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ORIGINAL ARTICLE
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Finland

Matias Vaajalaa , Rasmus Liukkonena, Ville Ponkilainenb, Maiju Kekkic,d, Ville M. Mattilaa,e and
Ilari Kuitunenf,g
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Central Hospital Nova, Jyv€askyl€a, Finland; cDepartment of Obstetrics and Gynecology, Tampere University Hospital, Tampere, Finland;
dCenter for Child, Adolescent and Maternal Health Research, Tampere University, Tampere, Finland; eDepartment of Orthopaedics
and Traumatology, Tampere University Hospital Tampere, Finland; fDepartment of Pediatrics, Mikkeli Central Hospital, Mikkeli,
Finland; gInstitute of Clinical Medicine and Department of Pediatrics, University of Eastern Finland, Kuopio, Finland

ABSTRACT
Purpose: Even though the risks and advantages of repeat Cesarean sections (CSs) and vaginal
births after cesarean section (VBACs) are well studied, there is a scarcity of information on the
effects of previous CS on maternal and fetal outcomes during subsequent deliveries. The aim of
this study is to evaluate delivery mode and fetal outcomes in a trial of labor after cesarean sec-
tion (TOLAC).
Methods: In this nationwide retrospective cohort study, data from the National Medical Birth
Register (MBR) were used to evaluate the outcomes of TOLACs. TOLACs were compared to the
outcomes of the trial of labor after previous successful vaginal delivery. A multivariable logistic
regression model was used to assess the primary outcomes (delivery mode, neonatal intensive
care unit, and perinatal/neonatal mortality). Adjusted odds ratios (aORs) with 95% confidence
intervals (CIs) were used for comparison.
Results: A total of 29 352 (77.0%) women attempted vaginal delivery in the TOLAC group. In
the control group, 169 377 (97.2%) women attempted vaginal delivery. The adjusted odds for
urgent CS (aOR 13.05, CI 12.59–13.65) and emergency CS (aOR 3.65, CI 3.26–4.08) were notably
higher in the TOLAC group when compared to the control group. The odds for neonatal inten-
sive care unit treatment (aOR 2.05, CI 1.98–2.14), perinatal mortality (aOR 2.15, CI 1.79–2.57), and
neonatal mortality (aOR 1.75, CI 1.20–2.49) were higher in the TOLAC group.
Conclusions: The odds for emergency CS were higher among women who underwent TOLAC.
The odds for neonatal intensive care and perinatal mortality were also higher, and further
research is needed to identify those expecting women who are better suited for TOLAC to min-
imize the risk for a neonate. The results of this study should be acknowledged by the mother
and the clinician when considering the possibility of vaginal births after cesarean section.
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Introduction

Vaginal births after cesarean section (VBACs) are a
suggested alternative to repeated cesarean sections
(CSs). The trend of increasing CS rates had evoked
worldwide attention for both healthcare workers and
the general population. Many studies have assessed
the worldwide incidence of CS and it has been found
to be increasing rapidly [1,2]. Despite the rapidly
increasing incidence worldwide, the rates of CS have
remained low (19% in 2020) in Finland [3]. High-
income European countries have an uneven

distribution of CS rates, with Southern European coun-

tries, such as Italy and Cyprus having higher rates
[4,5]. Although the World Health Organization (WHO)

recommends a CS rate not higher than 15%, it has

been recently suggested 19% would be more reason-

able yet still effective in reducing maternal and neo-
natal morbidity and mortality [6].

The main factor contributing to these discrepancies
is the prevalence of repeat cesarean sections within

and across countries, with Italy having the highest CS

rate in Europe at almost 40% [4,5]. Multiple repeat CS
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are known to be risk factors for adverse events, such
as uterine rupture and intraoperative complications
[7]. Multiple repeat cesarean deliveries are associated
with more difficult surgery and increased blood loss
compared with a second planned cesarean delivery,
and the risk of major complications increases with a
cesarean delivery number [8]. In comparison to
repeated cesarean, VBACs have been associated with
lower maternal mortality, but higher perinatal mortal-
ity [9]. Furthermore, the risk of uterine rupture has
increased [9].

According to a 10-year survey in the United States,
the rates of successful VBAC in the United States vary
between 38.5% and 69.8% [10]. A study in Taiwan
reported that the rate of VBAC among those mothers
who attempted vaginal delivery was 85% [11].
According to a large multicenter study in the United
States in 2012, the total VBAC was 71.8%, and the rate
rose with an increasing number of prior VBACs [12].

The literature on maternal delivery and fetal out-
comes in Finland is lacking. A recent study by
Toijonen et al. found that higher rates of elective CS
and emergency CS were found among women with
pregnancies after previous preterm cesarean breech
birth [13]. Also, the need for neonatal intensive care
unit treatment was higher in this group [13]. Another
study in 2017 found out that the rate of vaginal deliv-
ery was 72.9%, and the rate of repeat CS for failed
induction or labor dystocia was 17.7% among TOLAC
pregnancies [14].

Even though the risks and advances of multiple
repeat CSs and VBACs are well studied, epidemio-
logical studies assessing the clinical importance of the
effects of previous CS on maternal and fetal outcomes
in subsequent deliveries are lacking. As the incidence
of CS is currently rapidly increasing [1,2], studies
assessing the effects of previous CS on maternal and
fetal outcomes in subsequent pregnancies are war-
ranted. The authors hypothesize that women with a
trial of labor after cesarean section (TOLAC) have
poorer maternal and fetal outcomes in subsequent
pregnancies. The aim of this study is to evaluate the
mode of delivery and fetal outcomes of the trial of
labor after cesarean sections (TOLACs) using nation-
wide high-quality registers.

Materials and methods

In this nationwide retrospective register-based cohort
study, data from the National Medical Birth Register
(MBR), which is maintained by the Finnish Institute for
Health and Welfare were used to evaluate the

outcome of TOLACs, when compared to the outcome
of a trial of labor in pregnancies following first suc-
cessful vaginal delivery. All labors after CS, where vagi-
nal delivery is attempted are defined as TOLACs
(including urgent and emergency CS), whereas the
term VBAC includes only those with successful vaginal
delivery after CS. The MBR has high coverage and
quality (the current coverage is nearly 100%) [15,16].
The study period was from 1st of January 2004 to
December 31st, 2018.

The MBR contains data on pregnancies, delivery sta-
tistics, and the perinatal outcomes of all births with a
birthweight of � 500 g or a gestational age of �
22þ0weeks. All nulliparous women, who had their first
and second singleton pregnancy during our study
period, and with the mode of delivery identified in
both of these pregnancies were included in this study.
Pregnancies with unknown modes of delivery and
non-singleton pregnancies were excluded from the
analysis. Mothers who had only one pregnancy during
our study period were excluded from the analysis. In
addition, the 3rd or later pregnancies from the moth-
ers included were also excluded from the analysis.
Women with TOLAC were compared to the control
group, consisting of women with successful vaginal
delivery in their first pregnancy and trial of labor in
2nd pregnancy. In both trials of labor groups, women
giving birth with elective CS were excluded. Successful
vaginal delivery includes also breech, vacuum, and for-
ceps deliveries. The process used to form the study
groups is shown as a flowchart in Figure 1.

Statistical analysis

Continuous variables were interpreted as means with
standard deviations (SDs) or as a median with an
interquartile range (IQR) based on the distribution of
the data. The categorical variables are presented as
absolute numbers and percentages. Student’s t-test,
Mann–Whitney U-test, and Chi-Squared tests were
used for group comparisons. A p-value under .05 was
considered statistically significant. The multivariable
logistic regression model was used to assess the pri-
mary outcome in attempted vaginal deliveries.
Women with TOLAC were compared to the control
group.

The exposure variable was the type of previous
pregnancy (successful vaginal delivery/CS). The mater-
nal outcome was the mode of delivery (successful
vaginal delivery/urgent CS/emergency CS) in the
second delivery of the mother. Unplanned CS includes
urgent and emergency CS. Urgent CS is defined as a
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CS made on duty, but it is not an emergency situ-
ation, whereas emergency CS is performed when there
is an immediate threat to the life of a fetus and/or
mother. The model was adjusted by the smoking sta-
tus of the mother, maternal length and pre-pregnancy
body mass index (BMI, kg/m2), need for induction of
labor, gestational weeks, birthweight, and age of the
mother, shoulder dystocia, and 5-min Apgar points, as
these are known to have an effect on the risk for
urgent/emergency CS [17–22]. The fetal outcome was
the need for an intensive care unit and perinatal/neo-
natal mortality. The model for neonatal intensive care
and perinatal/neonatal mortality was adjusted by
maternal smoking status and gestational diabetes, as
these are known to be risk factors for adverse health
effects for the neonate [23,24]. Adjusted odds ratios
(aORs) with 95% confidence intervals (CIs) were used
for comparisons. The aORs were calculated separately
for urgent and emergency CS, neonatal intensive care
unit treatment, and perinatal/neonatal mortality.

Perinatal mortality included stillbirths, those who died
during labor, and neonatal mortality up to 7 d of age.
The results of this study are reported according to
STROBE guidelines [25]. The statistical analyses were
conducted on R version 4.0.3 for Windows, developed
by the R Foundation for Statistical Computing in
Vienna, Austria.

Ethics

All methods were carried out in accordance with
Finnish regulations. The ethical committee of Tampere
university hospital has waived the ethical committee
evaluation of all retrospective studies utilizing rou-
tinely collected healthcare data and this decision is
based on the law of medical research 488/1999 and
the law of patient rights 785/1992. In accordance with
Finnish regulations (the Law on the secondary use of
routinely collected healthcare data 552/2019), no eth-
ical informed written consent was required because of

Figure 1. Flowchart depicting the process used to divide the study population into groups. Trial of labors after cesarean section
(TOLACs) were compared to the control group. Exclusion criteria for the pregnancies in this study were the following: Only the
first and second pregnancies of the mother were included. However, pregnancies of mothers who had only one pregnancy during
our study period were excluded from the analysis. In addition, women with a missing delivery mode in either of included preg-
nancies were excluded from the analysis.
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the retrospective register-based study design, and the
patients were not contacted. The authors did not have
access to the pseudonymization key, as it is
maintained by Findata. Permission for the use of the
data was granted by Findata after the evaluation of
the study protocol. (Permission number: THL/1756/
14.02.00/2020)

Results

A total of 29 352 (77.0%) women attempted vaginal
delivery in the TOLAC group. In the control group, 169
377 (97.2%) women attempted vaginal delivery after
their first pregnancy. Women in the TOLAC group
were older at the time of 2nd pregnancy than women
in the control group (31.0 years vs. 29.6 years). A
higher rate of women were confirmed smokers at the
time of pregnancy in the TOLAC group (13.6% vs.
11.2%), compared to the control group. Women in the
TOLAC group had a notably lower rate of successful
vaginal deliveries (69.3% vs. 96.8%), a higher rate of
urgent CS (28.3% vs. 2.7%), and a higher rate of emer-
gency CS (2.4% vs. 0.5%) than women having a suc-
cessful vaginal delivery as their first pregnancy. Also,
the rate for vacuum deliveries was higher in the
TOLAC group (16.0% vs. 3.0%). (Table 1) Women in
the TOLAC group had a higher rate of preterm deliv-
eries when compared to the control group (5.5% vs.
3.6%). Lower rate of fetal asphyxia (umbilical arterial
Ph < 7.00) was observed in the TOLAC group (6.5%
vs. 11.6%). Of these, a higher rate of neonates
required respiratory treatment in the TOLAC group
(1.1% vs. 0.5%). (Table 2)

In the logistic regression analyses, the adjusted
odds for unplanned CS (28.3% vs. 2.7%; aOR 13.05, CI
12.59�13.65) and emergency CS (2.4% vs. 0.5%; aOR
3.65, CI 3.26�4.08) were notably higher in TOLAC
group, when compared to the control group. In the
models for fetal outcomes, the adjusted odds for neo-
natal intensive care unit treatment (13.2% vs. 6.8%;
aOR 2.05, CI 1.98�2.14), perinatal mortality (0.5% vs.
0.3%; aOR 2.15, CI 1.79�2.57) and neonatal mortality
(0.1% vs. 0.1%; aOR 1.75, CI 1.20�2.49) were all
increased in TOLAC group, when compared to the
control group. (Table 3)

Discussion

The main finding of this study is that the odds for
emergency CS were markedly higher among women
with previous CS. Also, the odds for unplanned CS
showed a markable increase, but as the indications for
unplanned CS have such a large scale, precise conclu-
sions based only on current register data should not
be made. Furthermore, the need for neonatal intensive
care unit treatment was higher in the TOLAC group,
as were the rates of perinatal and neonatal mortality
also.

The odds for emergency CS are interestingly high.
Similar findings were observed in a recent study inves-
tigating the TOLAC outcomes after previous preterm
cesarean breech birth [13]. According to a study in
2013, the main risk factors for emergency CS in
TOLACs were no prior vaginal delivery, index emer-
gency cesarean during labor, maternal age �35 years,
pre-pregnancy body mass index �30, and birthweight
4000–4499 g [26]. However, due to the crude nature

Table 1. Information on the study groups (at the time of the second pregnancy).
TOLAC group Control group

Total number 29,352 169,377
n % n % p-value

Age (mean; sd) 31.0 (4.7) 29.6 (4.7) < .001
Time difference between 1st and 2nd pregnancy (mean; sd) 3.0 (1.7) 2.8 (1.6) < .001
Maternal length (cm) (mean; sd) 164.5 (6.1) 166.0 (6.0) < .001
unknown 168 0.6 1138 0.7
Maternal BMI (kg/m2) (mean; sd) 25.4 (5.3) 24.3 (4.7) < .001
Unknown 583 2.0 3997 2.4
Smoking status
Confirmed smoker 3988 13.6 18,942 11.2 < .001
Unknown 1164 4.0 5338 3.2
Shoulder dystocia 98 0.3 465 0.3 < .001
Mode of delivery
Successful vaginal delivery 20,342 69.3 163,965 96.8 < .001
Urgent CS 8294 28.3 4563 2.7 < .001
Emergency CS 716 2.4 847 0.5 < .001
Mode of successful vaginal delivery
Breech or forceps 71 0.2 1190 0.7 < .001
Vacuum 4699 16.0 5239 3.0 < .001

Women with the trial of labor after cesarean section (TOLAC) were compared to the control group, consisting of women with a successful vaginal deliv-
ery as their 1st pregnancy. CS: Cesarean section.
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of our data, the reasons behind the notably higher
rate of emergency CS among women with previous
CS remains unknown. The register does not contain
the indication for emergency CS and therefore we
were unable to identify whether the increased need
for emergency CS would be due to maternal or fetal
emergencies. Our data doesn’t identify the event,
where elective CS was converted into urgent CS due
to the onset of labor before the scheduled elective CS
and these are classified as urgent in the Finnish MBR.
Therefore, the notably higher rate of emergency CS is
a valid and important finding, as emergency CS is
made based on strict criteria, and clear signs of dan-
ger either for the mother or for the fetus are required.

The rates of vacuum deliveries were also markedly
higher in the TOLAC group. One possible explanation
for this finding might be, that in the TOLAC group,
there might be higher rates of labor dystocia and pro-
longed pregnancy, as these are known to be possible
indications for urgent CS or vacuum-assisted delivery
[27,28]. However, this topic has not been previously

studied among TOLACs, as the previous studies are
focused on the outcome of different delivery methods
instead of the indications.

Based on our results, the total success rate for
VBAC was 69.3%, which is similar to some of the find-
ings in previous literature. In the United States, the
success rate was found to be between 38.5% and
69.8% [10]. In Taiwan, the success rate of VBAC among
those mothers who ended up attempting vaginal
delivery was 85% [11]. According to a large multicen-
ter study in 2012, the total success rate of VBAC was
71.8% [12]. However, in the present study, only the
first VBACs were included, which is most likely to
decrease the success rate, as later VBACs after a suc-
cessful VBAC are known to have a higher success rate
[12]. In previous literature it has been suggested that
the most important goal to improve the VBAC rate is
in the first VBAC after one CS [29]. However, it has
been also found that the risk of uterine rupture in
TOLAC was not increased after two previous CS [29].
The probability of VBAC is important to evaluate when

Table 2. Information on neonates and neonatal outcomes (at the time of second pregnancy).
TOLAC group Control group

Total number 29,352 169,377
n % n % p-value

Birth length (cm) (mean; sd) 50.3 (2.6) 50.3 (2.3) < .001
Birthweight (grams) (mean; sd) 3559 (562) 3584 (510) < .001
Preterm < 37þ 0weeks 1600 5.5 6106 3.6 < .001
Asphyxia (Ph < 7.00) 1920 6.5 1967 11.6 < .001
5-min Apgar � 6 1057 3.6 1915 1.1 < .001
Neonatal intensive care unit 3877 13.2 11,508 6.8 < .001
Required respiratory treatment 321 1.1 876 0.5 < .001
Perinatal mortality 159 0.5 439 0.3 < .001
Stillbirth 121 0.4 312 0.2 < .001
During the first week 38 0.1 127 0.1 < .001
Neonatal status 7 d postpartum
at home 27,310 93.0 162,655 96.0 < .001

Women with the trial of labor after cesarean section (TOLAC) were compared to the control group, consisting of women with a
successful vaginal delivery as their 1st pregnancy.�Died before birth or during the first week after delivery.

Table 3. Adjusted odds ratios (aORs) with 95% confidence intervals (Cis) for delivery mode and fetal
outcomes.

TOLAC group Patient group

Total number 29,352 169,377
n % n % aOR� (CI)

Delivery mode
Unplanned CS 9010 30.5 5410 3.2 13.05 (12.59–13.65)
Emergency CS 716 2.4 847 0.5 3.65 (3.26–4.08)
Fetal outcome aOR�� (CI)
Intensive care unit 3877 13.2 11,508 6.8 2.05 (1.98–2.14)
Perinatal mortality 121 0.5 312 0.3 2.15 (1.79–2.57)
Neonatal mortality 38 0.1 127 0.1 1.75 (1.20–1.49)

Women with a trial of labor after cesarean section (TOLAC) were compared to the control group consisting of women with a
trial of labor after successful vaginal delivery. CS: Cesarean section.
*The models for delivery mode were adjusted by the smoking status of the mother, maternal length and pre-pregnancy body
mass index (BMI, kg/m2), need for induction of labor, gestational weeks, birthweight, age of the mother, shoulder dystocia,
and 5-min Apgar points.��The model for neonatal intensive care and perinatal/neonatal mortality was adjusted by maternal smoking status and gesta-
tional diabetes.
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considering TOLAC, as a failed VBAC increases the risk
of maternal complications more than a repeat elective
CS [30,31].

The adverse fetal outcomes were clearly higher in
the TOLAC group. As the odds for neonatal intensive
care were increased, it is important to acknowledge,
that a notably higher rate of CS in the TOLAC group
contributed to the increased odds of neonatal inten-
sive care. Also, the higher rate of preterm deliveries in
the TOLAC group partly explains the higher need for a
neonatal intensive care unit. A recent study by
Toijonen et al. also found higher odds for neonatal
intensive care [13], but the predicting model in this
study was an unadjusted model, which most likely
overestimates the observed results. Another recent
population-based study found slightly higher odds for
the need for neonatal intensive care, but the increase
in this study was not as high (OR 1.12, 95% CI 1.09–
1.16) as in our current study [32]. Thus, the increased
need for neonatal intensive care unit treatment should
be noted when deciding the delivery method in the
next pregnancy after a previous CS. Importantly, the
odds for perinatal and neonatal mortality were clearly
increased in the TOLAC group, which should be
acknowledged in clinical decision-making. Although
our current study can’t provide clear reasons for the
increased mortality, raises it its reasons to concern.
Future studies should focus on the optimal recogni-
tion of mothers, who may have TOLAC and those
whose elective CS is recommended due to the
increased risks in the neonatal period.

The strengths of our study are the large nationwide
register data used and the long study period, which
allowed us to analyze the VBACs using a large study
population [15,16]. Register data used in our study are
routinely collected in structured forms using national
instructions, which ensures good coverage (over 99%)
and reduces possible reporting and selection biases.
The main limitation of this study is that the indications
behind CS delivery are not registered in the MBR,
which means that indications for these delivery meth-
ods remain unknown. Thus, it is unknown whether the
patient had planned elective CS or attempted vaginal
delivery before undergoing unplanned CS. Also, typical
contraindications against TOLAC, such as uterine scar
remain unknown in our data [33]. Also, despite the
many confounding factors available in our data, there
are some confounding factors that are not available in
our data, such as presentation, obstructed labor, fetal
distress, duration of the labor, and maternal facility
center which might have an influence on our results.
According to previous literature, practice pattern is in

fact a major driver of the variability of delivery modes
across facilities [4,5,34].

Conclusion

The odds for emergency CS were higher among
women with TOLACs. The odds for neonatal intensive
care and perinatal mortality were higher. Further
research is needed to recognize expecting women
better for TOLAC to minimize the risk for the neonate.
The results of this study should be acknowledged by
the mother and the clinician when considering the
possibility of VBAC.
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