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Abstract 
Background: With an aim to reduce the rates of repeat cesarean section in women with a previous 
scar, prediction of scar rupture or dehiscence is important. If we could predict the risk of rupture 
by measuring the scar thickness closer to term, we could pursue a trial of scar safely. Aims: To 
evaluate the use of ultrasound measured thickness of lower uterine segment as one of the predic-
tors of scar rupture or dehiscence in labour and establish a cut off beyond which trial of labour can 
be attempted safely. Methodology: 187 randomly selected pregnant women with history of one 
previous cesarean section in the past who satisfied the inclusion criteria, attending the outpatient 
clinic over a period of six months, at a tertiary level teaching institution in southern India were 
selected and counseled to undergo a transvaginal measurement of the scar region. These women 
were then followed up until delivery and the outcome of trial of scar, successful vaginal delivery, 
rupture or dehiscence of uterus was analysed in relation to the scar thickness and various other 
contributing factors. Results: 187 women with history of previous cesarean section, attending the 
outpatient clinic were randomly chosen to undergo trans vaginal scan at term. 52 underwent elec-
tive cesarean section and 135 went through trial of scar. The median cut-off of the lower uterine 
segment in this study population of 135 was 2.4 mm. The sensitivity was 90.9%, specificity was 
43.5%, positive predictive value was 12.5%, and negative predictive value was 98.3% at this cut- 
off for scar rupture or dehiscence. Conclusions: The lower uterine scar thickness could be a useful 
tool to predict scar rupture. This could aid in making decisions regarding induction of labour with 
oxytocin in women with previous cesarean section. 
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1. Introduction 
Vaginal birth after cesarean delivery is one of the most talked about controversies in modern obstetrics. Most re-
ports in literature indicate that approximately 60% - 80% of trials of labour after previous cesarean delivery result 
in a successful vaginal birth [1]. Every obstetrician is faced with the dilemma of whether to allow vaginal delivery 
or to perform an elective repeat cesarean section in patients with history of previous cesarean section. The major 
fear is allowing women to undergo trial of scar rupture (0.1% - 0.5%) or dehiscence (0.5% - 1.5%) [2]. As the 
outcome for both the mother and the baby in the event of rupture uterus is catastrophic, if uterine rupture or de-
hiscence can be predicted, trial of labor after cesarean section (TOLAC) can be managed more safely. 

In most cases, the etiological factor contributing to the rupture is unknown. Several predictors and prediction 
model scores have been evaluated to enable the practicing physician to be able to safely recruit women for trial 
of labour. Various factors like prior vaginal delivery, cervical dilatation at posting, labor induction, body mass 
index and maternal medical conditions have been studied and have not been able to successfully develop a 
woman specific predictor model for successful Vaginal Birth after Cesarean section (VBAC) or rupture uterus [3] 
[4]. Ultrasonographic evaluation of the lower uterine scar and its usefulness in prediction of rupture uterus dur-
ing labor had been studied in the past [5]-[8]. The applicability of trans vaginal ultrasound evaluation of lower 
uterine segment thickness as a part of the predictive models has only been cited recently in one article which al-
so studies the other parameters contributing to rupture uterus [9]. 

Our institution is one of the few centers in our country where trial of labour following previous cesarean deli-
very is being allowed. 70 - 80 women with history of previous cesarean scar are admitted into labor ward every 
month. Of these 60% - 65% undergo trial of labour. The remaining 35% - 40% of them undergo elective repeat 
cesarean section for indications such as CPD, macrosomia, placenta praevia, malpresentation and of late at pa-
tients request. Trial of scar is attempted in about 55% with a VBAC rate of about 50%. The incidence of scar 
rupture and dehiscence as per our earlier institutional data which used to be 4% - 8%, has reduced to almost less 
than l% as the decision for cesarean section is now taken earlier with the evolving practice guidelines. In an ef-
fort to improve the TOLAC rates and reduce the fear of rupture uterus, the various factors predisposing to ute-
rine rupture and the probability of predicting the rupture were looked into. 

The aim of this study was to evaluate the use of ultrasound measured thickness of lower uterine segment as 
one of the predictors of scar rupture/dehiscence in labour. Based on the above observation, we aimed to establish 
a cut-off value of lower segment thickness above which vaginal birth after cesarean section could be attempted 
safely at our institution. We also aimed at studying the role of ultrasound evaluation as a part of the predictor 
model along with other variables, for success of VBAC or rupture uterus. 

2. Methods & Materials 
A prospective study was conducted on 187 randomly selected pregnant women with history of one previous ce-
sarean section in the past, attending the outpatient clinic over a period of six months, at a tertiary level teaching 
institution in Southern India. The inclusion criteria were pregnant women with history of one previous caesarean 
section of gestational age more than 37 weeks with singleton pregnancy in cephalic presentation, intact mem-
branes and not in labour. We excluded women with an abnormal presentation, active labour and those with rup-
tured membranes. Informed consent was obtained. Transvaginal ultrasonographic measurement of the Lower Ute-
rine Segment (LUS) was performed on an empty bladder, once at any time between 37 & 41 weeks. All these 
scans were done mostly by a single investigator. These women were allowed to either undergo trial of labour or 
underwent repeat elective cesarean section according to the usual protocol followed by the treating unit. The at-
tending obstetrician was unaware of the ultrasound findings.  

The measurement was taken using TOSHIBA Model SSA-320A machine with a 6 MHz vaginal probe, within 
30 minutes of voiding. 3 measurements were taken and an average of the 3 was taken as the final LUS thickness.  

Sonographically, the lower uterine segment has a three layered structure. The outer layer is the visceral pa-
rietal peritoneal reflection, which is juxtaposed to the muscularis layer of the bladder. The middle layer is the 
myometrium. The innermost layer is the decasualized endometrial layer outer to the chorioamniotic membrane 
(Figure 1). Only the muscle layer was measured at its thinnest portion. The measurements were repeated three times 
and a mean was obtained. 

In most cases the vaginal probe could not visualize the actual scar tissue but the area 1 - 2 cm caudal to cesa-
rean scar. 
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Figure 1. Algorithm showing the distribution of patients and their delivery 
outcome.                                                           

 
The patients were then followed up after delivery and the outcome of the delivery was documented. Demo-

graphic data, history of their previous section, the LUS thickness, Gestational age, nature of labor, use of pitocin, 
meconium staining of hind waters, pre-labour rupture of membranes (PROM), birth weight and Apgar of baby, 
complications and other details were documented. The presence or absences of uterine scar dehiscence or rup-
ture was noted after delivery. Uterine dehiscence was defined as separation of the muscular layer with an intact 
serosa. The mere thinning of the scar was not classified as dehiscence. In patients who delivered vaginally the 
absence of profuse vaginal bleeding or shock was considered equivalent to an intact uterine scar. 

The study group was divided into 2 groups based on their scar integrity following delivery. Those who un-
derwent Elective cesarean section were excluded from the analysis. The baseline characteristics were analyzed. 
Univariate and Bivariate analysis was done on various factors like age, occupation, gestational age at delivery, 
obstetric parity, indication for previous cesarean section, mode of labor, LUS thickness, duration of labor, use of 
pitocin and birth weight of baby. 

Continuous data was analyzed using students t test and chi square test was used for the categorical data. Var-
ious risk factors were looked into and risk factor analysis was done using logistic regression. The risk factors 
that were studied were maternal age, weight, gestational age at delivery, LUS thickness, mode of onset of labor, 
use of pitocin, baby weight, indication for previous cesarean section and parity. Univariate followed by multiva-
riate analysis was done on the above risk factors and adjusted for the effects of each other. 

ROC curve was constructed for the various risk factors and the area under curve obtained for the significant 
factors. The median cut off was obtained and the sensitivity, specificity, positive and negative predictive value 
of LUS in prediction of scar dehiscence/ rupture was calculated.  

3. Results 
187 women with history of previous cesarean section attending the outpatient clinic were randomly chosen to 
undergo trans vaginal scan at term. 52 underwent elective cesarean section and 135 went through trial of scar.  

The baseline characteristics of these patients were as outlined in the Table 1. The two groups were not signif-
icantly different with regards to the gestational age at delivery, occupation, obstetric score and indication for 
previous cesarean cesarean section. The thickness of the LUS was significantly different (p value of 0.028) be-
tween the two groups with the scar rupture group tending to have thinner scars than the group with the intact 
scar. With regards to mode and duration of labor the groups were similar and pitocin seemed to be used more in 
the rupture group (p value of 0.001) With respect to decelerations in labor, meconium stained amniotic fluid and 
intra op complications the two groups were similar. There were a total of 17 cases with PROM.  

Labour outcomes (Table 2) of the two groups resulted in 11 patients with scar rupture/dehiscence and 124 
with intact scars. 47 of the 135 women who underwent TOLAC had a successful vaginal birth with a VBAC rate 
of 34.8%. Serious intraoperative complications like postpartum haemorrhage were significantly higher in pa-
tients with rupture of the scar (45% versus 0.8%). The neonatal outcomes of APGAR < 7 were found in 2 out of 
the 11 scar rupture events  
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Table 1. Descriptive statistics.                                                                  

 
Cases (11) 

Scar Rupture/Dehiscence 
Controls (124) 

Scar Intact p value 
n % n % 

Maternal Age 27.5 ± 4.4 25.8 ± 4.5 0.274 

Gestational Age at delivery 38.4 ± 1.3 38.4 ± 1.2 0.452 

Previous LSCS     0.697 

Elective 3 27.3 25 20.2  

Emergency 8 72.7 99 79.8  

LUS thickness (mm)    

≤2.4 10 (90.9) 70 (56.5) 0.028* 

>2.4 1 (9.1) 54 (43.5)  

Mode of Labor     

0.083 Spontaneous 5 45.5 90 72.6 

Induced 6 54.5 34 27.4 

Pitocin     

0.001* Yes 9 81.8 38 30.9 

No 2 18.2 85 69.1 

 
Table 2. Labour outcomes of Trial of Scar.                                                                  

 
Cases (11) Controls (124) 

 
n % n % 

Delivery     

0.137 

LSCS 11 100.0 77 62.1 

Vaginal Normal - - 22 17.7 

Vaginal Forceps - - 19 15.3 

Vaginal Suction - - 6 4.8 

Delivery outcome     

0.008* Normal Delivery - - 47 37.9 

Emergency LSCS 11 100.0 77 62.1 

Intraop Complication     

0.048* 
Bladder Injury - 45.5 1 0.8 

PPH 5  1 0.8 

Adhesions   2 1.6 

Birthweight (Grams) 3189.1 ± 313.9 3162.3 ± 397.8 0.808 

≤3160 4 (36.4) 62 (51.7)  

>3160 7 (63.6) 58 (48.3) 0.331 

Apgar at 5 minutes     
 

0.006* ≤7 2 18.2 - - 

>7 9 81.8 122 100.0 
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Risk factor analysis (Table 3) was done using Logistic regression against cases and controls. Bivariate analy-
sis (unadjusted) was carried out for the following variables namely, maternal age, maternal weight, gestational 
age, indication for previous cesarean, LUS thickness, mode of onset of labor use of pitocin and birthweight. 
When the significance was fixed at 25% the only variables which were significant were pitocin use, LUS thick-
ness, and mode of onset of labor. In the multivariate analysis adjusting for effect of the use of pitocin, LUS 
thickness and Mode of labor, only pitocin use was significant at 5% with OR of 9.27. Use of pitocin still had an 
influence on the rate of rupture even after adjusting for the mode of onset of labor and LUS thickness. The me-
dian cut off of the lower uterine segment in this study population was 2.4 mm. The area under curve for the 
ROC constructed for these risk factors with a cut off for LUS thickness fixed at 2.4 mm as increased risk, was 
0.806 (665 - 0.94) p value of 0.001. The sensitivity was 90.9%, specificity was 43.5%, positive predictive value 
was 12.5%, and negative predictive value was 98.3% at this cut off (Figure 2, Figure 3). 

4. Discussion 
Trial of Labour after cesarean section has been a subject of much debate and discussion in the recent past. Vari-
ous researchers have looked into factors which may affect the outcome of the labor. Previous normal vaginal de-
livery, spontaneous labor, non recurring indication for previous caesar are some of the favourable factors whe-
reas induced labor, short interdelivery interval, infection during peripartum period in the previous pregnancy are 
factors which would result in poorer outcome. Trans vaginal scan in patients with previous scar to measure the 
lower uterine segment thickness has been evaluated as one such factor which could influence the outcome of 
labor in women with previous cesarean section. It has been evaluated as a predictor tool for rupture/dehiscence  
 
Table 3. Risk factor analysis of predisposing factors in rupture of scar.                                                                  

Risk Factors 

Scar Unadjusted Adjusted 

Rupture Intact 
OR 95%CI P value OR 95%CI p value 

n % n % 

Maternal Age 
(Wks) 27.45 ± 4.3 25.8 ± 4.5 1.07 0.95 - 1.22 0.275 - - - 

Maternal Weight  
(Kg) 60.0 ± 13.8 60.0 ± 10.6 1.00 0.94 - 1.07 0.994 - - - 

Gestational Age 
(Wks) 39.7 ± 1.4 39.5 ± 1.1 1.25 0.69 - 2.25 0.449 - - - 

Previous LSCS      

- - - - - Elective (R) 3 27.3 25 20.2 1 

Emergency 8 72.7 99 79.8 0.67 

LUS (mm)           

≤2.4 10 90.9 70 56.5 0.13   6.65 0.78 - 56.6 0.08 

>2.4 (R) 1 9.1 54 43.5 1 0.02 - 1.04 0.055 1 - - 

Mode of Labor           

Spontaneous (R) 5 45.5 90 72.6 1 - - 1 - - 

Induced 6 54.5 34 27.4 3.2 0.9 - 11.1 0.070 1.22 0.27 - 5.5 0.789 

Pitocin           

Yes 9 81.8 38 30.9 10.06 2.07 - 48.83 0.004* 8.08 1.3 - 49.0 0.023* 

No (R) 2 18.2 85 69.1 1 - - 1 - - 

Birthweight (Grams)        

- - - ≤3160 (R) 4 36.4 62 51.7 1 - - 

>3160 7 63.6 58 48.3 1.87 0.52 - 6.73 0.337 
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Figure 2. Image showing the position of the lower uterine segment with the muscle portion 
shown as the dark portion between the two bright lines, the bladder and the fetal head.          

 

 
Figure 3. ROC curve of the measured values of the LUS thickness of the study population. 
Area under the curve = 0.806 (0.65 to 0.96), p value = 0.001.                              
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in some studies [5] [8]. Other investigators have compared the transabdominal measurement on full bladder 
versus the transvaginal measurement on empty bladder to assess the risk of rupture uterus [7] [10]. Irrespective 
of whether transabdominal or tranvaginalr route, the measured thickness at a particular cut-off value had a high 
negative predictive value in predicting scar rupture. Thus the patients with thick lower uterine scar are less likely 
to have a scar dehiscence/rupture. In our series of patients, the negative predictive value was 98.2% at a cut off 
of 2.4 mm. 

As the test is not efficient in itself as screening tool its use was further evaluated as a part of a predictor model. 
Various predictor models have been assessed in the past for screening patients for trial of scar in previous cesa-
rean section. Though many of them assess known risk factors such as previous vaginal delivery, parity, inter 
pregnancy interval etc. none of them could positively predict rupture during trial of scar. One of these studies 
have also assessed the risk incorporating the lower uterine scar thickness in the model and found that along with 
thickness the other factors which were strongly associated with rupture were the single layer closure and inter 
delivery interval < 18 months [11]. A recently concluded metanalysis has established support for the use of an-
tenatal LUS measurements in the prediction of a uterine defect during trial of labour [12]. 

When we assessed various factors which affected the outcome in our series of patients, the risk factors which 
stood out as significant were the use of pitocin, mode of onset of labor and the lower uterine segment thickness 
at the univariate level. When adjusted for each other, only use of pitocin proved to be almost 8 times more risk. 
In patients where labor has to be induced, a thin lower segment could mean more chances of rupture. If the 
thickness of the segment was <2.4 mm, the risk of rupture was about 6.5 times more with use of pitocin. 

The limitations of our study were the small numbers of patients and that we did not include some other risk 
factors like inter delivery interval in our risk factor analysis. 

5. Conclusion  
In summary, though prediction of scar rupture in a case of previous cesarean section could be difficult, the deci-
sion making regarding the mode of delivery could be aided by measuring the lower uterine segment thickness 
whereby the women with lower uterine segment thickness < 2.4 mm could be counseled against induction of la-
bor. In women with spontaneous onset of labor, the LUS thickness could be useful in predicting those who were 
unlikely to have scar rupture/dehiscence. 
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