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Cardiotocography (CTG) applicability to improve fetal outcomes remains controversial. This study
aimed to determine the clinically optimal CTG assessment duration using the integrated score index
to predict fetal acidemia by intrapartum fetal heart rate monitoring (iPREFACE score). This single-
center, retrospective observational study included 325 normal full-term singleton vaginal deliveries at
the Toho University Omori Medical Center, from September 2018 to March 2019. The iPREFACE(10),
iPREFACE(30), and iPREFACE(60) scores were calculated at 10, 30, and 60 min immediately before
delivery. The primary outcome was fetal acidemia (umbilical artery blood pH <7.2). The secondary
outcome was the correlation between all iPREFACE scores and the umbilical artery blood pH,

base excess (BE), and lactate values. Patients without accurate CTG findings or with failure of
umbilical artery blood sampling immediately after birth were excluded, leaving 145 patients in the
final analysis. Of these, 16, three, and two had umbilical artery blood pH of<7.2,<7.1, and<7.0,
respectively. All iPREFACE scores significantly correlated with umbilical artery blood pH, BE, and
lactate values. iPREFACE(30) had the highest predictive capacity for fetal acidemia, suggesting that
30 min immediately before delivery may be a useful scoring time in clinical practice.

Introduced in the 1960s for fetal monitoring in obstetrics, cardiotocography (CTG) is now used worldwide for
the early detection of fetal distress during labor and delivery and to help determine the appropriate timing of
delivery'=>. Decreased oxygen concentrations in fetal arterial blood due to fetal distress can lead to respiratory
acidosis and, subsequently, metabolic acidosis due to decreased oxygen concentrations in the tissues. If the
oxygen concentration is not restored, it may cause hypoxic-ischemic encephalopathy (HIE), ultimately leading
to cerebral palsy or perinatal death*. Therefore, it is important to diagnose and to restore fetal hypoxia as early
as possible by obstetric intervention to prevent HIE and perinatal death. However, the usage of CTG has not
decreased the incidence of cerebral palsy (2-3/1000 live births)®, despite an increase in the rates of cesarean sec-
tion and vaginal instrumentation, which are widely known techniques to reduce the risk of hypoxic events>?.
Although CTG is effective in elucidating the pathophysiology of the parturient fetus®~, the false-positive rate of
cerebral palsy prediction is as high as 99.8%. Therefore, CTG application in clinical practice and its contributions
to improving fetal outcomes remain controversial'®!!.

Recently, the total deceleration area, which integrates the depth, duration, and frequency of fetal heart rate
(FHR) decelerations below the baseline on CTG, showed a better correlation with fetal status than standard
clinical assessments'?°. This finding could be interpreted as the integrating fetal damage caused by uterine
contractions during labor and delivery is essential for the prediction of the fetus’s condition.

We previously reported the integrated score index to predict fetal acidemia by the intrapartum fetal heart
rate monitoring (iPREFACE) score, calculated by adding the number of FHR waveform levels of deceleration,
using the five-tier classification defined by the Japanese Society of Obstetrics and Gynecology, on CTG for 30 min
during the second stage of labor until delivery'®'”. This pseudo-quantification of fetal damage was previously
observed to be highly predictive of fetal acidemia’®.
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Figure 1. An example of the iPREFACE score determination. MVD, mild variable deceleration; SPD, severe
prolonged deceleration; SVD, severe variable deceleration.

Thirty minutes was previously found to be sufficient for CTG scoring using the iPREFACE score, determined
from the median time required for the second stage of labor'®. However, the optimal duration for CTG scoring to
predict fetal acidemia has not been evaluated. Additional extended measurements may allow better assessment
of fetal damage integration, thus increasing the accuracy of fetal acidemia prediction. However, wearing a CTG
monitor for an extended time is uncomfortable for pregnant women, making scoring in the shortest possible
time desirable. The objective of this study was to determine the clinically optimal duration for CTG assessment
using the iPREFACE score to predict fetal acidemia.

Materials and methods

Study design. This single-center, retrospective observational study of all births was conducted at the Toho
University Omori Medical Center, from September 2018 to March 2019. The inclusion criteria were women aged
20 years or older with a full-term singleton vaginal delivery. The exclusion criteria were fetal growth restriction,
fetal anomalies, fetal chromosomal abnormalities, failure to be monitored by CTG continuously for more than
60 min immediately before delivery, inability to obtain accurate CTG findings, and failure to sample umbilical
cord arterial blood immediately after birth.

iPREFACE score. The iPREFACE score, which used CTG findings during the 30 min immediately before
delivery, was calculated by adding the number of deceleration FHR waveforms, except for prolonged decelera-
tions. Prolonged decelerations were added to the product of the duration (min) and deceleration FHR wave-
form level. The duration was expressed as an integer (Fig. 1). The FHR waveform levels used in the iPREF-
ACE score were determined with the five-tier classification defined by the Japanese Society of Obstetrics and
Gynecology'®!”. The iPREFACE(10), iPREFACE(30), and iPREFACE(60) scores were calculated at 10, 30, and
60 min immediately before delivery, respectively.

Five-tier classification. The Japanese Society of Obstetrics and Gynecology classifies FHR waveforms dur-
ing delivery into five levels to infer the degree of risk of fetal hypoxia and acidemia from the combination of
the following FHR elements: “baseline,” “deceleration,” and “baseline variability”"”. The five levels are defined
as follows: level 1, normal; level 2, subnormal; level 3, mildly abnormal; level 4, moderately abnormal; and level
5 severely abnormal. Levels 3 to 5 are defined as non-reassuring fetal status during delivery. In addition, the
guideline describes the physician’s response based on the FHR level classification. Level 3 response varies from
“intensified monitoring” to “conservative measures and search for cause” and “prepare for expedite delivery”
Level 4 response varies from “conservative measures and search for cause” to “prepare for expedite delivery” and
“perform expedite delivery.” Level 5 response is “perform expedite delivery.” Furthermore, if level 3 or 4 persists
during delivery, “a decision will be made periodically on whether or not to continue with vaginal delivery, con-
sidering the rate and progress of delivery,” and “if it is determined that vaginal delivery is difficult, an emergency
cesarean section will be performed at an early stage”.

Outcomes. The primary outcome was fetal acidemia, defined by an umbilical artery blood pH <7.2. This
value was established to identify pre-stage fetal asphyxia that could progress to adverse neurological events at
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Figure 2. Flowchart for selecting study participants.

birth. Umbilical cord arterial blood was collected within 1 min after delivery and analyzed immediately using an
arterial blood gas analyzer (ABL800 FLEX, Radiometer Medical ApS, Copenhagen, Denmark).

The secondary outcome was the correlation between iPREFACE(10), iPREFACE(30), and iPREFACE(60) and
the pH, base excess (BE), and lactate values of the umbilical cord arterial blood. This study used CTG immediately
before delivery because of its temporal proximity to the primary outcome.

Statistical analyses. Statistical analyses were performed using SPSS version 27 (IBM Corp., Armonk, NY,
USA). We constructed receiver operating characteristic (ROC) curves with the umbilical artery blood pH<7.2
as the outcome and iPREFACE(10), iPREFACE(30), and iPREFACE(60) as the independent variables. The area
under the curve (AUC) was used to estimate and compare the predictive capacities of the three iPREFACE scores
for fetal acidemia. We determined the cutoff values of iPREFACE(10), iPREFACE(30), and iPREFACE(60) to
predict fetal acidemia using the maximal Youden index, selecting the point where (sensitivity + specificity — 1) is
the maximum value on the ROC curves, and calculated the sensitivity, specificity, and the positive and negative
predictive values.

We compared the correlation between iPREFACE(10), iPREFACE(30), and iPREFACE(60) and fetal acidemia
using the linear regression method. Normality was determined using the Kolmogorov-Smirnov test. The para-
metric Pearson’s correlation coefficient was used for normally distributed data, and the nonparametric Spearman’s
correlation coefficient was used for data without normal distribution. A significant correlation was confirmed
when the correlation coefficient was > 0.4 or < — 0.4 according to Dancey and Reidy’s correlation categorization'’.

Ethical considerations. This study was approved by the Ethics Committee of the Toho University Omori
Medical Center (Approval No. M21202). Information about the study was published in an opt-out format on
the hospital website, guaranteeing potential research subjects the opportunity to refuse participation; therefore,
the need for written informed consent was waived as a result by the Ethics Committee of the Toho University
Omori Medical Center. All procedures performed in this study were in accordance with the ethical standards of
the institution and with the 1964 Helsinki Declaration and its later amendments.

Results

Study population. During the seven-month study period, there were 535 deliveries, and the inclusion cri-
teria were met in 329 deliveries. Of these, 325 were full-term singleton vaginal deliveries without fetal abnormal-
ities. The number of patients continuously monitored with CTG for 10, 30, and 60 min immediately before deliv-
ery was 321/325 (98.8%), 257/325 (79.1%), and 149/325 (45.9%), respectively. Patients without accurate CTG
findings or those with failure of umbilical cord arterial blood sampling immediately after birth were excluded,
leaving 145 patients in the final analysis (Fig. 2). The baseline characteristics of the included patients were shown
in Table 1. Of these, 16 (11.0%) had an umbilical artery blood pH<7.2, three (2.1%) had a pH<7.1, and two
(1.4%) had a pH<7.0.
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Characteristics (n=145) Values
Maternal age, years 33.2+5.44
Parity, % (n)

0 62.1 (90)

1 26.9 (39)
2 6.9 (10)
>3 4.1(6)
Gestational week, weeks 39.5+1.08
Vacuum delivery, % (n) 23.4 (34)
Male sex, % (n) 59.3 (86)
Birthweight (g) 3056 +367
Apgar score

1 min 8 (8-8)

5 min 9(9-9)
Umbilical artery blood acid-base analysis
pH 7.29+0.09
PCO, (mmHg) 47.2+10.7
PO, (mmHg) 219=+16.1
HCO;- (mmol/L) 22.3+8.51
BE (mEq/L) —2.50£3.09
Lactate (mmol/L) 4.82+1.82

Table 1. Baseline characteristics of the study participants. Data were expressed as mean + standard deviation,
median (25-75%) or n (%). BE base excess, HCO;- bicarbonate, PO, partial pressure of oxygen, PCO, partial
pressure of carbon dioxide.

Comparison of the predictive capacities of the iPREFACE scores for fetal acidemia. The AUCs
of the ROC curves were 0.69 (95% confidence interval [CI] 0.55-0.84), 0.85 (95% CI 0.74-0.96), and 0.79 (95%
CI 0.66-0.92) for iPREFACE(10), iPREFACE(30), and iPREFACE(60), respectively. The AUC of iPREFACE(30)
was significantly higher than that of iPREFACE(10) (p=0.006). There were no significant differences in the
AUCs between iPREFACE(10) and iPREFACE(60) (p=0.200) or iPREFACE(30) and iPREFACE(60) (p =0.266)
(Fig. 3). The cutoff scores were 19 (sensitivity, 0.69; specificity, 0.70; positive predictive value [PPV], 0.69; nega-
tive predictive value [NPV], 0.69); 36 (sensitivity, 0.94; specificity, 0.62; PPV, 0.71; NPV, 0.91); and 75 (sensitivity,
0.63; specificity, 0.91; PPV, 0.87; NPV, 0.71) for iPREFACE(10), iPREFACE(30), and iPREFACE(60), respectively.

Correlations between the iPREFACE scores and umbilical artery blood pH, BE, and lactate lev-
els. There were significant negative correlations between iPREFACE(10), iPREFACE(30), and iPREFACE(60)
scores with umbilical artery blood pH (correlation coefficients, — 0.39, — 0.55, — 0.50, respectively) and umbilical
artery blood BE (correlation coefficients, — 0.38, — 0.55, — 0.48, respectively) levels. However, significant positive
correlations between iPREFACE(10), iPREFACE(30), and iPREFACE(60) scores with umbilical artery blood
lactate level (correlation coeflicients, 0.31, 0.49, 0.47, respectively) were observed (Fig. 4).

Discussion

This study demonstrated that the iPREFACE(30) had the highest predictive capacity for fetal acidemia, suggesting
its usefulness in clinical practice. Additionally, the iPREFACE(10), iPREFACE(30), and iPREFACE(60) scores
correlated significantly with the pH, BE, and lactate levels in the umbilical cord arterial blood, suggesting that
hypoxia caused by repeated decelerations during labor and delivery may lead to fetal acidemia and accumulation
of lactate from anaerobic metabolism.

The observed difference between the iPREFACE(10) and iPREFACE(30) suggested that a short evaluation time
is insufficient to predict fetal acidemia. Although there was no significant difference between iPREFACE(30) and
iPREFACE(60), the 30-min assessment is generally preferable in clinical practice to reduce maternal discomfort.

In an analysis of prenatal CTGs of 35 infants with HIE, the median time from the development of pathological
CTGs to delivery was 145 min®. This time-lapse may increase the risk of fetal HIE during the 60-min scoring
assessment, which further supports the usage of the 30-min scoring time to determine the timing of delivery
before the fetus develops HIE.

We hypothesized that prolonged assessment would not enhance the ability to predict fetal acidemia because
there was no significant difference between iPREFACE(30) and iPREFACE(60). We speculated that recovery
of fetal damage during the less frequent deceleration periods might account for the similarity between these
two iPREFACE scores. Fetal acidemia caused by umbilical cord occlusion reportedly normalized to pH >7.25
between 20 and 30 min after resolution®.. If the frequency of umbilical cord occlusion exceeds the recovery of
fetal damage, comprehensive damage will occur. However, if umbilical cord compression becomes less frequent
and the recovery exceeds it, the umbilical artery pH is expected to normalize. In a study of fetal sheep, 1 min of
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Figure 3. Comparisons of the ROC curves for umbilical artery blood pH <7.2. (a) iPREFACE(10), (b)
iPREFACE(30), (c) iPREFACE(60).

complete umbilical cord occlusions every 2.5 min for 4 h resulted in severe metabolic acidemia, whereas occlu-
sion every 5 min for 4 h resulted in mild metabolic acidemia'. Therefore, when assessing the integration of fetal
damage due to decelerations over an extended duration, fetal damage recovery occurring within that period may
reduce the ability to predict fetal acidemia.

The correlations between iPREFACE(10), iPREFACE(30), and iPREFACE(60) and the pH, BE, and lactate
levels in umbilical artery blood were consistent with those in a separate study of fetal sheep, which reported
a significant decrease in fetal arterial pH as a result of decelerations caused by repeated umbilical cord occlu-
sion and accumulation of lactic acid in the brain and throughout the body, due to anaerobic metabolism?. The
primary cause of fetal acidemia is hypoxia due to decreased uteroplacental circulation. Historically, only late
decelerations were believed to cause fetal hypoxia; however, all decelerations at every stage have been observed
to cause hypoxia'%. Since iPREFACE(10), iPREFACE(30), and iPREFACE(60) showed significant correlations
with the pH, BE, and lactate levels in umbilical cord arterial blood in the human fetus in this study, repeated
decelerations are believed to cause fetal acidemia due to hypoxia and lactate accumulation due to anaerobic
metabolism. Furthermore, increased damage to the fetus from repeated umbilical cord occlusions increases the
likelihood of progression from respiratory to metabolic acidemia.

One limitation of our study is that there were only two cases with an umbilical artery blood pH <7.0, the
threshold for clinically significant acidemia®***. Furthermore, only one case met Low’s definition of hypoxia
associated with brain injury, with an umbilical artery blood pH < 7.0 and BE < — 12 mmol/L at delivery*>?°. This
observation might be potentially attributed to the nature of the study population, which comprised only full-term
singleton vaginal deliveries without fetal abnormalities. While 75% of the neonates with neurological adverse
events reportedly had umbilical artery blood pH <7.1%, we selected pH < 7.2 as the cutoff value to detect early-
stage fetal asphyxia in consideration of performing expedite delivery based on the iPREFACE score. When the
iPREFACE score predicted an umbilical artery blood pH of <7.1 or < 7.0, the risk of neonatal asphyxia was greater,
considering the time required for expedite delivery. The ability of the iPREFACE score to predict umbilical artery
blood acidemia at pH < 7.2 was less than that at pH < 7.1 or pH < 7.0'S; this might result in overtreatment. How-
ever, we believe that fetal safety should be considered. Additional research is required to study multiple cases of
emergency cesarean sections, including those with an umbilical artery blood pH < 7.1. Another limitation of our
study is related to its retrospective nature. Selection bias was unavoidable because only cases, in which the first
30 min of the iPREFACE(60) score were considered clinically acceptable, were included in the study.

In conclusion, the predictive capacity of the iPREFACE score for fetal acidemia was highest in the group with
a CTG scoring time of 30 min immediately before delivery. This finding suggested that using the iPREFACE
score with this assessment duration could predict umbilical artery blood pH and might be applicable in clinical
practice as a criterion to expedite delivery and an urgency indicator for emergency cesarean section.
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Figure 4. Linear regression analyses between iPREFACE scores and umbilical artery blood pH, BE, and lactate
levels. (a) iPREFACE(10), (b) iPREFACE(30), (c) iPREFACE(60). BE, base excess.

Data availability
All data generated or analyzed during this study were included in this published article and its supplementary
information files.

Received: 29 March 2022; Accepted: 25 July 2022
Published online: 29 July 2022

References

1.

2.

Hon, E. H. The electronic evaluation of the fetal heart rate. Preliminary report. 1958: Preliminary report. Am. J. Obstet. Gynecol.
175, 747-748 (1996).

Haverkamp, A. D. et al. A controlled trial of the differential effects of intrapartum fetal monitoring. Am. J. Obstet. Gynecol. 134,
399-412 (1979).

. Alfirevic, Z., Devane, D., Gyte, G. M. & Cuthbert, A. Continuous cardiotocography (CTG) as a form of electronic fetal monitoring

(EFM) for fetal assessment during labour. Cochrane Database Syst. Rev. 2, CD006066 (2017).

. Bobrow, C. S. & Soothill, P. W. Causes and consequences of fetal acidosis. Arch. Dis. Child. Fetal Neonatal Ed. 80, F246-F249 (1999).
. Nelson, K. B. & Blair, E. Prenatal factors in singletons with cerebral palsy born at or near term. N. Engl. J. Med. 373, 946-953 (2015).
. Paul, W. M., Quilligan, E. J. & Maclachlan, T. Cardiovascular phenomenon associated with fetal head compression. Am. J. Obstet.

Gynecol. 90, 824-826 (1964).

. Murata, Y. et al. Fetal heart rate accelerations and late decelerations during the course of intrauterine death in chronically catheter-

ized rhesus monkeys. Am. J. Obstet. Gynecol. 144, 218-223 (1982).

. Mueller-Heubach, E. & Battelli, A. F. Variable heart rate decelerations and transcutaneous PO, during umbilical cord occlusion

in fetal monkeys. Am. J. Obstet. Gynecol. 144, 796-802 (1982).

Scientific Reports |

(2022) 12:13064 | https://doi.org/10.1038/s41598-022-17364-z nature portfolio



www.nature.com/scientificreports/

9. Gunn, A. J. et al. Delayed hypotension and subendocardial injury after repeated umbilical cord occlusion in near-term fetal lambs.

Am. ]. Obstet. Gynecol. 183, 1564-1572 (2000).

10. Nelson, K. B., Dambrosia, J. M., Ting, T. Y. & Grether, J. K. Uncertain value of electronic fetal monitoring in predicting cerebral
palsy. N. Engl. J. Med. 334, 613-618 (1996).

11. Vintzileos, A. M. & Smulian, J. C. Decelerations, tachycardia, and decreased variability: Have we overlooked the significance of
longitudinal fetal heart rate changes for detecting intrapartum fetal hypoxia?. Am. J. Obstet. Gynecol. 215, 261-264 (2016).

12. Cahill, A. G., Tuuli, M. G., Stout, M. J., Lopez, ]. D. & Macones, G. A. A prospective cohort study of fetal heart rate monitoring:
Deceleration area is predictive of fetal acidemia. Am. J. Obstet. Gynecol. 218(523), e1-523.e12. (2018).

13. Marti Gamboa, S., Lapresta Moros, M., Pascual Mancho, J., Lapresta Moros, C. & Castdn Mateo, S. Deceleration area and fetal
acidemia. J. Matern. Fetal Neonatal Med. 30, 2578-2584 (2017).

14. Georgieva, A. et al. Deceleration area and capacity during labour-like umbilical cord occlusions identify evolving hypotension: A
controlled study in fetal sheep. BJOG 128, 1433-1442 (2021).

15. Cahill, A. G, Roehl, K. A., Odibo, A. O. & Macones, G. A. Association and prediction of neonatal acidemia. Am. J. Obstet. Gynecol.
207(206), e1-206.e8 (2012).

16. Ito, A. et al. iPREFACE score: Integrated score index to predict fetal acidemia by intrapartum fetal heart rate monitoring. J. Obstet.
Gynaecol. Res. 47,1305-1311 (2021).

17. Okai, T. et al. Intrapartum management guidelines based on fetal heart rate pattern classification. J. Obstet. Gynaecol. Res. 36,
925-928 (2010).

18. Kilpatrick, S. J. & Laros, R. K. Jr. Characteristics of normal labor. Obstet. Gynecol. 74, 85-87 (1989).

19. Akoglu, H. User’s guide to correlation coefficients. Turk. J. Emerg. Med. 18, 91-93 (2018).

20. Murray, D. M. et al. Fetal heart rate patterns in neonatal hypoxic-ischemic encephalopathy: Relationship with early cerebral activity
and neurodevelopmental outcome. Am. J. Perinatol. 26, 605-612 (2009).

21. Dupuis, H. et al. When should foetal pH measurements be performed after a prolonged deceleration? An experimental study in
a fetal sheep model. Eur. J. Obstet. Gynecol. Reprod. Biol. 226, 54-58 (2018).

22. Richardson, B. S., Carmichael, L., Homan, J., Johnston, L. & Gagnon, R. Fetal cerebral, circulatory, and metabolic responses during
heart rate decelerations with umbilical cord compression. Am. J. Obstet. Gynecol. 175, 929-936 (1996).

23. Gilstrap, L. C. IIL, Leveno, K. J., Burris, J., Williams, M. L. & Little, B. B. Diagnosis of birth asphyxia on the basis of fetal pH, Apgar
score, and newborn cerebral dysfunction. Am. J. Obstet. Gynecol. 161, 825-830 (1989).

24. Goldaber, K. G, Gilstrap, L. C. 3rd., Leveno, K. J., Dax, J. S. & McIntire, D. D. Pathologic fetal acidemia. Obstet. Gynecol. 78,
1103-1107 (1991).

25. Low, J. A., Panagiotopoulos, C. & Derrick, E. J. Newborn complications after intrapartum asphyxia with metabolic acidosis in the
term fetus. Am. J. Obstet. Gynecol. 170, 1081-1087 (1994).

26. Low, J. A., Lindsay, B. G. & Derrick, E. J. Threshold of metabolic acidosis associated with newborn complications. Am. J. Obstet.
Gynecol. 177, 1391-1394 (1997).

27. Yeh, P,, Emary, K. & Impey, L. The relationship between umbilical cord arterial pH and serious adverse neonatal outcome: Analysis
of 51,519 consecutive validated samples. BJOG 119, 824-831 (2012).

Acknowledgements
The authors would like to thank the staff of the Department of Obstetrics and Gynecology, Toho University
Omori Medical Center.

Author contributions

A.L: Writing—Original draft preparation, Conceptualization, Formal analysis, Investigation, Data Curation,
Visualization. E.H.: Writing—Review and editing, Project administration. S.N., HK,, M.S,, ].S., M.T,, A.O., and
T.M.: Writing—Writing—Review and Editing. M.N.: Methodology, Writing—Review and editing, Supervision.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-17364-z.

Correspondence and requests for materials should be addressed to M.N.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:13064 | https://doi.org/10.1038/s41598-022-17364-z nature portfolio


https://doi.org/10.1038/s41598-022-17364-z
https://doi.org/10.1038/s41598-022-17364-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Optimal duration of cardiotocography assessment using the iPREFACE score to predict fetal acidemia
	Materials and methods
	Study design. 
	iPREFACE score. 
	Five-tier classification. 
	Outcomes. 
	Statistical analyses. 
	Ethical considerations. 

	Results
	Study population. 
	Comparison of the predictive capacities of the iPREFACE scores for fetal acidemia. 
	Correlations between the iPREFACE scores and umbilical artery blood pH, BE, and lactate levels. 

	Discussion
	References
	Acknowledgements


