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AbStRAct
Objectives: Cesarean section is a lifesaving procedure with short and long-term consequences. Growing rates of cesar-
ean sections worldwide arise problems for subsequent birth. The aim of this study was to compare safety of vaginal birth 
after two cesarean sections with repeat third cesarean section to help healthcare providers and patients make well informed 
decisions about mode of subsequent delivery.

Material and methods: This was a retrospective cohort study conducted in a tertiary reference hospital. Database of all 
deliveries (2010–2017) after two previous cesarean sections was created from electronic and paper medical records. Preterm 
deliveries, abnormal karyotype and neonates with congenital anomalies were excluded from the study. The final analysis 
included 412 cases for maternal outcome analysis and 406 cases for neonatal outcome analysis.

Results: Trial of labor after two cesareans in comparison to repeat cesarean section increases the risk of hemorrhage  
(OR: 10.84) and unfavorable composite maternal outcome (OR: 2.58). Failed trial of labor increases this risk of hemorrhage  
(OR: 15.27) and unfavorable composite maternal outcome (OR: 4.59) even further. There were no significant differences in neo-
natal outcomes. 22 out of 35 trials of labor ended in successful delivery giving a success rate of 62.85%. 5 of 7 labor inductions 
ended in repeat cesarean section giving 28.6% success rate. There were no maternal deaths and emergency hysterectomies.

conclusions: Trial of labor, especially failed trial of labor, is associated with an increased risk of perinatal complications.
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IntROductIOn
Cesarean section is a well-established surgical tech-

nique when vaginal delivery carries a substantial risk for 
the mother or baby or is otherwise contraindicated. Despite 
obvious benefits it may pose serious short and long-term 
consequences [1, 2]

Cesarean section rates are increasing worldwide, being 
as high as 55% in some regions. The current rate of cesar-
ean delivery in Poland is 36.1% [3–6]. Women with a previous 
cesarean section decide on having another child regardless 
of the documented higher risks of such pregnancy [7, 8]. 
Choosing the right mode of delivery is a challenge for the 
mother and healthcare provider. Both vaginal delivery after 
cesarean and repeat cesarean delivery (RCS) are associated 
with maternal complications [9–13]. Risk of most maternal 
complications increases proportionally to the number of 
cesarean sections [14, 15]. Whether or not trail of labor 

after two cesarean sections (TOLAC-2) increases neonatal 
mortality is still to be established. [16–18].

Obstetric colleges worldwide, including Polish, recom-
mend trial of labor after one cesarean and state that trial 
after two cesareans is not contraindicated [19–21].

Objectives
The aim of this study was to make a pragmatic compari-

son of TOLAC-2 and RCS. These results may help clinicians 
and women make informed decisions about delivery route. 
The main thesis of this study was that TOLAC-2 carries no 
greater risk than RCS.

MAteRIAl And MethOdS
Anonymous electronic records of all 47,011 singleton de-

liveries between 2010–2017 were extracted from the hospital 
patient management system. 432 records of women with pre-
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vious two cesarean deliveries were identified, and individual 
paper records were analyzed to extract data unavailable in 
electronic records. Predefined exclusion criteria for maternal 
outcome were: preterm deliveries (17 cases), placenta previa 
(3 cases). 412 cases were included in the maternal analy-
sis. Predefined exclusion criteria for neonatal outcome were: 
abnormal karyotype, major congenital anomalies (definition: 
EUROCAT Guide 1.4) [22]. 406 cases were included in the neo-
natal analysis. Data extraction process is shown on Figure 1.

The cohort was divided into two groups depending on 
intended mode of delivery: TOLAC-2 and RCS. Each group was 
additionally divided into two subgroups. TOLAC-2 was divided 
into successful vaginal delivery after two cesareans (VBAC-2) 
and failed TOLAC-2. RCS was divided depending on timing of 
procedure — as scheduled and unscheduled (i.e. preformed be-
fore planned operation date, exclusively because of onset labor). 

Safety and success rate of VBAC-2 was the main focus of the 
analysis. Analyzed maternal outcomes were maternal death, 
postpartum hemorrhage, hysterectomy, uterine rupture, 
need for blood products transfusion, bladder or bowel injury.  
The outcomes were analyzed separately, given their relative 
scarcity, and in combination as composite maternal outcome. 
There is no CROWN core outcome set for trial of labor. 

Uterine rupture was defined as any detected cesarean scar 
dehiscence, independently of size or clinical symptoms. A retro-
spective study did not allow for reliable discrimination between 
symptomatic uterine rupture and asymptomatic uterine scar 
dehiscence. Postpartum hemorrhage was defined as estimated 
blood loss of 500 mL after vaginal or 1000 mL after cesarean de-
livery, as defined by World Health Organisation (WHO) [23].

The medical records were searched for information on 
use of the Bakri balloon, curettage or additional operative 
procedures after VBAC-2. Additionally, cesarean section pro-
tocols were searched for information on use of additional 
sutures or other surgical intervention to stop bleeding. Each 
of the described were categorized as need of additional he-
mostatic procedures even if blood loss did not meet criteria 

for hemorrhage. Patient documentation did not specify if 
use of additional uterotonic, was prophylactic or treatment, 
making this analysis impossible.

Surgical complications were defined as intraoperative 
damage of bladder or intestine, postoperative hematoma, 
impaired wound healing or need for relaparotomy.

Composite maternal outcome was defined as occur-
rence of any mentioned above but uterine rupture. Uter-
ine rupture was not included in the composite maternal 
outcome due to high risk of detection bias. If a woman had 
multiple outcomes, she was counted only once. 

Length of hospital stay was calculated in full days using 
admission and discharge date and compared for subgroups. 

Neonatal outcome was defined as 5-minute Apgar 
score < 7, intraventricular hemorrhage, periventricular 
leukomalacia, hypothermia, seizures, neonatal sepsis, di-
agnosed birth asphyxia and neonatal death. They were 
analyzed separately and combined into composite neonatal 
outcome. Cord blood pH was not routinely tested making 
any comparisons likely to be biased.

Effort has been made to check consistency and com-
pleteness of database. If electronic and paper records data 
extraction yielded different results, then the records were 
double-checked and corrected. Database was checked for 
duplicate records. There was no missing outcome data.

Statistical analysis
Statistical calculations were performed using Microsoft 

Office Excel (Microsoft Corp., Redmond, USA) and R [R Devel-
opment Core Team (2012). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.
org/]. The statistical analysis of odds ratio (OR) of the maternal 
and neonatal outcomes was performed on a basis of χ2 test 
and normal test (used as a basis for p-value estimation and as-
sessment of statistical significance). Both normal and χ2 models 
resulted in consistent estimates. Confidence intervals (CI) for OR 
were derived on a basis of a normal model, assuming 95% level 
of confidence. For outcomes of uterine rupture in unscheduled 
RCS and need of transfusion in VBAC-2 subgroups, p-value cal-
culated using χ2 model were equal to 0.048 and 0.047 respec-
tively. In these two cases, the table presents p-values derived 
using normal model. The analysis of the statistical significance 
of the differences in blood loss between selected groups was 
performed on a basis of two sample t statistic, assuming 95% 
level of confidence. All significance tests were two sided and 
conducted at the 5% significance level.

Bioethics Committee of the Centre of Postgraduate Med-
ical Education approval (reference number 47/PB/2018) for 
this project was obtained on 11th of April 2018. According 
to Polish law creation of an anonymous database does not 
need individual participants’ agreement. Figure 1. Data extraction process

Records of all 47,011 
deliveries

437 deliveries after 
two caesareans

412 records for 
maternal analysis

406 records for 
neonatal analysis

Removed 17 preterm 
and 3 placenta previa 

records

Removed 6 major 
congenital 

abnormalties and 
abnormal kariotyope 

records
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ReSultS
Comparison of baseline characteristics of the studied 

population is presented in Table 1. We did not find significant 
differences in any of the analyzed variables including preg-
nancy complications (cholestasis of pregnancy, diabetes in 
pregnancy, pre-pregnancy hypertension and pregnancy 
hypertension — data not shown). 

Success rates of VBAC-2 were calculated among 35 wom-
en who underwent TOLAC-2. In this group 22 had a VBAC-2, 
there was no operative vaginal deliveries and 12 required 
an emergency cesarean section. 

The number and percentage of women willing to un-
dergo TOLAC-2 was similar in the years 2010–2016, with 

substantial rise in 2017. In 2017 there were 19 TOLAC-2 in-
cluding 12 VBAC-2 (12,5% of all deliveries after two cesar-
eans) — see Figure 2. 

In the analyzed period there were 7 labor inductions after 
two cesareans, 4 with i.v. Oxytocin infusion, 1 with intracervi-
cal Foley catheter insertion and 2 with both methods used.  
Of those, 2 ended in vaginal birth, 3 in emergency cesarean sec-
tion because of threating birth asphyxia, and 2 in cesarean sec-
tion because of arrested first stage of labor. Remaining 28 TO-
LAC-2 patients where admitted to the hospital in the first stage 
of labor, there were no admissions during second stage of labor.

Maternal outcomes are presented in Table 2 († p-values 
delivered from normal model). Uterine rupture (11 cases) 

table 1. Baseline demographic characteristic of studied population

 

Repeat caesarean section trial of labour

Scheduled repeat 
caesarean section

unscheduled 
repeat caesarean 
section

Repeat 
caesarean 
section — total

VbAc-2 Failed tOlAc-2 trial of  
labour — total

Maternal age [years] 35.35 (± 3.86) 34.35 (± 4.77) 35.25 (± 3.96) 32.45 (± 4.27) 33.85 (± 3.26) 32.97 (± 3.97)

Parity 3.04 (± 0.21) 3.08 (± 0,43) 3.07 (± 0.41) 3.3 (± 0.95) 3.5 (± 0.83) 3.38(± 0.89)

BMI at booking 24.13 ± 4.52 22.38 ± 3,99 23,97 (± 4.5) 22.55 ± 2.73 22.79 ± 1.75 21.94 (± 2.48)

BMI at delivery 28.92 ± 4.41 27.45 ± 4.20 28.79 (± 4.41) 26.34 ± 3.11 28.12 ± 2.91 26.98 (± 3,12)

Weeks of pregnancy 
(completed) 38.5 (± 0.71) 38.06 (± 0.94) 38.39 (± 0.74) 39.91 (± 0.92) 40.00 (± 1.08) 39.88 (± 1.09)

Birthweight [g] 3,464.59 (± 407) 3,302.83 (± 411.40) 3,449 (± 409) 3,760.68 (± 392.50) 3,886.15 (± 448.75) 3,807 (± 412)

Figure 2. Frequency of trial of labor after two cesareans
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was exclusively detected during cesarean section. Each 
VBAC-2 individual had digital examination of cesarean scar 
after delivery and no dehiscence was found. None of 12 ce-
sarean sections in the failed TOLAC-2 group was conducted 
because of presumed scar dehiscence, also no scar dehis-
cence was found in this group during surgery. 

VBAC-2 subgroup had lowest mean estimated blood 
loss, followed by scheduled RCS, failed TOLAC-2 and un-
scheduled RCS. In comparison to scheduled RCS subgroup, 
the risk of hemorrhage was highest in failed TOLAC-2, fol-
lowed by VBAC-2 and unscheduled RCS. Need for additional 
hemostatic procedures, compared to scheduled RCS was 
highest in unscheduled RCS, followed by failed TOLAC-2 and 
VBAC-2 subgroup. We have found two cases of incomplete 
placenta in VBAC-2 group, one of them was the reason for 
maternal hemorrhage. Second case of bleeding occurred 
because uterine subatony.

Risk of transfusion after TOLAC-2 was higher than after 
RCS but the result was statistically insignificant. The identi-
fied surgical complications were exclusively related to ce-
sarean section. Of 377 women in RCS group 11 had surgical 
complications. In failed TOALC-2 group one woman had 
surgical complications during cesarean section. Relapa-
rotomy had to be performed in two cases, one because of 
intrabdominal hemorrhage (scheduled RCS subgroup), sec-
ond because of bladder injury (unscheduled RCS subgroup). 

Composite maternal outcome showed higher risk of 
complications in TOLAC-2 group. However, VBAC-2 sub-

group comparison with scheduled RCS showed no statis-
tically significant difference in VBAC-2 safety. Failed TO-
LAC-2 and unscheduled RCS composite maternal outcome 
where both higher than reference scheduled RCS. Maternal 
outcomes were compared in an intention-to-treat analysis, 
showing much higher risk of hemorrhage in TOLAC-2 group. 
Mean hospitalization time in RCS was 4.45 days and 3.80 days 
in TOLAC-2. Odds ratios for each outcome are shown on 
Figure 3. 

Neonatal outcomes (Tab. 3) were analyzed sepa-
rately and combined into composite neonatal outcome.  
Neither of the individual neonatal outcomes nor compos-
ite neonatal outcome reached statistical significance. We 
did not observe 5-minute Apgar score < 7, intraventricular 
hemorrhage, periventricular leukomalacia, hypothermia, 
neonatal sepsis and neonatal death in our cohort (data 
not shown).

Maternal outcomes from intention-to-treat, planned TO-
LAC-2 or RCS, are presented in Table 4. ITT analysis showed 
greater risk of hemorrhage in TOLAC-2 patients but did not 
show difference for other analyzed outcomes.

No maternal death or hysterectomy took place in our 
cohort; thus, we were not able to analyze those outcomes. 

dIScuSSIOn
Our findings suggest that vaginal birth after two cesar-

eans carries a higher risk to mother and has no effect on the 
neonate. We did not find increased risk of uterine rupture 
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Figure 3. Odds ratio for maternal complications. Scheduled repeat caesarean section as reference; VBAC-2 — vaginal birth after two cesareans, 
TOLAC-2 — trial of labor after two cesareans; * Statistically significant
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during trial of labor, but risk of hemorrhage was very high. 
Composite maternal outcome risk was also higher in TO-
LAC-2 group, especially in failed TOLAC-2. Therefore, good 
qualification for vaginal birth is essential for decreasing trial 
of labor complications. Trial of labor has a high enough suc-
cess rate to justify recommending it to the patient.

We tried to select all clinically relevant outcomes. Need 
of use of uterotonic drugs to treat hemorrhage was one of 
the selected outcomes, but paper and electronic records 
did not contain enough data to reliably allow such analy-
sis. All other selected outcomes data is provided, even if the 
analysis yielded insignificant results. 

Electronic and paper records where cross-checked, mini-
malizing risk of error.

Limitation of this study is its retrospective character. Dif-
ferentiation between uterine scar dehiscence and rupture 
or if use of uterotonics was prophylactic or for treatment 
purposes was impossible. 

During study time there were total 47011 births and only 
35 TOLAC-2. This is probably an effect of low patient awareness 
of VBAC-2 availability, healthcare provider reluctance to pro-
pose trial of labor after two cesarean sections because of fear of 
complications and medico-legal issues. To our knowledge there 
are no Polish trials trying to establish to what extent each cause 
is responsible for this situation. International studies empha-
size healthcare provider view on complications, medico-legal 
problems, better “predictability” of RCS, patient anxiety [24, 25].  
Rise of number of TOLAC-2 in 2017 was probably an effect 
of widespread information of Hospital policy in social media.

The risk of uterine rupture in this study was 2.67% and is 
similar to uterine rupture rate in work of Caughey et al. [26], 
Macones et al. [9] and by Landon et al. [27]. Metanalysis by Tah-
seen and Griffiths show risk of uterine rupture of 1.36% [10].  
In the studied cohort all uterine ruptures were detected dur-
ing cesarean section. Detection of scar dehiscence is rare with 
transcervical digital scar revision [28, 29]. Gamer et al. also 
reported a high risk of detection bias in a trial scoped for de-
tecting uterine rupture by transcervical manual control [29].  
Results obtained by Spaans et al. [30] with uterine scar 
dehiscence detected mostly during cesarean section show 
similar pattern to this study. 

Risk of postpartum hemorrhage was the most prominent 
difference between mode of delivery groups. Risk of substan-
tial blood loss is much higher in trial for labor group. Current 
literature review shows there is no study describing the rate 
of postpartum hemorrhage in TOLAC-2. Small numbers make 
drawing conclusions difficult but we think that changed 
uterine architecture and altered contraction mechanics could 
be responsible for increased blood loss, especially in failed 
TOLAC-2 where changes are probably the greatest.

Study by Macones et al. [9] and metanalysis of Tahseen 
and Griffiths [10] show VBAC-2 to have a lower risk of transfu-ta
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table 4. Maternal outcome regarding intended mode of delivery

Maternal outcome – intention to treat analysis

  RcS (reference) tOlAc-2

  number of cases OR (95% cI) p number of cases OR (95% cI) p

Haemorrhage 5 (1.3%) – – 4 (11.4%) 9.6 (2.45–37.59) 0.0001

Surgical complications 11 (2.9%) – – 1 (2.9%) 0.98 (0.12–7.81) 0.98

Need of additional haemostatic 
procedures 26 (6.9%) – – 4 (11.4%) 1.74 (0.57–5.31) 0.32

Need of transfusion 3 (0.8%) – – 1 (2.9%) 3.67 (0.37–36.22) 0.23

Composite maternal outcome 40 (10.6%) – – 7 (20%) 2.11 (0.86–5.13) 0.095

sion. The presented study found a contradictory result but 
did not reach statistical significance. 

In this cohort the risk of surgical complications was two 
times higher for unscheduled RCS and three times higher in 
cesarean section because of failed TOLAC-2. Although the re-
sults were not statistically significant, they are consistent with 
results presented by Silver et al. [31] and Phipps et al. [32]. 

Composite maternal outcome analysis showed that vag-
inal birth after two cesareans is associated with a 2.58 higher 
risk of complications, similar to that reported by Macones 
et al. [9] Although a 2.58 increase in risk is considered high 
it has to be kept in mind that patients who underwent 
TOLAC-2 were very motivated. However, a higher risk of 
complications is mainly related to failed trial of labor while 
complications of successful VBAC-2 are much less frequent. 
Intention to treat of intended mode of delivery complica-
tions showed increased risk of hemorrhage in TOLAC-2, 
without increased risk of other complications. This result 
needs emphasizing, as women and healthcare provider 
could decide about intended mode of delivery, not about 
actual mode of delivery.

A paper of Tahseen and Griffiths [10] quoted an over-
all success rate of 71.7%, with individual studies varying 
from 45 to 83%. In our cohort 62.85% of patients achieved 
vaginal birth. 

No evidence was found to support the idea of increased 
neonatal morbidity or mortality after TOLAC-2. Such risk for 
delivery after one cesarean section is described in a paper 
of O’Neil et al. [16] but authors found substantial cohort 
effect, with risk decreasing over time, with no risk increase 
in the most recent period. Older work of Smith et al. [17] 
also describe much higher risk for perinatal death after 
trial of labor after cesarean comparing to RCS, but this data 
comes from years 1992–1997. The results of the presented 
study are similar to those reported by Menacker et al. in 
1998–2002 cohort [33].

Current recommendations of obstetric colleges world-
wide state that planned VBAC may be supported in wom-
en with two or more previous lower segment caesarean  

deliveries” — Royal College of Obstetrics and Gynaecol-
ogy, “Given the overall data, it is reasonable to consider 
women with two previous low-transverse cesarean de-
liveries to be candidates for TOLAC” — American College 
of Obstetrics and Gynecology, “trial of labor in women 
with more than 1 previous Cesarean is likely to be suc-
cessful but is associated with a higher risk of uterine rup-
ture” — Polish Society of Obstetrics and Gynecology, “TO-
LAC (after two cesareans) is possible” — French National 
College of Obstetricians and Gynecologists [19–21, 34].  
Encouragement from professional organizations could have 
an impact on graduate increase of TOLAC-2. 

cOncluSIOnS
This study shows TOLAC-2 to be reasonable in terms of safe-

ty and has a good success rate. It is associated, especially failed 
TOLAC-2, with increased risks and women should be openly 
informed about them. In light of this study both VBAC-2 and 
RCS are high-risk procedures and should be performed only  
if highly trained personnel and resources are available.

From a practical point of view TOLAC-2 is not of greater 
risk to the patient if it ends in vaginal delivery. Of course, 
healthcare provider could not foresee exactly if trial will be 
successful, but careful qualification for trial of labor could 
prevent at least some of the delivery complications.
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