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Abstract

Objective: To develop and validate a predictive model assessing the risk of cesarean delivery in primiparous women based on
the findings of magnetic resonance imaging (MRI) studies. Design: Observational study Setting: University teaching hospital.
Population: 168 primiparous women with clinical findings suggestive of cephalopelvic disproportion. Methods: All women
underwent MRI measurements prior to the onset of labor. A nomogram model to predict the risk of cesarean delivery was
proposed based on the MRI data. The discrimination of the model was calculated by the area under the receiver operating
characteristic curve (AUC) and calibration was assessed by calibration plots. The decision curve analysis was applied to evaluate
the net clinical benefit. Main Outcome Measures: Cesarean delivery. Results: A total of 88 (58.7%) women achieved vaginal
delivery, and 62 (41.3%) required cesarean section caused by obstructed labor. In multivariable modeling, the maternal body
mass index before delivery, induction of labor, bilateral femoral head distance, obstetric conjugate, fetal head circumference
and fetal abdominal circumference were significantly associated with the likelihood of cesarean delivery. The discrimination
calculated as the AUC was 0.845 (95% CI: 0.783-0.908; P < 0.001). The sensitivity and specificity of the nomogram model were
0.918 and 0.629, respectively. The model demonstrated satisfactory calibration. Moreover, the decision curve analysis proved
the superior net benefit of the model compared with each factor included. Conclusion: Our study provides a nomogram model
that can accurately identify primiparous women at risk of cesarean delivery caused by cephalopelvic disproportion based on the

MRI measurements.
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Running title:
A nomogram for predicting cesarean delivery
Abstract

Objective: To develop and validate a predictive model assessing the risk of cesarean delivery in primiparous
women based on the findings of magnetic resonance imaging (MRI) studies.

Design: Observational study
Setting: University teaching hospital.
Population: 168 primiparous women with clinical findings suggestive of cephalopelvic disproportion.

Methods: All women underwent MRI measurements prior to the onset of labor. A nomogram model to
predict the risk of cesarean delivery was proposed based on the MRI data. The discrimination of the model
was calculated by the area under the receiver operating characteristic curve (AUC) and calibration was
assessed by calibration plots. The decision curve analysis was applied to evaluate the net clinical benefit.

Main Outcome Measures: Cesarean delivery.

Results: A total of 88 (58.7%) women achieved vaginal delivery, and 62 (41.3%) required cesarean sec-
tion caused by obstructed labor. In multivariable modeling, the maternal body mass index before delivery,
induction of labor, bilateral femoral head distance, obstetric conjugate, fetal head circumference and fetal
abdominal circumference were significantly associated with the likelihood of cesarean delivery. The discrim-
ination calculated as the AUC was 0.845 (95% CI: 0.783-0.908; P< 0.001). The sensitivity and specificity of
the nomogram model were 0.918 and 0.629, respectively. The model demonstrated satisfactory calibration.
Moreover, the decision curve analysis proved the superior net benefit of the model compared with each factor
included.

Conclusion: Our study provides a nomogram model that can accurately identify primiparous women at
risk of cesarean delivery caused by cephalopelvic disproportion based on the MRI measurements.
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Tweetable abstract

A model may guide the clinician in making appropriate management decisions for primiparous women with
clinical suspected cephalopelvic disproportion.

INTRODUCTION



Cephalopelvic disproportion (CPD) is a mismatch between the maternal pelvis and the fetus, which is the
most common cause of obstructed labor!. Dystocia and subsequent emergency cesarean section are associated
with maternal and neonatal morbidity, including uterine rupture, postpartum hemorrhage, chorioamnionitis,
neonatal birth injuries, and even mortality® 3. On the other hand, the over-diagnosis of CPD is one of the
main reasons for a continuous increase in cesarean deliveries?. If obstetricians and midwives could identify
patients at high risk for cesarean delivery, it might avoid increased complications by offering a scheduled
surgery, while those at low risk could be encouraged to pursue vaginal delivery.

Clinical pelvimetry to estimate various pelvic dimensions using systematic manual examinations of specific
bony landmarks has been considered poor accurate and unsatisfactory interobserver agreement®. Hence, ra-
diological pelvimetry measurements using X-ray®, computed tomography 7 and magnetic resonance imaging
(MRI)® have been introduced to antenatal assess the relationship between the maternal pelvis and fetus
in order to choose proper delivery methods. MRI pelvimetry is superior to other radiological techniques,
including X-ray and computed tomography, since it can provide an accurate evaluation of pelvic dimensions
while imaging soft tissue structures and fetus without radiation exposure® '°. The pelvimetric errors of
MRI are approximate 1% versus 10% for conventional X-ray measurements 8. Although the MRI seemed
promising to evaluate the maternal pelvic capacity and fetal size, to our knowledge, yet there is still no
literature that has focused on the model using MRI to predict the chance of successful vaginal delivery.

As such, the objective of our study was to prospectively assess the clinical and MRI features to develop and
validate a risk prediction model for estimating CPD in primiparous women before the onset of labor.

METHODS
Study design

The prospective, blinded observational study was conducted between April 2020 and April 2021 at Women
Hospital, Zhejiang University, school of medicine. Nulliparous women were eligible if they had a viable
singleton cephalic presentation pregnancy at full term ([?] 37 completed weeks) with clinical suspicion of
CPD (either short maternal stature, unengaged fetal presentation or suspected macrosomia). Exclusion
criteria were congenital malformations, maternal contraindications to vaginal delivery and contraindications
to the use of MRI such as severe claustrophobia and metal implants.

The enrolled women had spontaneous onset of labor or performed induction of labor. Failure to labor
progress was defined according to national guidelines'!. Cesarean delivery was recommended if failure to
generate cervical change after at least 24 hours of oxytocin administration during the latent phase or the rate
of cervical dilation <lcm in 4 hours when the cervix was > 6cm dilated''. The women were also excluded
if they required cesarean deliveries with other indications, such as fetal distress, placental abruption and
preeclampsia. Managing practitioners were blinded to the results of MRI findings. Vaginal delivery included
spontaneous and assisted operative deliveries using forceps.

The study was approved by the local ethics and research committees (IRB-20200044-R on April 04, 2020).
In addition, written consent was obtained from all women who agreed to participate.

MRI pelvimetry and fetalbiometry

MRI measurements were performed within fourteen days before labor. All antenatal MRI images were
obtained using a 1.5-T unit system (GE Signal HDxt; GE Healthcare, USA) and an eight-element phased-
array body coil. The enrolled women were placed in a supine position without sedation. After a localizing
gradient echo sequence, the imaging protocol consisted of axial T1-weighted fast spin-echo and sagittal T1
fast spin-echo sequences (repetition time 520 ms, echo time 7.8 ms, 5mm slice thickness, 0.5 mm gap, a
field of view 36-40 cm). The scan extended down to the level of the lower margin of the pubic symphysis.
Parameters were measured using the institution’s picture archiving and communication system (Zhejiang
Greenlander I.T. Co., Ltd., Hangzhou, China).

On transverse sections, bilateral femoral head distance, interspinous distance, intertuberous distance and



subpubic angle were visualized and measured (Figure S1). The midsagittal section measurements included
the following parameters: obstetric conjugate, pelvic width, sacral outlet diameter, outlet diameter of the
pelvis, sacrum length and pelvic inclination (Figure S2). Fetal biometry, including fetal biparietal diameter,
head circumstance and abdominal circumstance, were obtained from the 4-mm acquisition. All parameters
were measured independently by two radiologists with at least five years of experience in gynecological MRI
for inter-observer and intra-observer reliability.

Maternal characteristics including age, gestational age at delivery, height, weight, weight gain during preg-
nancy, induced or spontaneous labor and the final mode of delivery were recorded. Data on the neonatal
outcomes were also collected: sex, birth weight, Apgar scores after 1 and 5 minutes and the admission of
the newborn to the neonatal unit. Gestational age was determined by the first day of the last menstrual
period and confirmed by the first-trimester ultrasound measurement of crown-rump length!?. Body mass
index (BMI) was calculated according to the standard formula.

Statistical analysis

The baseline characteristics were described using means (standard deviations [SDs]) for continuous variables
and numbers (proportions) for categorical variables. The candidate variables associated with the risk of
cesarean delivery were selected a priori based on the clinical feature, common sense and predictors assessed in
the previously published literature!3-'®. Univariable logistics regression analyses were performed to estimate
odds ratios (OR) and 95% confidence intervals (CIs). We excluded maternal height and fetal biparietal
diameter as the candidate predictors because of the multicollinearity with other variables. A backward
stepwise elimination approach was applied to select independent variables for the multivariable logistics
regression model with the Akaike Information Criterion'®.

Nomograms were constructed by selected variables to predict the probability of cesarean section using statis-
tical software (rms in R; http:// www.r-project.org). For model performance, we assessed the discrimination
(the ability to differentiate between the prediction and outcome) and calibration (the discrepancy between
predicted and observed outcomes). To quantify the model discrimination, we calculated the concordance
(C-) index as the area under the receiver operating characteristic curve (AUC). The calibration was evalu-
ated by calibration plots, accompanied by the Hosmer-Lemeshow goodness-of-fit test. The model internal
validation was accessed by bootstrapped resampling to quantify overoptimism'?. The optimal cutoff value
was calculated by maximizing the Youden index using receiver operating characteristic curve (ROC) analysis
(i.e., sensitivity + specificity - 1), and then the sensitivity and specificity were estimated. Finally, decision
curve analyses were also applied to evaluate the net benefit of the prediction model (rmda in R; http://
www.r-project.org)'®. All tests were 2-sided, P value less than 0.05 was considered statistically significant.
The analyses were performed using R statistical software, version 4.0.3.

RESULTS
Study population

A total of 208 nulliparous women were recruited into our study. We excluded 27 women who decided elective
cesarean delivery for the following reasons: changed their minds and rejected attempting to a vaginal delivery
after an MRI examination (n = 25), pre-eclampsia (n = 2). Of the eligible 181 women, twenty-nine were
excluded for immediate urgency situation of fetal compromise, one was excluded for incomplete data and one
withdrew her consent (Figure S1). Table 1 illustrates the baseline clinical characteristics, MRI measurements
for the study population. Of the remaining 150 women for analysis, the mean age was 30 years and the mean
height was 158 cm. Sixty-two women required cesarean delivery (41%), while eighty-eight women (59%)
underwent vaginal delivery: among these, 12 women (8%) were performed assisted operative deliveries using
forceps and 76 (51%) achieved spontaneous vaginal delivery.

Candidate predictors of cesarean delivery

Univariable analyses revealed the following variables were significantly associated with the probability of
caesarean delivery: maternal height, BMI before labor, induction of labor, bilateral femoral head distance,



interspinous diameter, obstetric conjugate, subpubic angle, fetal biparietal diameter, fetal head circumference
and fetal abdominal circumference (Table 2). Subsequent backward stepwise multivariable logistics analysis
identified maternal BMI before labor (OR, 1.307; 95% CI, 1.109-1.541; P = 0.001), induction (OR, 2.777;
95% CI, 1.190-6.478; P = 0.018), bilateral femoral head distance (OR, 0.898; 95% CI, 0.838-0.963; P =
0.003), obstetric conjugate (OR, 0.951; 95% CI, 0.907-0.997; P = 0.038), fetal head circumference (OR,
1.786; 95% CI, 1.152-2.770; P = 0.01) and fetal abdominal circumference (OR, 1.685; 95% CI, 1.221-2.325;
P = 0.001) as independent predictors for the risk of cesarean delivery (Table 3).

Model Performance

Nomograms derived from the multivariable model to predict the probability of cesarean delivery were shown
in Figure 1. The sum of the assigned points for each variable in the nomograms predicted the overall risk.
The discrimination of this prediction model was evaluated using the AUC (0.85, 95% CI: 0.79-0.91;P <
0.001) (Figure 2a). The calibration plots showed good agreement between prediction and observation with
a calibration slope of 1.01 (Figure 2b). Additionally, the Hosmer-Lemeshow test yielded a nonsignificant
statistic (P = 0.472), which indicated a reasonable model fit.

Clinical significance

The sensitivity and specificity of the prediction model were 0.90 and 0.66, respectively. The decision curve
analyses to compare the performance of the nomograms with the univariable models representing individual
variables selected by the nomograms are provided in Figure 3. The nomogram model obtained a more
significant net benefit than the models of individual predictors.

DISCUSSION
Main Findings

In this prospective cohort study, we develop and validate a nomogram model to predict the probability of
cesarean delivery for nulliparous women with suspected cephalopelvic disproportion based on six parameters:
maternal BMI before labor, induction of labor (spontaneous / induced), bilateral femoral head distance,
obstetric conjugate, fetal head circumference and fetal abdominal circumference. It is the first time combining
maternal characteristics and MRI parameters as a practical tool to evaluate individual CPD risk in the
nulliparous woman at term.

Strengths and limitations

Our study has several limitations. The main drawback of this model is the comparatively high cost of
MRI examination. Generally, the current cost of MR imaging is approximately 3- to 4-fold the cost of
ultrasonography. However, we simplified the acquisition parameters of the MRI examination for this model,
which should reduce the cost of MRI for this specific population with suspected CPD. Hopefully, with the
simplification of the MRI examination, the benefit of this method would outweigh the cost arguments. In
addition, our study population included only Chinese women, and our results might not be representative of
other ethnic populations. Furthermore, we only performed internal validation using bootstrap resampling,
and further external validation should be required from other populations. Despite these limitations, we
constructed a nomogram model to predict the risk of cesarean delivery with good accuracy; to our knowledge,
it potentially was the first time.

Interpretation (in light of other evidence)

Antenatal estimation of the relationship between the maternal pelvis and fetal size is essential to evaluate
obstetrical prognosis. Various pelvic diameters have been proposed to assess the risk of unplanned cesarean
delivery. Several studies reported a significant positive correlation between obstetric conjugate and vaginal
delivery'® 19, Besides, Joyce et al.2 asserted the minimum obstetric conjugate of 10 cm that required a fetus
of 3400g to pass through the birth canal. Similarly, our final model incorporated the obstetric conjugate as
a significant predictive factor for dystocia. Another significant variable is the interspinous diameter, which
is considered as the parameter representing mid-pelvis. Our study showed that the interspinous diameter



was significantly associated with the cesarean delivery group by univariable analysis, which agrees with
the previous report!® 2'. However, the final multivariate model eliminated the interspinous diameter as an
independent factor to predict the overall cesarean risk for dystocia. Moreover, we identified the bilateral
femoral head diameter as a predictive factor in both univariable and multivariate analysis, which can be
a novel parameter measuring the transverse distance of the mid-pelvis. The mid-pelvis was considered as
an elemental plane of the birth canal, through which the fetus’ head usually passes in sagittal orientation.
Therefore, the bilateral femoral head distance, which is located in the central of the maternal pelvis in
anatomical structure, can be a reliable parameter to assess the capacity of the mid-pelvis.

Because unplanned cesarean delivery is associated with a greater risk of maternal morbidity and surgical
complications than scheduled cesarean delivery and vaginal delivery?2, it would be clinically beneficial to
predict the labor outcome in women with suspected CPD. There have been previous efforts to provide predic-
tive models for quantifying CPD. Morgan et al. originally proposed the fetal pelvic index 6, which combined
fetal head and abdominal circumferences with maternal pelvic inlet and mid pelvis circumferences to identify
CPD. However, it has been criticized for the clinically useful as a poor overall prediction value® 24, Burke
et al. developed a nomogram based on five parameters (maternal age, height, BMI, fetal abdominal circum-
ference and fetal head circumference) to assess the risk of primary cesarean delivery with limited predictive
accuracy (AUC = 0.69)%%. Nevertheless, previous models were either limited diagnostic accuracy?® 25 or too
complex for routine clinical practice®” 28, Additionally, some prediction tools required intrapartum factors
that counseling about likely outcomes cannot be made until labor occurs?®. Our nomogram model based on
antepartum factors may be a clinically beneficial and accurate tool for predicting cesarean delivery risk in
nulliparous women.

Previous studies have demonstrated that MRI is a reliable and accurate method to evaluate labor outcomes
irrespective of the experience. A randomized trial conducted by Van Loon et. al.?asserted that MRI pelvic
measurements allowed the better choice of delivery modes with a significantly lower emergency cesarean
section rate of breech presentation at term. Some researchers attempted to identify if MRI pelvimetry could
predict the success of vaginal delivery in women with previous cesarean sections®'. As the study comprised
only 16 patients, we considered the results should be supported by larger ones. Sporri et. al.?! confirmed
the significant association between MRI pelvimetry and CPD in 42 women, especially the parameters of the
interspinous dimension and obstetric conjugate. However, the inclusion criteria were unrepresentative and
MRI pelvimetry was performed postpartum. Previous attempts have shown that several MRI pelvimetric
parameters are associated with CPD, such as anterior-posterior mid-pelvis diameter, interspinous diameter,
and mid-pelvis capacity'® 3233, Another application of MRI is to estimate fetal weight; compared with
ultrasound biometry, it is more accurate 4. To date, there has not been an established method for accessing
the effects of multiple risk factors incorporated MRI measurements for determining the probability of primary
cesarean delivery in an individual woman. Our study expands the findings of previous investigations to
develop a nomogram model based on pelvic dimensions and fetal biometry measured by MRI to predict
successful vaginal delivery.

CONCLUSION

In conclusion, we conducted a nomogram by combining six prepartum risk factors to predict the likelihood
of cesarean delivery in primiparous women at term. This nomogram provides good discrimination and
calibration. In addition, the decision curve analysis shows net beneficial in conventionally clinical practice.
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