during TOLAC: high
risk (<2.0 mm), intermediate risk
(2.0e2.4 mm), and low risk (�2.5 mm).
Participants and their health care pro-
viders were informed of the risk cate-
gory. All participants met with the
obstetrician after the LUS assessment.
During this consultation, each woman
was informed about her risk of uterine
rupture during TOLAC according to
LUS thickness (average of 0.5e1%, most
likely >1% when LUS is <2.0 mm and
most likely <0.5% when LUS thickness
is �2.5 mm); the consequences of
uterine rupture (including perinatal
asphyxia and death), the maternal and
neonatal complications of ECR, and the
chances of successful VBAC based on
the indication of previous cesarean

delivery (recurrent or not), previous
vaginal birth, and estimated fetal weight.
Finally, women were informed that
mode of delivery would be discussed
again in case of induction of labor or in
case of labor dystocia. The institutional
ethics committee in each center
approved the study. Medical records
were reviewed for obstetric and neonatal
outcomes after delivery.

Our primary outcome was symptom-
atic uterine rupture, defined as a com-
plete separation of the uterine scar that
resulted in protrusion of fetal or placental
parts in the peritoneal cavity and required
urgent laparotomy. Secondary outcomes
included incidental scar disruption
(complete opening of the previous scar
without protrusion of fetal or placental
parts in the peritoneal cavity) and uterine
scar dehiscence (defined as a small win-
dow in the LUS) that was diagnosed
during cesarean delivery. A routine
manual revision of the LUS integrity was
not performed after vaginal birth.

Other secondary outcomes included
the rates of TOLAC and VBAC, maternal
outcomes (postpartum hysterectomy,
blood transfusion, and maternal death),
neonatal outcomes (5-minute Apgar
score<7, cord blood pH<7.0, perinatal
asphyxia [defined as a 5-minute Apgar
score <4, a cord blood pH <7.0 when
available], and evidence of altered
neurologic status, and/or multisystem
organ failure), and intrapartum or
neonatal death.

Statistical analysis
Labor and delivery characteristics and
uterine scar defects were reported
according to LUS thickness categories
(<2.0 mm, 2.0e2.4 mm, and �2.5
mm). Neonatal and maternal outcomes
were stratified according to intended
mode of delivery. We estimated that the
use of the LUS thickness could result in a
low risk of uterine rupture in women
who undergo TOLAC. We calculated
that a minimum of 942 women who
underwent a TOLAC should be included
to exclude the value of 0.8% from our
estimate of the risk of uterine rupture
(1-sided test; a¼.05; power¼0.80)
should the observed risk be 0.2%. We
estimated that a minimum of 1450
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FIGURE
Lower uterine segment thickness

Lower uterine segment thickness measured by a A, transabdominal and a B, transvaginal scan.
Jastrow et al. Lower uterine segment thickness and uterine rupture. Am J Obstet Gynecol 2016.
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