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Abstract
Objective: To assess the added value of Doppler parameters, maternal history, and intrapartum
clinical characteristics for the prediction of emergency delivery due to non-reassuring fetal status

in low-risk pregnancies.

Methods: This was a prospective cohort of low-risk pregnancies undergoing ultrasound
assessment at 40 weeks’ gestation within 7 days of delivery. The main outcome was emergency
cesarean section due to non-reassuring fetal status. The association between Doppler parameters,
intrapartum clinical characteristics, and maternal history was performed by logistic regression. The
predictive performance of the constructed models was assessed by receiver operating

characteristic (ROC) curve analysis and the area under the curve (AUC).

Results: From 403 included pregnancies, 18.6% (n= 75) underwent an emergency delivery due to
non-reassuring fetal status. The mean gestational age at birth was 40.5 (SD 5) days. Middle
cerebral artery pulsatility index (MCA) and cerebroplacental ratio (CPR) were lower in the
emergency cesarean section group (1.16 vs. 1.30; p<0.001, and 1.61 vs. 1.78; p=0.001,
respectively). There was a higher incidence of small-for-gestational-age neonates (20% vs. 10.1%;
p=0.017), lower Apgar scores at the 5™ minute (9.7 vs. 9.9; p=0.006), and NICU admissions (9% vs.
3%; p=0.016) in the emergency cesarean section group. The base model comprised nulliparity, and
the finding of meconium-stained amniotic fluid during labor, achieving an AUC of 66%, while the
addition of the MCA Z-score significantly improved the previous model (AUC: 73%; Delong:
p=0.008).

Conclusions: In low-risk pregnant woman at term, the addition of MCA Z-score to a previous
model comprising maternal history and intrapartum clinical findings, significantly improves the

prediction of emergency delivery due to non-reassuring fetal status.
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Introduction

The identification of fetuses at risk of intrapartum complications in low-risk pregnancies is still
challenging, and no widely accepted screening tests for this condition exists yet. No evidence
supports the evaluation of the amniotic fluid index (AFI)  at labor admission, neither the use of

cardiotocography (CTG) as a screening test for fetal compromise 2

. Moreover, during labor,
continuous CTG is recommended only in those pregnancies at higher risk of hypoxia, while in
women at lower risk intermittent monitoring should be more appropriate 3. Nevertheless, the
majority of intrapartum hypoxia occurs in low-risk pregnancies 4°.

Doppler assessment is nowadays considered essential in the evaluation and follow-up of
small-for-gestational-age fetuses (SGA), but there is not enough information on its use for low-risk
pregnancies at term. Over the last decade, several studies have suggested that Doppler
assessment could be valuable in the detection of placental insufficiency in adequate-for-
gestational-age fetuses (AGA). The rationale behind this hypothesis is that Doppler parameters
could capture a subgroup of fetuses with placental insufficiency that has not reached an estimated
fetal weight (EFW) below the 10t™ percentile. In these cases, the only sign of placental insufficiency
would be a redistribution of the fetal circulation shown by a reduction in the middle cerebral
artery (MCA) pulsatility index (Pl) and cerebroplacental ratio (CPR)”°, which has been associated
with an increased risk for emergency cesarean section and neonatal acidosis %12, The objective
of this study is to assess the added value of Doppler parameters combined with maternal history

and intrapartum clinical characteristics for the intrapartum prediction of emergency delivery due

to non-reassuring fetal status in low-risk pregnancies.
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Methods

Study population

This is a blinded prospective cohort of low-risk pregnancies conducted in a third level reference
hospital in Italy between October 2014 and December 2015. Criteria for inclusion were 1) low-risk
pregnant woman (where low-risk was considered in the absence of any major maternal morbidity
or pregnancy complication), 2) admitted for hospital evaluation at 40 weeks’ gestation, 3) with
history of an adequate-for-gestational age fetus (EFW >10™ percentile) at third trimester
ultrasound screening (30-34 weeks’ gestation) according to local standards '3, 4) delivering within
the next 7 days from evaluation. Exclusion criteria were multiple pregnancies, pregnancies
complicated with neonatal chromosomal or structural abnormalities, intrauterine infection, and
those fetuses without a cephalic presentation. The hospital ethics committee approved the study
protocol, and written consent was obtained for the study from all recruited patients (protocol

#354_2014).

Main outcome

The main outcome was the indication of emergency cesarean or vaginal operative delivery for
non-reassuring fetal status was based on abnormal fetal heart rate tracing *°. In brief, fetal heart
monitoring was carried out, and tracings were classified as normal, suspicious, or abnormal,
according to the presence, type, and length of decelerations; bradycardia; tachycardia and the
assessment of variability as reported elsewhere °. In cases with two or more criteria of
indeterminate tracing and one or more criteria of abnormality, indication for emergency delivery
was considered for non-reassuring fetal status. Obstetricians and midwives who carried out labor

were blinded to the results of Doppler evaluation.
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Ultrasound evaluation

Pregnancies were dated by first-trimester crown-rump length measurements 4. The EFW was
calculated using the Hadlock formula *°.

According to the hospital protocol for low-risk pregnancies, all patients were evaluated at 40
weeks of gestation for the assessment of fetal well-being, by the biophysical profile modified
based on fetal movements and the measurement of amniotic fluid index (AFl). Ultrasound Doppler
examinations were performed by one of three experienced operators (N.C., S.A., or S.D.), using a
General Electric Voluson E6 (GE Medical Systems, Zipf, Austria) ultrasound machine equipped with
a 6-2 MHz linear curved-array transducer. Doppler recordings were performed in the absence of
fetal movements, voluntarily suspended maternal breathing, and maternal contractions. Spectral
Doppler parameters were performed automatically from three or more consecutive waveforms,
with the angle of insonation as close to 0° as possible. Umbilical artery Pl was calculated from a
free-floating cord loop, and it was considered abnormal if >95™ centile 6. Middle cerebral artery
Pl was measured in a transversal view of the fetal head, at the level of its origin from the circle of
Willis; it was considered abnormal if below the 5% centile 117, Finally, CPR was calculated as a
ratio of the MCA PI to the UA PI, and its value was considered abnormal if below the 5t centile 7.
Three images were taken from each vessel, and the mean of them was used for subsequent

analysis.

Management

No clinical decisions were based on Doppler results since Doppler examinations were blinded to
the attending obstetrician. Indications for hospital admission were active labor, premature rupture
of the membranes (PROM), oligohydramnios, vaginal bleeding, and 41+0 weeks’ gestation if no

signs of labor appeared according to the hospital protocol.
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Active labor was defined as cervical ripening and dilatation >3 cm in the presence of at least 3
uterine contractions in 10 minutes recorded at cardiotocography 8. Diagnosis of PROM was based
on history and confirmed by the presence of pooled amniotic fluid on a sterile speculum or
positive result from a prom-test. Oligohydramnios was defined if AFl was below 5 cm. Induction of
labor was carried out by cervical ripening with a release vaginal prostaglandin E2 or oral
prostaglandin E1. If the onset of labor did not occur within 18 hours, oxytocin induction was

started.

Data collection and outcome measures

Data on maternal characteristics including age, ethnicity, body mass index, parity, smoking status,
known chronic disease as hypertension, diabetes mellitus, renal disease, autoimmune disease, and
previous maternal history were recorded in the hospital database at inclusion. In addition, data
regarding pregnancy follow-up, complications developed during pregnancy, ultrasound evaluation
and perinatal data were prospectively collected.

Neonatal metabolic acidosis was defined as the presence of UA pH less than or equal to 7.15 and
base excess greater than 12 mEq/L at birth 2°. SGA was defined as birthweight was less than 10t
centile, while large-for-gestational-age (LGA) was defined as birthweight was above the 90t

centile, according to local standards 3.

Statistical analysis

Quantitative variables were assessed for normality using Shapiro-Wilk’s test: normally distributed
variables were compared using t-test and expressed as mean and standard deviation (SD). Non-
normally distributed variables were compared using U-Mann-Whitney test and expressed as

median and interquartile range (IQR). Qualitative variables were compared using X2 or Fisher's
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exact test. The association between Doppler parameters (UA, MCA, CPR) and emergency delivery
was assessed by logistic regression, where the basal comparison was a model comprising maternal
history and intrapartum, and the full model included the addition of Doppler parameters using a
nested logistic regression?!. Models were compared by assessing the improvement in their
Naegelkerke R2 as a measure of goodness of fit (the proportion of uncertainty explained by the
model) using a Wald x2 test??. The predictive performance for the models was determined by
receiver operating characteristic (ROC) curve analysis and the area under the curve (AUC)%. A
Conditional Decision Tree Analysis was also performed to present the best combination of
predictors for the main outcome 242>, Data were analyzed using STATA for Mac, v.14.1 (College
Station, Texas) and R v15.1 (The R Foundation for Statistical Computing) [package “pROC” and

“Party”] %6. A p-value < 0.05 was considered statistically significant.

Results

Participants and baseline characteristics

A total of 428 pregnancies fulfilled the selection criteria, from these, 6 patients refused to
participate in the study and 18 were excluded because of delivery after 7 days from initial
evaluation, leaving 403 participants for analysis. Baseline maternal characteristics of the study
population are shown in Table 1. The mean gestational age at admission was 40.4 weeks (SD 5
days) and the mean gestational age at delivery was 40.5 weeks (SD 5 days).

Labor results and perinatal outcome

Induction of labor was carried out in 194 women (48.1%); the remaining 209 patients (51.9%) had
spontaneous onset of labor. During labor, 75 fetuses (18.6%) had an emergency delivery due to

non-reassuring fetal status that required either an emergency cesarean section (n=57, 76%) or an
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operative vaginal delivery (n=18, 24%). There were no cases of stillbirth or neonatal death. Details
on perinatal outcome are shown in Table 2 and 3.

Doppler parameters

Doppler parameters at 40 weeks examination showed that all cases had a normal UA PI, whereas
19 (5%) of the fetuses had MCA PI <5t centile, and 44 (11%) had a MCA PI <10™" centile. CPR PI
<5t centile was found in 25 (6%) of the fetuses, while in 55 (14%) it was <10™ centile. Both CPR
and MCA Pl measured within 7 days of delivery were significantly lower in fetuses requiring
emergency delivery compared to the controls (Table 4). Table 5 shows the comparison in perinatal
parameters between the two groups. Figure 1 shows the comparison in Doppler parameters
between fetuses requiring emergency delivery and controls.

Prediction of emergency delivery

Step-wise logistic regression analysis was used to determine the significant contributors to
emergency delivery. The only significant contributor regarding maternal history was nulliparity,
showing an OR of 4.17 (95% Cl: 2-8.7; p<0.001). For the intrapartum clinical characteristics, the
presence of meconium-stained amniotic fluid was found significant (OR: 2.26; 95% Cl: 1.26-4.1;
p=0.006). Finally, a higher MCA Z-score was associated with a reduced probability for emergency
delivery due to non-reassuring fetal status (OR: 0.49; 95% Cl: 0.35-0.69; p<0.001).

The base model for the prediction of emergency delivery comprised nulliparity and meconium-
stained amniotic fluid (Naegelkerke R2: 6.3%), yielding an AUC of 66% (95% Cl: 60% - 72%), while
the addition of the MCA Z-score to the base model show and AUC of 73% (95% Cl: 67% - 79%),
significantly improving the previous model (DeLong: p=0.008). Table 6 show all logistic regression
analyses and comparisons between models. Figure 2 shows the AUC for the constructed models.

Clinical decision analysis
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A Decision Tree Analysis was used to determine the best combination of parameters for the
prediction of emergency delivery (Figure 3). We decided to include only dichotomous variables to
improve clinical decision making. The best initial predictor, according to this analysis, was an MCA
<10% percentile, which included 43% of the fetuses requiring emergency delivery. In those with an
MCA >10%" percentile, the second-best predictor was nulliparity, which determined 21% of cases,
while the proportion of emergency deliveries in a multiparous woman with normal fetal Doppler

was only 4%.

Discussion
Main findings
There is controversy on whether Doppler parameters are useful in low-risk pregnancies at term. In
this study, we found that women requiring emergency delivery due to non-reassuring fetal status
had fetuses with lower MCA and CPR and that the addition of Doppler MCA to a base model
comprising maternal history and intrapartum clinical characteristics, significantly improved the
prediction of emergency delivery.

During periods of either acute or chronic hypoxia, the fetus redistributes its cardiac output
to ensure better perfusion of vital organs, such as the brain. A decrease in MCA Pl is a
consequence of these hemodynamic changes, and it is considered a manifestation of fetal
compromise. The CPR represents the interaction of alterations in blood flow to the brain, as a
result of cerebrovascular dilatation revealed by the MCA and increased placental resistance,
resulting in a decreased diastolic flow of the UA. The CPR becomes abnormal earlier, showing a
greater sensitivity compared to its individual components, but with less specificity ?’. In this
scenario, if Doppler assessment of the UA is of primary importance in those cases of severe

placental impairment, the evaluation of the CPR better reflects the oxygenation state in milder
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cases. In SGA fetuses, the MCA Doppler and CPR are the best in identify those pregnancies at risk
for emergency delivery in labor 2728, allowing to better assist the decision-making process
regarding timing and mode of delivery in these fetuses.
Over the last few years, great interest has arisen on the role of Doppler parameters for the
prediction of adverse perinatal outcome in AGA fetuses. Firstly, Prior et al. 7 prospectively
evaluated 400 AGA fetuses at term, reporting a lower CPR in women undergoing cesarean delivery
for non-reassuring fetal status, especially for a CPR was <10 centile, in which there was a 6 times
higher risk of cesarean section due to intrapartum fetal compromise. A few years later, Bligh et al.
2% in a blinded prospective study with a cohort of 437 low-risk pregnancies, evaluated CPR within
two weeks of delivery as a predictor of intrapartum fetal compromise and composite adverse
neonatal outcome, finding a fair predictive utility of CPR for cesarean section. Similarly, our study
suggests that CPR and MCA Dopplers are lower in women undergoing emergency delivery for non-
reassuring fetal status but most important, the addition of MCA in a clinical setting would
significantly improve the prediction of emergency delivery.
Morales-Rosselld et al. 3° conducted a retrospective cohort of 11,576 AGA term fetuses finding a
relationship between a lower CPR and lower birthweight, suggesting an increasing prevalence of
fetal hypoxemia in AGA fetuses. They proposed the CPR as a tool to identify AGA fetuses that are
failing to reach their growth potential. These findings are in accordance with other studies
showing the potential role CPR has to identify term AGA fetuses at risk of neonatal acidemia ?, 3%,
and NICU admission 3234,

With the rationale to show the potential role of Doppler parameters as indicators of fetal
hypoxia, rather than low estimated fetal weight, Bakalis et al. * and Akolekar et al. *? evaluated
the performance of a low CPR at 33 and 36 weeks’ gestation, finding a lower CPR in fetuses with

adverse outcome.
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The optimal gap between Doppler assessment and labor has not been determined®. Prior
et al.” demonstrated that an abnormal CPR measured within 72 hours of labor among AGA
neonates, was significantly associated with emergency delivery due to non-reassuring fetal status.
Recently Dell’Asta et al.l%, reported that a reduced CPR in low-risk term woman undergoing labor,
was associated with a two-fold higher risk of fetal compromise and three-fold higher incidence of
composite adverse perinatal outcome. Our data suggest that Doppler evaluation may be useful to
predict those fetuses at risk of intrapartum fetal compromise in a context of clinical decision
analysis, and regardless of the type of labor, which emphasizes the benefit of induction in
comparison with expectant management at the end of pregnancy. 3*34

The strengths of our study are first, the prospective design, whereas a substantial
proportion of the data on this topic comes from retrospective studies. Secondly, we recruited a
cohort of low-risk pregnancies that underwent Doppler assessment within 7 days of delivery,
potentially minimizing Doppler changes between the first assessment and the intrapartum
management. And finally, this is one of the few studies in which attending obstetricians and
midwives were blinded to Doppler results, reducing potential bias the management of these
patients. The main limitation of this study is the relatively small sample size. Therefore, larger
studies, ideally clinical trials, would be needed to add quality information on the usefulness of
Doppler assessment in low-risk pregnancies.

In conclusion, in low-risk pregnancies at term, the addition of Doppler parameters such as MCA Z-
score to a base model comprising maternal history and intrapartum clinical characteristics,
significantly improves the intrapartum prediction of emergency delivery due to non-reassuring
fetal status. This study adds evidence on the possible usefulness of Doppler evaluation in low-risk

pregnancies. Meanwhile, there is still not enough quality information to support the use of
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Doppler examination for clinical decision making in this type of population outside the context of a

clinical trial.

Disclosure Statement

The authors have no conflicts of interest to declare.

Funding Sources

None

Author Contributions

All the authors had a substantial contribution with specific responsibilities.

Francesca Crovetto was responsible of conception and design of the work, analysis and
interpretation of data, critically revision and final approval; Nicola Cesano, Federica Rossi, Stefano
Acerboni, Stefano De Marinis had a substantial role in the acquisition of data; Annachiara Basso,
Raigam Jafet Martinez Portilla, Rosalia Pascal Capdevila had a substantial contribution for writing
and drafting of the work and analysis of data; Barbara Acaia, Luigi Fedele, Enrico Ferrazzi, Nicola
Persico were responsible of the final revision and approval of the version to be published.

Any part of the work was appropriately investigated and approved by the authors.



261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

13

References

1. Kushtagi P, Deepika KS,. Amniotic fluid index at admission as predictor of intrapartum fetal
status. J Obs Gynaecol. 2011;31(393):5.

2. Alfirevic Z, Devane D, Gyte GM. Continuous cardiotocography (CTG) as a form of electronic
fetal monitoring (EFM) for fetal assessment during labour. Cochrane Database Syst Rev.
2017;2017(2):2006-2008. doi:10.1002/14651858.CD006066.pub3

3. Martis R, Emilia O, Nurdiati DS, Brown J. Intermittent auscultation of fetal heart rate in
labour for fetal well-being. Cochrane Dtabase Syst Rev. 2017;2(CD008680).

4, Graham EM, Hartman AL NF. A systematic review of the role of intrapartum hypoxia-
ischemia in the causation of neonatal encephalopathy. Am J Obs Gynecol.
2008;199(587):95.

5. Gunn AJ, Bennet L. Timing of injury in the fetus and neonate. Curr Opin Obs Gynecol.
2008;20(175):81.

6. Low JA, Pickersgill H, Killen H, Derrick EJ. The prediction and prevention of intrapartum fetal
asphyxia in term pregnancies. Am J Obs Gynecol. 2001;184(724):30.

7. Prior T, Mullins E, Bennett P, Kumar S. Prediction of intrapartum fetal compromise using the
cerebroumbilical ratio: A prospective observational study. Am J Obstet Gynecol.
2013;208(2). doi:10.1016/j.ajog.2012.11.016

8. Bligh LN, Al Solai A, Greer RM, Kumar S. Diagnostic Performance of Cerebroplacental Ratio
Thresholds at Term for Prediction of Low Birthweight and Adverse Intrapartum and
Neonatal Outcomes in a Term, Low-Risk Population. Fetal Diagn Ther. 2018;43(3):191-198.
doi:10.1159/000477932

9. Morales-Rosselld J, Khalil A, Morlando M, Bhide A, Papageorghiou, A, Thilaganathan B. Poor



285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

10.

11.

12.

13.

14.

15.

16.

17.

14

neonatal acid — base status in term fetuses with low cerebroplacental ratio. 2015;(July
2014):156-161. doi:10.1002/uog.14647

Dell’ Asta A, Ghi T, Rizzo G, Cancemi A, Aloisio F, Arduini D, Pedrazzi G, Figueras F, Frusca T.
Early labor cerebroplacental ratio assessment in uncomplicated term pregnancies and
prediction of adverse perinatal outcomes: a prospective, multicentre study. Ultrasound
Obstet Gynecol. 2018;10(1002):19113.

Bakalis S, Akolekar R, Gallo DM, Poon LC NK. Umbilical and fetal middle cerebral artery
Doppler at 30-34 weeks’ gestation in the prediction of adverse perinatal outcome.
Ultrasound Obstet Gynecol. 2015;45(4):409-420. doi:10.1002/u0g.14822

Akolekar R, Syngelaki A, Gallo DM, Poon LC NK. Umbilical and fetal middle cerebral artery
Doppler at 35-37 weeks’ gestation in the prediction of adverse perinatal outcome.
Ultrasound Obstet Gynecol. 2015;46(1):82-92. doi:10.1002/uo0g.14842

Bertino E, Coscia A, Boni L, Rossi C, Martano C, Giuliani F, Fabris C, Spada E, Zolin A MS.
Weight growth velocity of very low birth weight infants: role of gender, gestational age and
major morbidities. Early Hum Dev. 2009;85(6):339-347.
doi:10.1016/j.earlhumdev.2008.12.014

Robinson HP. A critical evaluation of sonar “ crown-rump lenght”measurements. Br J Obs
Gynecol. 1975;82(702):710.

Hadlock FP. Estimation of fetal weight with the use of head, body, and femur
measurements—A prospective study. AJOG. 1985;151(3):333-337.

Arduini D, Rizzo G. Normal values of Pulsatily index from fetal vessels: a cross sectional
study on 1556 healthy fetuses. Perinat Med. 1990;18(165).

Baschat AA GU. The cerebroplacental Doppler ratio revisited. Ultrasound Obstet Gynecol.

2003.



309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

15

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield
JS. Williams Obstetrics 24th Ed, McGraw-Hill Education, New York, 2014.

Macones George. ACOG Practice Bulletin No. 106: Intrapartum fetal heart rate monitoring:
nomenclature, interpretation, and general management principles. Obstet Gynecol.
2009;114(1):192-202. d0i:10.1097/A0G.0b013e3181aef106

Gregg AR. “Normal” umbilical arterial and venous acid-base and blood gas values. Clin Obs
Gynecol. 1993;36(24):32.

Lindsey C, Sheather S.J. Best subsets variable selection in nonnormal regression models.
Stata J. 2015;5:1046-1059.

Manjon M, Martinez O. The chi-squared goodness-of-fit test for count-data models. Stata J.
2014;14:798-816.

De Long ER, De Long DM, Clarke-Pearson DL,. Comparing the areas under two or more
correlated receiver operating characteristic curves: a nonparametric approach. Biometrics.
1988;44(3)(837):45.

Zhang H. Classification Trees for Multiple Binary Responses. J Am Stat Assoc.
1998;93(180):193.

Shih Y. Families of splitting criteria for classi cation trees. Stat Comput. 1999;9:309-315.
Hothorn T, Hornik K, Zeileis A. Unbiased recursive partitioning: A conditional inference
framework. J Comput Graph Stat. 2006;15(3):651-674. doi:10.1198/106186006X133933
Oros D. GECMRFFH-AE. Fetal brain Doppler to predict cesarean delivery for nonreassuring
fetal status in term small for gestational age fetuses. Obs Gynecol. 2011;117(618):626.
Figueras F, Savchev S, Triunfo S, Crovetto F, Gratacos E. An integrated model with
classification criteria to predict small-for-gestational-age fetuses at risk of adverse perinatal

outcome. Ultrasound Obstet Gynecol. 2015;45(3):279-285. doi:10.1002/uog.14714



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

29.

30.

31.

32.

33.

34.

16

N. Bligh L, Alsolai AA, Greer RM, Kumar S. Cerebroplacental ratio thresholds measured
within two weeks of birth and the risk of Cesarean section for intrapartum fetal
compromise and adverse neonatal outcome. Ultrasound Obstet Gynecol. 2017.
doi:10.1002/uog.17542

Morales-Roselld J, Khalil A, Morlando M, Papageorghiou A, Bhide A, Thilaganathan B.
Changes in fetal Doppler indices as a marker of failure to reach growth potential at term.
Ultrasound Obstet Gynecol. 2014;43(3):303-310. doi:10.1002/uo0g.13319

Parra-Saavedra, M, Simeone S, Triunfo S, Crovetto F, Botet F, Nadal A, Gratacos E , Figueras
F. Correlation between histological signs of placental underperfusion and perinatal
morbidity in late-onset small-for-gestational-age fetuses. Ultrasound Obstet Gynecol.
2015;45(2):149-155. doi:10.1002/uog.13415

Khalil Asma A, Morales Rossello J, Elsaddig M, Khan N, Papageorghiou A . The association
between fetal Doppler and admission to neonatal unit at term. Am J Obstet Gynecol.
2015;(July):1-7. d0i:10.1016/j.ajog.2014.10.013

Morales-Roselld J, Khalil A, Fornés-Ferrer V, Perales-Marin A. Accuracy of the fetal
cerebroplacental ratio for the detection of intrapartum compromise in nonsmall fetuses*. J
Matern Neonatal Med. 2018;7058:1-11. doi:10.1080/14767058.2018.1450380

Nicholson JM, Kellar LC, Henning GF, Waheed A, Colon-Gonzalez M, Ural S. The association
between the regular use of preventive labour induction and improved term birth outcomes:
Findings of a systematic review and meta-analysis. BJOG An Int J Obstet Gynaecol.

2015;122(6):773-784. d0i:10.1111/1471-0528.13301



17

Figure 1. Doppler comparisons between normal fetuses and those requiring emergent delivery

due to non-reassuring fetal status.

Figure 2. Performance of the predictive models for emergency delivery due to non-reassuring fetal
status: model 2 based on nulliparity and meconium-stained amniotic fluid, and model 3

comprising the previous model plus Doppler parameters.

Figure 3. Decision tree analysis on emergency delivery due to non-reassuring fetal status: black

bars represent the percentage of cases requiring emergency delivery among each subgroup.



