
Search strategy 

The detailed search strategy used in the Pubmed was “((((((((((("vagina"[MeSH Terms] OR "vagina"[All Fields]) OR "vaginal"[All 

Fields]) OR "vaginally"[All Fields]) OR "vaginals"[All Fields]) OR "vaginitis"[MeSH Terms]) OR "vaginitis"[All Fields]) OR "vagi

nitides"[All Fields]) AND (((((("birth s"[All Fields] OR "birthed"[All Fields]) OR "birthing"[All Fields]) OR "parturition"[MeSH Ter

ms]) OR "parturition"[All Fields]) OR "birth"[All Fields]) OR "births"[All Fields]) AND "after"[All Fields] AND ((("caesarean secti

on"[All Fields] OR "cesarean section"[MeSH Terms]) OR ("cesarean"[All Fields] AND "section"[All Fields])) OR "cesarean section

"[All Fields])) OR ((("vaginal birth after cesarean"[MeSH Terms] OR ((("vaginal"[All Fields] AND "birth"[All Fields]) AND "after"

[All Fields]) AND "cesarean"[All Fields])) OR "vaginal birth after cesarean"[All Fields]) OR "vbac"[All Fields])) AND (((((("trial o

f labour"[All Fields] OR "trial of labor"[MeSH Terms]) OR ("trial"[All Fields] AND "labor"[All Fields])) OR "trial of labor"[All F

ields]) AND "after"[All Fields] AND ((("caesarean section"[All Fields] OR "cesarean section"[MeSH Terms]) OR ("cesarean"[All Fi

elds] AND "section"[All Fields])) OR "cesarean section"[All Fields])) OR ((("trial of labour"[All Fields] OR "trial of labor"[MeSH 

Terms]) OR ("trial"[All Fields] AND "labor"[All Fields])) OR "trial of labor"[All Fields])) OR ("tolac"[All Fields] OR "tolacs"[All 

Fields]))) AND (((((("oxytocin"[MeSH Terms] OR "oxytocin"[All Fields]) OR "oxytocin s"[All Fields]) OR "oxytocine"[All Fields]) 

OR "oxytocins"[All Fields]) OR ((((("oxytocin"[MeSH Terms] OR "oxytocin"[All Fields]) OR "oxytocin s"[All Fields]) OR "oxytoci

ne"[All Fields]) OR "oxytocins"[All Fields]) AND ((((((((("infusate"[All Fields] OR "infusates"[All Fields]) OR "infuse"[All Fields]) 

OR "infused"[All Fields]) OR "infuser"[All Fields]) OR "infusers"[All Fields]) OR "infuses"[All Fields]) OR "infusing"[All Fields]) 

OR "infusion"[All Fields]) OR "infusions"[All Fields]))) OR (((("labor, induced"[MeSH Terms] OR ("labor"[All Fields] AND "indu

ced"[All Fields])) OR "induced labor"[All Fields]) OR ("induction"[All Fields] AND "labor"[All Fields])) OR "induction of lab or"

[All Fields]))) AND ((("uterine rupture"[MeSH Terms] OR ("uterine"[All Fields] AND "rupture"[All Fields])) OR "uterine rupture"

[All Fields]) OR (((((("maternally"[All Fields] OR "maternities"[All Fields]) OR "maternity"[All Fields]) OR "mothers"[MeSH Term

s]) OR "mothers"[All Fields]) OR "maternal"[All Fields]) AND (((((("epidemiology"[MeSH Subheading] OR "epidemiology"[All Fiel

ds]) OR "morbidity"[All Fields]) OR "morbidity"[MeSH Terms]) OR "morbid"[All Fields]) OR "morbidities"[All Fields]) OR "morb

ids"[All Fields]))).” 

 



 



 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

Evaluation of Quality of the Studies According to the Newcastle-Ottawa Scale 
 

Study Selection Comparabilit

y 
Exposure Scores 

1A 2A 3A 4A 5A 6A 7A 8A 
Fishel Bartal,2019 *  * * ** * *  7 
Kiwani,2018 * * * * * * *  7 
Gobillot,2018 * * * * * * *  7 
Hehir,2016   * * ** * *  6 
Stenson,2015 * * * * ** * *  8 
Ashwal,2014 * * * * ** * *  8 
Shatz,2013 * * * * ** * *  8 
Ouzounian,2011 * * * *  * *  6 
Kwee,2007 * * * * ** * *  8 
Landon,2004 * * * * * * *  7 
Lin,2004 * * * * * * *  7 
Blanchette,2001 * * * *  * *  6 
Zelop,1999 * * * * * * *  7 
Chua,1989 * * * * * * *  7 

Asterisks indicate that the quality item is present. A study can be awarded a maximum of one asterisk for each numbered item within the selection and e

xposure or outcome categories. A maximum of two asterisks can be given for comparability (i.e., study controls for the most important factor and any ad

ditional factor). The total number of asterisks represents the final score. 

1A = case definition was adequate, 2A = representativeness of the cases; 3A = selection of controls, 4A = definition of controls; 5A = comparability of c

ases and controls on the basis of analysis; 6A = ascertainment of exposure; 7A = same method of ascertainment for cases and controls; 8A = nonresponse

 rate. 

Scores ≥ 6 (range 0–9) indicate high-quality studies.  



Evaluation of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) certainty ratings system. 
people with substance dependence or chronic substance heavy users compared to non-substance users or limited users for risky decision-making perform
ance 
Patient or population: people with substance dependence or chronic substance heavy users  
Comparison: non-substance users or limited users 
Intervention: risky decision-making performance 
 

 

Quality assessment No of patients Effect Size 

Quality 

Im
po
rta
nc
e 

 

 

No of studies Design Risk of bias Inconsistency Indirectness Imprecision 
Other consider

ations 

People with substa
nce dependence or
 chronic substance

 heavy users 

Non-substance u
sers or limited u

sers 

Relative 
 (95% CI) 

S
M
D 

  

Risky decision-making performance   
14 observational studie

s1 

no serious risk of  
 bias 

serious1 no serious i
ndirectness 

no serious i
mprecision 

reporting bias1 48457 women undergoing TOLAC  0.
23
8 

 
 VERY 

LOW 

C
RI
TI
C
AL 

  

               
 

Outcomes Illustrative comparative risks* (95% CI) No of Participants 
(studies) 

Quality of the evidence 
(GRADE) 

  
Assumed risk Corresponding risk   

 women having spontaneous delivery women having induction of labor     
Rate of uterine rupture 0.7% (95%CI: 0.004 to 0.009; p<0.001) 2.2% (95%CI: 0.012 to 0.033; p=0.000

1) 
Total of 36596 wome
n having spontaneou
s delivery and 11861
 women having induc
tion of labor (14 stud

ies) 

⊕⊝⊝⊝ 
low1 

  

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the ass
umed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 

CI: Confidence interval; OR: Odds ratio;  

GRADE Working Group grades of evidence 

High quality: Further research is very unlikely to change our confidence in the estimate of effect.  

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 

Very low quality: We are very uncertain about the estimate. 

1 observational studies 
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Section/topic  # Checklist item  
Reported on 

page #  

TITLE  
 

Title  1 Oxytocin Use in Trial of Labor after Cesarean and Its Relationship with Risk of Uterine Rupture in Women with One Previous 

Cesarean Section: A Meta-analysis of Observational Studies 
1 

ABSTRACT   

Structured summary  2 Background: Trial of labor after a previous cesarean delivery (TOLAC) has reduced the rate of cesarean sections (CS). 

Nevertheless, the widespread use of TOLAC has been limited by an increase in adverse outcomes, the most serious one being 

the risk of symptomatic uterine rupture, which is possibly associated with oxytocin. In this meta-analysis, we explored the risk 

association between oxytocin use and uterine rupture in TOLAC. 

Methods: Multiple electronic databases (PubMed, Embase, Web of Science, and Google Scholar) were searched for 

cross-sectional studies reporting on TOLAC, oxytocin and uterine rupture, which were published between January 1986 and 

October 2019. The bias-corrected Hedge's g was calculated as the effect size using the random-effects model. A two-sample Z 

test was used to compare the differences in synthetic rates between groups. The Newcastle-Ottawa Scale (NOS) was used to 

evaluate the risk of bias. Quality of the evidence was assessed with the Grading of Recommendations Assessment, 

Development, and Evaluation (GRADE) certainty ratings system. 

Results: A total of 14 studies, which included 48457 women who underwent TOLAC, met the inclusion criteria. The pooled 

rate of vaginal birth after a cesarean section (VBAC) and the rate of uterine rupture in spontaneous labor were 74.3% and 

0.7%, respectively. In addition, the pooled rate of VBAC and the rate of uterine rupture in the induction labor group was 

60.7% and 2.2%, respectively. The women who had spontaneous labor had a significantly higher rate of VBAC (p=0.0032) 

and a lower rate of uterine rupture (p=0.0003) compared to induced labor. The pooled rates of uterine rupture in women using 

oxytocin and women not using oxytocin in TOLAC were 1.4% and 0.5%, respectively, and the difference was significant 

(p=0.0002). Also, the synthetic rate of uterine rupture in oxytocin augmentation among women with spontaneous labor and 

women who had a successful induction of labor were 1.7% and 2.2%, respectively, without significant difference (p=0.443). 

Conclusions: Women with induced labor had a higher risk of uterine rupture compared to women with spontaneous labor 

following TOLAC. Oxytocin use may increase this risk, which could be influenced by the process of induction or individual 

cervix condition. Consequently, simplified and standardized intrapartum management, precise protocol, and cautious 

monitoring of oxytocin use in TOLAC are necessary. 

2-3 

INTRODUCTION   

Rationale  3 Trial of labor after a previous cesarean delivery (TOLAC) has reduced the rate of cesarean sections (CS). Nevertheless, 

the widespread use of TOLAC has been limited by an increase in adverse outcomes, the most serious one being the risk 

of symptomatic uterine rupture, which is possibly associated with oxytocin. However, the risk association between 

oxytocin use and uterine rupture in TOLAC is still unknown.  

3 

Objectives  4 This meta-analysis aimed to evaluate the safety of oxytocin in TOLAC and compared the risk of uterine rupture between 

women using oxytocin and those not using oxytocin during TOLAC, and the risk of uterine rupture between oxytocin 

augmentation among women with spontaneous labor and those who had a successful induction of labor. 

3 
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METHODS   

Protocol and registration  5 We conducted the review according to the registered protocol PROSPERO CRD42020152819 

(https://www.crd.york.ac.uk/PROSPERO/) the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement. 

3 

Eligibility criteria  

 

6 

 

1) participants: women with singleton pregnancy after 37 weeks of gestation and a previous low transverse cesarean section 

(CS), who volunteered and accepted a trial of labor after CS (TOLAC), and did not have any contraindications to TOLAC, 

such as previous uterine body incision, placenta previa or abnormal pelvimetry with a breech presentation; 2) intervention: 

oxytocin induction or augmentation during a TOLAC; 3) comparator: women not using oxytocin in TOLAC; 4) outcomes: the 

success rate of TOLAC (VBAC), the usage rate of oxytocin in TOLAC and the risk of uterine rupture; 5) type of studies: 

designed with case-control study or cross-sectional study. 

3-4 

Information sources  7 A literature search of PubMed, EMBASE, Web of Science, Clinical trial, and Google Scholar was conducted with no date 

restrictions.  

4 

Section/topic  # Checklist item  
Reported 

on page #  

Search  8 The following keywords were used: "vaginal birth after a cesarean section" OR "VBAC" AND "a trial of labor after the 

cesarean section" OR "TOLAC" OR "trial of labor" AND "oxytocin" OR "oxytocin infusion" OR "induction of labor" AND 

"uterine rupture" OR "maternal morbidity". 

4 

Study selection  

 

9 

 

Final literature searches were performed in June 2019. The hits were reviewed, and duplicates were eliminated. Then, inclusion 

and exclusion criteria were set for including records. Finally, the titles, abstracts, keywords, and whole texts of retrieved 

studies were checked to exclude irrelevant ones. Also, the reference lists of the retrieved studies and recent reviews were 

manually checked to avoid missing any studies meeting the inclusion criteria. 

4 

 

Data collection process  10 Necessary data from eligible studies were extracted in this meta-analysis. Uterine rupture was defined as a disruption of the 

uterine muscle extending to, or involving the uterine serosa, or disruption of the uterine muscle with extension to the bladder or 

broad ligament (non-reassuring fetal heart rate, abdominal pain, vaginal bleeding, signs of intra-abdominal hemorrhage, 

hematuria, disengagement of fetal presentation, and signs of maternal shock). 

4 

Data items  11 First author's name, publication year, sample size, maternal age, maternal BMI, gestational age, dose of oxytocin, the number 

of spontanteous delivery, the number of induction labor, the number of patients using oxytocin, the number of VBAC and the 

number of uterine rupture.  

4 

Risk of bias in individual 

studies  

12 the critical evaluation of the bias risk of the included studies was conducted by two independent reviewers using the 

Newcastle-Ottawa Scale (NOS). 

5 

Summary measures  13 We calculated the usage rate of oxytocin, rate of VBAC, and rate of uterine rupture by the number of TOLAC, the number of 

spontaneous delivery, the number of induction labor, the number of VBAC, the number of patients using oxytocin, and the 

number of uterine ruptures. 

5 

Synthesis of results  14 Due to the anticipated heterogeneity, the random-effects model or fixed-effects model were used to calculate the overall effect 

size. For each measure, we calculated Cohen's d in line with the general systematic approach and performed with the 

5 
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associated website (http://www.campbellcollaboration.org/ resources/ effect size input.php), using means and standard 

deviations or standard errors where possible; occasionally, F, t or p values were used with sample size to estimate the effect 

size. In order to correct for overestimation of the effect size associated with small sample sizes, we applied Hedge's correction 

to each effect size, and calculated inverse variance weights for each study using the corrected effect size. Also, we used a 

two-sample Z test to compare the difference in synthetic rates between groups. A P value <0.05 was considered statistically 

significant. Heterogeneity was tested using the I2 statistic and Q test. We considered statistical heterogeneity low for I2 ≤40%, 

moderate for I2 =30%–60%, substantial for I2 =50%–90% and considerable for I2=75%–100%.  

Section/topic  # Checklist item  Reported on 

page #  

 

Risk of bias across studies  15 The source of heterogeneity may come from the definition of uterine rupture and the medical level in different areas. 5 

Additional analyses  16 Sensitivity analyses and meta-regression were used to explore the potential sources of heterogeneity. Publication bias was 

checked using the funnel plot and Egger's tests. 

5 

RESULTS   

Study selection  17 A total of 14 studies, which included 48457 women who underwent TOLAC, met the inclusion criteria. 6 

Section/topic  # Checklist item  
Reported 

on page #  

Study characteristics  

 

18 

 

A total of 36596 women had spontaneous delivery, and 11861 had induced labor. In the spontaneous delivery group, 11969 

women had successful VBAC, 9823 women used oxytocin augmentation, and 223 women presented with uterine rupture. 

Among those with induced labor, 3195 had successful VBAC, 5148 used oxytocin induction, and 41 presented with uterine 

rupture in the induction of labor. In addition, in 11 studies, the uterine rupture was clearly described, while it was unclear in 3 

studies 

6 

 

Risk of bias within studies  19 The medical level in different areas 6 

Results of individual studies  20 The pooled usage rate of oxytocin, rate of VBAC and rate of uterine rupture in spontaneous delivery group were 39.8% 

(95%CI: 0.532 to 0.682; p=0.001; Pheterogeneity <0.001), 74.3% (95%CI: 0.679 to 0.807; p=0.001; Pheterogeneity <0.001) 

and 0.7% (95%CI: 0.004 to 0.009; p<0.001; Pheterogeneity <0.001), respectively; while in induced labor group were 60.6% 

(95%CI: 0.452 to 0.759; p<0.001; Pheterogeneity <0.001), 60.7% (95%CI: 0.532 to 0.682; p<0.001; Pheterogeneity <0.001) 

and 2.2% (95%CI: 0.012 to 0.033; p=0.0001; Pheterogeneity =0.051) respectively. These results suggested that the women with 

spontaneous delivery had significantly higher rate of VBAC (Z= 3.43; p=0.001), and lower rate of uterine rupture (Z=2.96; 

p=0.003) than those who underwent induced labor, while there was no significant difference in oxytocin usage rate (Z=-1.4797; 

p=0.0805). The pooled rates of uterine rupture in women who were using oxytocin and those who were not in TOLAC were 

1.4% (95%CI: 0.011 to 0.016; p<0.001; Pheterogeneity =0.377) and 0.5% (95%CI: 0.002 to 0.008; p<0.001; Pheterogeneity 

=0.105), respectively, and the difference was statistically significant (Z=7.3259; p=0.0002). On the basis of the previous results, 

6-8 



PRISMA 2015 Checklist 

4 

 

we calculated the pooled rates of uterine rupture in oxytocin augmentation among women with spontaneous labor and those 

with induction of labor, which were 1.7% (95%CI: 0.007 to 0.028; p=0.001; Pheterogeneity =0.0.001) and 2.2% (95%CI: 0.007 

to 0.036; p=0.003; Pheterogeneity =0.355), respectively, and the difference was not significant (Z=-0.77; p=0.443). 

Synthesis of results  21 The pooled usage rate of oxytocin, rate of VBAC and rate of uterine rupture in spontaneous delivery group were 39.8% 

(95%CI: 0.532 to 0.682; p=0.001; Pheterogeneity <0.001), 74.3% (95%CI: 0.679 to 0.807; p=0.001; Pheterogeneity <0.001) 

and 0.7% (95%CI: 0.004 to 0.009; p<0.001; Pheterogeneity <0.001), respectively; while in induced labor group were 60.6% 

(95%CI: 0.452 to 0.759; p<0.001; Pheterogeneity <0.001), 60.7% (95%CI: 0.532 to 0.682; p<0.001; Pheterogeneity <0.001) 

and 2.2% (95%CI: 0.012 to 0.033; p=0.0001; Pheterogeneity =0.051) respectively. These results suggested that the women with 

spontaneous delivery had significantly higher rate of VBAC (Z= 3.43; p=0.001), and lower rate of uterine rupture (Z=2.96; 

p=0.003) than those who underwent induced labor, while there was no significant difference in oxytocin usage rate (Z=-1.4797; 

p=0.0805). The pooled rates of uterine rupture in women who were using oxytocin and those who were not in TOLAC were 

1.4% (95%CI: 0.011 to 0.016; p<0.001; Pheterogeneity =0.377) and 0.5% (95%CI: 0.002 to 0.008; p<0.001; Pheterogeneity 

=0.105), respectively, and the difference was statistically significant (Z=7.3259; p=0.0002). On the basis of the previous results, 

we calculated the pooled rates of uterine rupture in oxytocin augmentation among women with spontaneous labor and those 

with induction of labor, which were 1.7% (95%CI: 0.007 to 0.028; p=0.001; Pheterogeneity =0.0.001) and 2.2% (95%CI: 0.007 

to 0.036; p=0.003; Pheterogeneity =0.355), respectively, and the difference was not significant (Z=-0.77; p=0.443). 

6-8 

Risk of bias across studies  22 To explore possible sources of heterogeneity, we calculated the synthetic effect size in the spontaneous delivery group and 

induced labor group; 3 studies which did not have a clear definition of uterine rupture were excluded. The pooled usage rate of 

oxytocin, rate of VBAC and rate of uterine rupture in spontaneous delivery were 74.7% (95%CI: 0.654 to 0.84; p<0.0001; 

Pheterogeneity <0.001), 47.9% (95%CI: 0.165 to 0.793; p=0.003; Pheterogeneity <0.001) and 0.7% (95%CI: 0.004 to 0.010; 

p<0.001; Pheterogeneity <0.001), respectively; while in induction of labor were 63.8% (95%CI: 0.593 to 0.684; p<0.001; 

Pheterogeneity <0.001), 55.7% (95%CI: 0.360 to 0.754; p<0.001; Pheterogeneity <0.001) and 2.3% (95%CI: 0.011 to 0.035; 

p<0.001; Pheterogeneity =0.027), respectively. However, heterogeneity obviously increased after re-analyzing. Hence, an 

unavoidable source of heterogeneity may come from the medical level in different areas. 

7 

Additional analysis  

 

 

23 

 

 

To assess the influence of outliers, the standardized residual was examined for all studies. We conducted the sensitivity analysis 

by removing one study at the time to evaluate the weights of individual studies on the pooled SMDs. Funnel plots and Egger's 

test were used to reveal possible publication bias. The results showed a possible overestimation of effect size in the usage rate 

of oxytocin in spontaneous delivery (p=0.048), the rate of uterine rupture in both spontaneous delivery (p=0.031) and induction 

of labor (p=0.019). Despite high methodological quality, direct evidence, and precision, the included studies were characterized 

by moderate heterogeneity, thus providing the evidence to understand the way of moderate quality (GRADE rating system). 

7 

 

 

DISCUSSION   

Summary of evidence  

 

 

24 

 

 

The primary purpose of the current meta-analysis was to systematically identify the effect of oxytocin on the risk of uterine 

rupture in TOLAC. In addition, we also explored differences in the usage rate of oxytocin, rate of VBAC between spontaneous 

delivery and induction of labor. In this study, we identified 14 studies, which included 48457 women undergoing TOLAC. The 

results showed that women with spontaneous delivery had a higher rate of VBAC and lower risk of uterine rupture than those 

with the induced labor. The risk of uterine rupture increased in women using oxytocin in TOLAC compared to those not using 

oxytocin in TOLAC. Moreover, we compared the risk of uterine rupture in augmentation among women with spontaneous labor 

and women who had a successful induction of labor whilst controlling for potential factors, which revealed no significant 

statistical differences. These data revealed that the process labor induction or cervix condition might influence the effect of 

8 
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oxytocin on the uterine. 

Limitations  25 The present meta-analysis has some limitations. First, we could only make the conclusion on the risk association between 

oxytocin and uterine rupture. However, different protocols of oxytocin use in TOLAC may lead to different outcomes. Thus, 

more studies are needed in the future. Second, the high heterogeneity among the included studies could not be ignored. Though 

we have excluded the influence of the diagnosis, other potential factors, such as maternal age, ethnicity, BMI, gestational age, 

infant birth weight, higher admission bishop score, medical level, and so on could also be relevant. However, it was not possible 

to obtain more detailed information from the included studies. Though it is common for meta-analyses of observational studies 

to present high heterogeneity, more studies in the future are necessary. In addition, we have made the Newcastle-Ottawa Scale 

to evaluate and ensure the quality of the included studies so as to reduce bias as much as possible. 

10-11 

Conclusions  26 Overall, our study has demonstrated the risk association between oxytocin use in TOLAC and uterine rupture. We also found 

that the process of induction or cervix condition might influence the effect of oxytocin on uteruses with a scar. Based on our 

results, simplified and standardized intrapartum management and cautiously monitoring of oxytocin use could help to avoid 

some maternal and neonatal complications [46]. On the other hand, more studies are needed to explore how oxytocin affects the 

process of TOLAC. It is necessary to consider precise initial dose, maximum dose, the interval to dose increase, and duration of 

oxytocin to reduce possible risk and enhance the safety of TOLAC. 

11 
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12 
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