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Predictive models of uterine rupture based 
on clinical factors 

Macones et al. Am J Obstet Gynecol 2006;195:1148–1152 
Grobman et al. Am J Obstet Gynecol 2008;199:30.e1–30.e5 

AUC 

Macones 2006 

Model 1 (maternal age; gestational age, ethnicity, previous vaginal 
delivery) 

0,68 

Model 2 (maternal age; gestational age, ethnicity, previous vaginal 
delivery, cervical dilatation, labor induction) 
 

0,70 

Grobman 2008 

Previous vaginal delivery (<), labor induction (>) 
 

0,60 



Ultrasound and uterine scar 
Third trimester 

Bujold et al. Am J Obstet Gynecol 2009; 201: 320.e1–320.e6 
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“Defect”, symptomatic (rupture) or asymptomatic (dehiscence) 

Ultrasound and uterine scar 
Third trimester 





 

Sonographic measurement of lower uterine segment thickness to predict 
uterine rupture during a trial of labor in women with previous Cesarean 

section: a meta-analysis 
 

N. Kok, I. C. Wiersma, B. C. Opmeer, I. M. De Graaf, B. W. Mol, E. Pajkrt 
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To evaluate the accuracy of antenatal sonographic measurement of lower 
uterine segment (LUS) thickness in the prediction of risk of uterine rupture 
during a trial of labor (TOL) in women with a previous Cesarean section 
(CS). 

Objective 



 

• Studies on pregnant women with at least one previous CS  

 

• Studies that reported on sonographic appearance of LUS during pregnancy 
in relation to uterine defects observed during or immediately after delivery 

  

• Studies that allowed construction of 2×2 tables comparing LUS thickness 
measurement and the occurrence of uterine scar defects (uterine scar 
dehiscence or uterine scar rupture) 

 

• 1980 – December 2011 
 

Inclusion criteria 



 

• Uterine scar dehiscence: loss of continuity of myometrial layer without 
complete rupture of LUS 

 

• Uterine rupture: complete separation of the uterine scar resulting in 
communication between the uterine and peritoneal cavities 

 

• Full LUS thickness: distance between bladder wall and amniotic cavity 

 

• Myometrial thickness: minimum thickness overlying amniotic cavity at the 
level of uterine scar (only myometrium is measured) 

 

Definitions 



Total citations (n = 297) screened for relevance:  
PubMed (n = 143); EMBASE (n = 150);  
Reference lists (n = 4) 

References excluded because of 
duplication (n = 150) 

Studies excluded because of inappropriate reporting of 
outcome (n = 10) or language restrictions (n = 3) 

Citations retrieved for more detailed evaluation of full 
manuscripts (n = 34) 

Studies included in systematic review (n = 21) 

References excluded after 
screening title (n = 84) 

References excluded after 
screening abstract (n = 29) 



Results 

Results: characteristics of studies included 

NR, not reported; Prosp., prospective cohort; Retro., retrospective cohort; TAS, transabdominal sonography; TVS, 
transvaginal sonography 



Results: sROC curves (−) and pooled sensitivity and specificity ( ●) for prediction of 
uterine defects* 

Myometrial lower uterine segment 
(LUS) thickness 

Full lower uterine  
segment (LUS) thickness 

*Rectangles show the observed accuracy for each cut-off point in each study 
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Results 

Myometrial LUS thickness 
cut-off ranges  
0.6–2.0 mm: ○ observed accuracy; 
● pooled sens/spec; ─ sROC curve 
2.1–4.0 mm: □ observed accuracy; 
■ pooled sens/spec; - - sROC curve 

Full LUS thickness 
cut-off ranges  
2.0–3.0 mm: ○ observed accuracy; 
● pooled sens/spec; ─ sROC curve 3.1–
5.1 mm: □ observed accuracy; 
■ pooled sens/spec; - - sROC curve 
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• Full LUS thickness measurement between 2.0 and 3.0 mm reached a specificity of 0.91 
(95% CI, 0.80–0.96) at a sensitivity of 0.61 (95% CI, 0.42–0.77). 
 
• Full LUS thickness measurement between 3.1 and 5.1 mm reached a specificity of 0.63 
(95% CI, 0.30–0.87) at a sensitivity of 0.96 (95% CI, 0.89–0.98) 
 
• The accuracy of TVS and TAS could not be compared statistically 
 

Sonographic measurement of lower uterine segment thickness to predict uterine rupture during a 
trial of labor in women with previous Cesarean section: a meta-analysis 

Kok et al., UOG 2013 

Results 



Summary… 

‘Thick’ lower uterine segment: 

• low risk of uterine rupture (high NPV) 

 

‘Thin’ lower uterine segment:  

• low risk of uterine rupture (low PPV) 

  

 



Trial of Labor after Cesarean (TOLAC) 

Two major clinical questions: 

1. Risk of uterine rupture 

2. Probability of vaginal delivery (VBAC) 



Predictive models of vaginal birth (VBAC) based on 
clinical factors 

Grobman et al. Obstet Gynecol 2007;109:806–12 
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Grobman et al. Am J Perinatol 2009;26:693–701 
Grobman et al. Obstet Gynecol 2007;109:806–12 

https://mfmu.bsc.gwu.edu/PublicBSC/MFMU/VGBirthCalc/vagbirth.html 

Entry of care  AUC 0,68 
Close to delivery AUC 0,72 

Schhorel et al. BJOG 2014;121:840-7 

Predictive models of vaginal birth (VBAC) 



Ultrasound and uterine scar 
Before pregnancy–First and second trimester 

Naji et al. Ultrasound Obstet Gynecol 2012;39:252-9 
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Ultrasound and uterine scar 
Before pregnancy–First and second trimester 

D=Residual myometrial thickness (RMT) 



Naji et al. Ultrasound Obstet Gynecol 2012;39:252-9 

Currently, it is not known if the appearances of CS 
scars using ultrasound relate to the functional 
integrity of the uterus, the risk of scar ectopic 
pregnancy, pathological placentation, uterine 
rupture or performance in labor. 

Ultrasound and uterine scar 
Before pregnancy–First and second trimester 



Predicting successful VBAC using a model based on 
Cesarean scar features examined by TV US 

Naji et al. Ultrasound Obstet Gynecol 2013;41:672-8 



Predictive models of VBAC 

Naji et al. Ultrasound Obstet Gynecol 2013;41:672-8 

Parameter Failed VBAC (n = 47) Successful VBAC (n = 74) 

Age (years) 33 (20, 28, 35, 43) 32 (21.0, 29.0, 34.0, 39.0) 

Body mass index (kg/m2) 25 (19, 23, 29, 40) 27 (18.0, 24.0, 30.0, 41.0) 

Previous VBAC 3 (6.4) 25 (33.8) 

RMT (mm)     

First trimester 5.5 (3.0, 4.8, 6.4, 9.1) 5.9 (2.8, 3.5, 5.9, 7.6) 

Second trimester 2.8 (0.5, 2.6, 3.1, 4.2) 4.2 (2.6, 3.0, 4.6, 6.3) 

Third trimester 2.5 (0.5, 2.4, 2.6, 3.8) 3.6 (3.2, 2.6, 3.9, 5.9) 

ΔRMT: first trimester – second 
trimester (mm) 

2.8 (0.1, 2.1, 3.4, 6.2) 0.8 (0.1, 0.4, 1.2, 4.7) 



Naji et al. Ultrasound Obstet Gynecol 2013;41:672-8 

Effect OR (95% CI) P 

Age (per 5 year increase) 0.70 (0.35–1.37) 0.2957 

RMT II trim  (per mm increase) 6.26 (2.12–18.52) 0.0009 

ΔRMT (per mm decrease) 0.25 (0.13–0.48) < 0.0001 

Previous VBAC (yes/no) 3.28 (0.50–21.47) 0.2157 

Predictive models of VBAC 



Validation of a prediction model for successful vaginal birth 
after Cesarean delivery based on sonographic assessment of 

a hysterotomy scar  

Baranov  et al. Ultrasound Obstet Gynecol 2017  epud ahead of print 



Take home messages 

Ultrasound of lower uterine segment in 
women with previous cesarean delivery is 
technically feasible at during pregnancy 

 

Its clinical role in the admitting the women to 
TOLAC or predicting VBAC is still debated 



• Ultrasound assessment of the risk of uterine rupture in women with 
uterine scars has not been shown to have any clinical utility and is 
therefore not recommended during pregnancy to help decide the mode 
of delivery (professional consensus).  



Take home messages 
Pro Cons 

Ultrasound of LUS is simple and 
reproducible 
 
If thick LUS low risk of uterine rupture 
and objective documentation of 
elegibility to TOLAC 

Wide range of reference measurements 
 
Dehiscence can only be diagnosed at 
Cesarean 
 
<candidates to TOLAC with thin LUS who 
may have VBAC with spontaenous onset 
of labor (low PPV) 
 
No cut off can be suggested 
 
Strain better than tickness? 



Assessment of cesarean section scar stiffness by ultrasound 
elastography 

Ghi et al in preparation 



• 85 patients included (one single 
previous CD) 

• Elastoscan at 14.1 ± 1.1 months 
from CD 

• >stiffness of the uterine scar vs 
surrounding intact myometrium 
(strain rate 1.88 ± 0.72, p <0.001) 

• strain rate of the uterine scar was 
comparable between women 
submitted to prelabor vs 
intrapartum cesarean delivery (1.91 
+ 0.72 vs 1.86 + 0.73, p 0.857). 
 
 



THE END 


