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Abstract

Introduction: Intrapartum cardiotocography (CTG) was
used for several decades to detect a stressed fetus so that
delivery can be expedited to prevent birth asphyxia. The
main aim of the study was to calculate the risk of neonatal
acidemia (pH < 7.10) according to duration of the 2nd stage
of labor and occurrence of the International Federation of
Gynecology and Obstetrics (FIGO) 2015 CTG classification
parameters. Materials and Methods: This was a retrospec-
tive case-control study on 552 pregnancies receiving con-
tinuous CTG monitoring in labor and immediate hemogas-
analysis at birth. Cases with umbilical artery (UA) pH < 7.10
and controls with UA pH = 7.10 were matched for parity and
gestational age at delivery, with ratio 1:5. Logistic regression
analysis, adjusted for the expected risk in the general popu-
lation, was used to calculate the baseline risk of UApH <7.10

in the absence of any CTG pathological feature and those
associated with pathological CTG patterns occurring in the
2nd stage according to FIGO 2015. Results: Seventy-three
casesand 387 controls reached 2nd stage and were included
in the analysis. For those reaching 2nd stage, the mean ad-
justed risk of acidemia associated with nonpathological CTG
was 1.6%. Stratification of risk according to duration of the
2nd stage yielded risks of neonatal acidemia of 1.23, 2.08,
5.81, and 15.22% at 30, 60, 120, and 180 min, respectively.
Bradycardia >10 min was associated with risk of neonatal ac-
idemia of 9.9 and 15.8% for 2nd-stage durations of 30 and 60
min, respectively. Risks associated with 1 prolonged decel-
eration >5 min were 6.80, 11.08, 27.0, and 51.0% at 30, 60,
120, and 180 min, respectively. Repetitive late or prolonged
decelerations >30 min were associated with risk of neonatal
acidemia of 2.43, 4.14, 11.17, and 26.45% at 30, 60, 120, and
180 min, respectively. Conclusion: The risk of neonatal aci-
demia is directly proportional to duration of the 2nd stage,
irrespective of the presence of CTG abnormalities, increasing
12-fold (1.2-15.3%) from 30 to 180 min. Occurrence of FIGO
2015 pathological CTG patterns showed a decreasing im-
pact from bradycardia >10 min to decelerations >5 min, re-
current later or prolonged decelerations >30 min, and non-

pathological CTG. ©2021 S. Karger AG, Basel
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Introduction

Background

Intrapartum cardiotocography (CTG) is the most
common tool used in obstetrics to assess fetal well-being
during labor and identify fetuses with developing hypox-
ia so that timely intervention can be undertaken in order
to reduce the likelihood of neonatal encephalopathy [1-
3]. The impact of intrapartum electronic fetal monitoring
on neonatal outcomes continues to be controversial [1].
Despite the lack of solid evidences showing benefits of
continuous or intermittent CT'G monitoring (particular-
ly in low-risk pregnancies), this approach became fre-
quently the standard of care determining higher rates of
caesarean sections and operative deliveries without sig-
nificative reduction in cerebral palsy and infant morbid-
ity [4-6].

A major limitation of CTG analysis is the lack of a reli-
able and patient-specific risk quantification since, at the
present, only 3 basic levels have been reported (i.e., nor-
mal, suspicious, or pathological) [7]. This limitation is
due to lack of adjustment of CTG traces’ interpretation
for intrapartum risk factors such as duration of labor and
occurrence and duration of CTG abnormalities. Addi-
tional limitations reported with clinical use of CTG are
related to the poor interobserver agreement in tracing in-
terpretation, as well as to low positive predictive value for
fetal acidosis (sensitivity 75-95% and specificity 65-85%),
strengthening the concept that research is urgently need-
ed on the topic of prediction of birth asphyxia [4, 5, 8].

In the last 40 years, the International Federation of Gy-
necology and Obstetrics (FIGO), the American College of
Obstetricians and Gynecologists (ACOG), and the Unit-
ed Kingdom National Institute for Health and Care Ex-
cellence (NICE) published several guidelines that focused
on identifying fetal heart rate (FHR) tracings indicative of
severe metabolic acidosis leading to brain injury 7,9, 10].
It was shown that FIGO methodology presented higher
sensitivity, but lower specificity, for the detection of neo-
natal acidemia, as compared to that proposed by ACOG
or NICE [11]. However, no attempt was noted to quan-
tify the risk of neonatal acidemia associated with each
pathological feature and it is also unknown how quickly
fetal oxygenation deteriorates in presence of a pathologi-
cal CTG pattern.

Objectives

The primary aim of this study was to calculate the risk
of neonatal acidemia (pH < 7.10) according to duration
of the 2nd stage of labor and occurrence of the FIGO 2015
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CTG classification parameters [7]. The secondary aim of
this study was to assess correlation between duration of
CTG abnormalities and neonatal umbilical artery (UA)
pH reduction.

Materials and Methods

Study Design and Setting

This was a retrospective study assessing the risk of acidemia at
birth (pH < 7.10), carried out on women who delivered at the Di-
vision of Prenatal Medicine, Department of Medical Science
(DIMEC), University of Bologna, and Department of Obstetrics,
San Raffaele Hospital, Vita-Salute University (Milan), between
January 2019 and October 2019. The study was approved by the
Local Ethics Committee of the Sant’Orsola Hospital and conduct-
ed in accordance with the ethical standards for human research
established by the Declaration of Helsinki. The Ethics Committee
also waived the authors from obtaining an informed consent be-
cause of the retrospective and anonymous data collection. The
Ethics Committee code is DePreCar 805/2019. The study was pre-
sented according to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement guidelines
for reporting observational studies [12].

Participants

Ninety-two nonconsecutive pregnant women with a neonatal
pH of <7.10 (cases) as well as a group of 460 controls with a neo-
natal pH of >7.10 (ratio 1:5) were enrolled. In order to minimize
selection bias, all consecutive cases fulfilling our criterion of neo-
natal acidemia in the study period were recruited. Retrospective
selection of controls was carried out within the same day of each
case with neonatal acidemia. Cases and controls were matched for
gestational age (GA) at delivery and parity. Matching of randomly
selected controls was achieved with inclusion of the first nonaci-
demic birth (pH > 7.10), with concordant GA at delivery (<2 days
difference) and identical parity, following each case.

Inclusion criteria were singleton pregnancies at 38 + 0 to 41 + 3
gestational weeks and presence of determined quality requirements
of CTG tracings including description of all CTG pathological fea-
tures of FIGO 2015, which are described below. Exclusion criteria
were nonvertex presentation, trial of labor after cesarean delivery,
high-risk pregnancy (multiple gestation, pre-eclampsia, gestational
hypertension, gestational diabetes mellitus, and intrauterine
growth restriction), known fetal anomalies, intrauterine fetal de-
mise, relevant placental abnormalities (including placenta previa or
suspicion of morbidly adherence), significant maternal pathologi-
cal conditions (including pregestational diabetes mellitus, ne-
phropathy, chronic hypertension, and cardiac diseases), cesarean
delivery for failure of induction or pathologic CTG at the first stage
of labor, and prolonged 2nd stage of labor (see below). Fulfillment
of inclusion criteria determined consideration for statistical analy-
sis purpose, whereas presence of any of the exclusion criteria deter-
mined elimination from final analysis (Fig. 1, STROBE flowchart).

Variables

All patients recruited in the study received continuous CTG
monitoring in labor and immediate funicular hemogasanalysis at
birth. The 2nd stage of labor starting point was defined at 10 cm of
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Fig. 1. STROBE flowchart of study recruit-

387 controls

ment. CTG, cardiotocography.

cervical dilatation or when the urge to bear down was present [13].
We defined neonatal acidemia when the UA pH was <7.10 (out-
come of the study). We defined prolonged 2nd stage of labor (fail-
ure to progress) as follows: in nulliparous, no progression after
3 h with regional anesthesia or 2 h without; in multiparous, no
progression after 2 h with regional anesthesia or 1 h without [14,
15]. Failure of induction of labor was defined when active phase
was not reached after 15 h of oxytocin started and rupture of mem-
branes occurred [16]. The CTG traces were stored electronically
for offline analysis at 1-cm/min paper speed. Since this was a ret-
rospective study, information about the outcome (metabolic aci-
demia) was not blinded; however, no other clinical information
was revealed.

Data Sources and CTG Assessment

Immediately after clamping the umbilical cord, funicular blood
was aspirated from the UA with a 2-mL syringe. Blood gas analysis
was performed within 5 min from birth, using an automated blood
gas analyzer located inside the labor ward (Bayer RAPIDLAB 865;
Diamond Diagnostics, Holliston, MA, USA). Measurement of UA
pH was recorded into a dedicated database including all patients’
characteristics, duration of the 2nd stage of labor, and presence/
duration of CTG pathological features according to FIGO 2015.

CTG was performed with fetal monitors (Avalon FM30; Philips
Healthcare, Netherlands) equipped with ultrasound transducers
applied on the abdominal surface or scalp transducers applied on
the fetal presenting part, when external monitoring resulted inad-
equate due to signal loss. Simultaneous maternal heart rate was
recorded in all cases in order to exclude wrong signal sampling.

The CTG traces and relative FHR patterns were assessed and
classified post hoc in consensus by 2 experienced physicians
(A.D.G. and R.N.) according to the FIGO 2015 CTG classification
criteria published in the consensus guidelines [7]. In case of dis-
agreement in the CTG interpretation, a different senior expert
(P.C. and A.F.) settled. CTG pathological features of FIGO 2015
included were as follows: bradycardia (BD) >10 min, abnormal
variability, sinusoidal pattern, repetitive late or prolonged decel-
erations >30 or >20 min if reduced variability (repetitive late or
prolonged deceleration [RLPD]), and single prolonged decelera-
tion >5 min with FHR maintained at <80 beats per min (bpm) and

FIGO 2015 Abnormal CTG Features and
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reduced variability within the deceleration (prolonged decelera-
tion [PD] >5 minutes; FHR maintained at <80 bpm and reduced
variability within the deceleration). Normal variability was diag-
nosed in presence of a bandwidth amplitude of 5-25 bpm. Re-
duced variability was defined as a bandwidth amplitude below 5
bpm for >50 min in baseline segments or for >3 min during decel-
erations and increased variability with bandwidth value exceeding
25 bpm lasting >30 min. Sinusoidal pattern was defined as smooth,
undulating signal, resembling a sine wave, with an amplitude of
5-15 bpm and frequency of 3-5 cycles per min, lasting >30 min
with absent accelerations. BD was defined when the FHR was be-
low 100 bpm for a duration of >10 min. RLPD was defined when
duration exceeded 30 min, or 20 min when associated with re-
duced short-term variability (<5 bpm). Decelerations were defined
repetitive when associated with >50% of uterine contractions [7].

Bias

Risk of bias was assessed and minimized with random selection
of study participants, within the defined matching protocol (GA
and parity), homogeneous use of analytic procedures to assess neo-
natal hemogasanalysis, and standardization of reading of CTG
traces according to FIGO criteria, published in 2015. Differences
in the nature of patient’s characteristics were deeply taken into
consideration to minimize risk of bias due to the effect of signifi-
cant confounders, mediators, or moderators. However, some ran-
dom effect due to patient-specific characteristic could not be inter-
cepted by our selection.

Statistical Methods
Descriptive analysis was performed by routine tests including

Student’s ¢ test, Mann-Whitney U test, and Z test for comparison

of 2 different proportions. K-Cohen statistics was used to evaluate

the agreement between 2 raters located in each of the 2 centers in
which the study took place.

The risk of pH < 7.10 at delivery has been calculated with the
following strategies:

1. The risk of pH < 7.10 of our population has been adjusted fol-
lowing the method reported by Collett [17] that calculates the
“adjustment fraction” using risk that was reported in the med-
ical literature [18].
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Table 1. Epidemiological and clinical characteristics of the study population according to the study group

Variable Ist stage (n = 552) Ist and 2nd stage (n = 460)

pH>7.1(460) pH<7.1(92) pvalue* pH>7.1(387) pH<7.1(73)  pvalue*

Maternal age, years 33.3(5.13) 33.5(6.01) 0.807 33.2(5.17) 32.8 (5.85) 0.598
Maternal BMI prepregnancy 22.48 (3.78) 23.79 (4.72) 0.004 22.46 (3.72) 23.78 (4.68) 0.014
Maternal BMI at delivery 26.8 (3.85) 28.2 (5.53) 0.004 26.73 (3.79) 28.02 (5.52) 0.004
Gestational age at delivery, weeks + days 39+6 (1+1) 39+6 (1+1)  0.960 39+6 (1+1) 39+6 (1+1) 0.655
Parity, n (%)
Nulliparous 296 (64.3) 66 (71.7) 0.174 230 (59.4) 52 (71.2) 0.057
Primiparous 142 (30.9) 23 (25.0) 0.263 135 (34.9) 19 (26.0) 0.142
Multiparous 22 (4.8) 3(3.3) 0.522 22 (5.7) 2(2.8) 0.298
Racial origin, n (%)
Caucasian 412 (89.5) 79 (85.9) 0.303 345 (89.2) 62 (84.9) 0.303
Afro-Caribbean 15(3.3) 1(1.1) 0.258 11 (2.8) 1(1.4) 0.472
South-East Asian 33(7.2) 12 (13.0) 0.060 31(8.0) 10 (13.7) 0.119
Labor induction 179 (38.9) 39 (42.4)  <0.001 143 (37.0) 28 (38.4) 0.818
Oxytocin augmentation 202 (43.9) 35 (38.0) <0.001 159 (41.1) 33 (45.2) 0.516
Epidural analgesia 109 (47.0) 7 (70.0) <0.001 93 (45.8) 5(62.5) 0.001
APGAR 1 9(0.7) 7(2.2) <0.001 9(0.6) 8(1.9) <0.001
APGAR 5 10 (0.4) 9(1.0)  <0.001 10 (0.3) 9(0.8) <0.001
Neonatal weight, g 3,320 (423) 3,349 (448)  0.569 3,343 (424) 3,362 (474) 0.753

* Student’s ¢ test or Mann-Whitney U test or test for comparison of 2 proportions was used. Continuous data are expressed as mean
(SD) and categorical data as frequency (percentage).

Table 2. Abnormal CTG patterns observed in women that did not sumptions, the mean risk of neonatal UA pH < 7.10 calculated
experience the 2nd stage of labor (N = 92) from the logistic regression must amount to that taken from the
literature.
Cases,  Bradycardia Variability Repetitive* One prolonged 3. Calculation of the baseline risk: in order to obtain the risk of
n >25b/min late or prolonged  deceleration pH <7.10 in absence of any CTG features suggestive of a path-
decelerations >5 min ological CTG according to FIGO 2015, each CTG feature was
dichotomized and added to the regression model. Baseline risk
24 No No No No (Bagj + Bo) was that obtained when all the features were absent.
35 No No Yes No 4. Multivariable estimation of the risk of pH < 7.10 generated
12 No No No Yes adding to the duration of the 2nd stage of labor and the pres-
8 Yes No No No ence of each available feature of pathological CTG according to
10 No No Yes Yes FIGO 2015 classification.
2 Yes No No Yes 5. Finally, a simple linear regression was used to estimate the rate
1 Yes Yes No No of pH reduction as a function of the duration of the FIGO 2015
9 1 1 45 24 pathological features.

CTG, cardiotocography. * Decelerations
associated with >50% contractions.

are repetitive when
Results

Figure 1 shows the STROBE flowchart of study re-
cruitment. Table 1 reports the demographic and clinical

2. Calibration of the logistic equation having the 2nd stage ofla-  characteristics available for the whole series of data and

bor as independent variable: the adjustment fraction (B.q) after
natural log conversion was added to the constant (fy) of the
univariable logistic model obtained from our results. pH values
(dependent variable) were dichotomized in <7.10 and >7.10
and stratified according to the duration of 2nd stage of labor
which constitutes the independent variable. Given these as-
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for those who experienced the 2nd stage. As shown, the
variables that were statistically different between cases
and controls in the whole series of data remained differ-
ent in the population that experienced only the 1st stage
or both 1st and 2nd stages of labor.
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Table 3. Number and cumulative duration of pathological features per patient

FIGO 2015 variable Cumulative Cumulative Episodes of Episodes of Patients with Patients with
duration duration Ist stage, n  2nd stage, n features at features at
of features at of features at Ist stage, n  2nd stage, n
Ist stage, min 2nd stage, min
Bradycardia >10 min - 13 (10-25) - 1 - 18
RLPD* 81 (31-253) 50 (32-86) 1 1 44 22
2 33 6
3 - 13 _
4 - 4 -
5 - 1 -
One deceleration >5 min - 6 (5-20) - 1 - 35
- 2 - 1
- 3 - 1
- 4 - 1

Cumulative duration per patient (min): number of episodes of each feature stratified for number of patients
occurring in the 1st and 2nd stages of labor. Data are expressed as median (min-max). Each feature is analyzed
with dichotomization (present/absent). FIGO, International Federation of Gynecology and Obstetrics; RLPD,
repetitive late or prolonged deceleration. * RLPD: repetitive (when associated with >50% contractions), prolonged,

or late decelerations >30 min.

Main Results

Interobserver agreement (A.D.G. working in Bologna
and R.N. working in Milan) is reported in online suppl.
Table 1; for all online suppl. material, see http://www.
karger.com/doi/10.1159/000512658. As expected, the
lower percentage of agreement was found for RLPD. PD
was associated with the higher degree of agreement.

The quoted sensitivity and specificity according with
FIGO 2105 were 72.8 and 61.5%, respectively. It must be
noted that given the statistical design, we did not expect
any modification of the sensitivity and specificity using
such multivariable approach since we did not introduce
any extra and/or new variable. Ninety-two out of 552 cas-
es did not experience the 2nd stage of labor and had ce-
sarean sections during the 1st stage of labor: 68 (74%) due
to pathological CTG features and 24 (26%) due to failure
of induction (Table 2). Out of this subgroup, we observed
15 cases (16.3%) of pH < 7.10 at delivery.

Seventy-three cases and 387 controls reached the 2nd
stage of labor and were included to the analysis (460 preg-
nancies; ratio 1:5.3; quite similar to the original match
1:5). The rate of delivery in the overall group of 387 pa-
tients was calculated at fixed time points of <60, <120,
and <180 min according with mode of delivery. For spon-
taneous delivery, the rates were 82, 95, and 100%. For
vacuum delivery, the rates were 67, 93, and 100%. For
cesarean section, the rates were 36, 43, and 100%. The

FIGO 2015 Abnormal CTG Features and
Risk of Neonatal Acidemia

rates of cesarean section and vacuum delivery were 5.5
versus 1.8% and 19.2 versus 18.3% in 73 cases and 387
controls, respectively.

Table 3 reports the number and cumulative duration
of pathological features per patient occurring in the 460
cases who experienced the 2nd stage of labor in their 1st
and 2nd stages of labor. As shown, during the 1st stage of
labor, only RLPD was present with a mean cumulative
duration per patient of 81 (31-253) min and up to 5 times
per patient, but it was decided to go on with the labor.

RLPD in the 2nd stage occurred up to 2 times per pa-
tient and for an average cumulative duration per patient
of 50 (32-86) min. BP and PD occurred, as expected, only
in the 2nd stage of labor with a mean cumulative duration
per patient of 13 (10-25) and 6 (5-20) min.

Assuming a risk of 3.4% of pH < 7.10 (irrespective of
the CTG and the duration of labor), for those patients
reaching the 2nd stage of labor, the mean adjusted risk of
acidemia associated with a nonpathological CTG (weight-
ed for number of cases) was 1.6%. Using duration of the
2nd stage of labor as an extra risk factor, we observed a
risk of pH < 7.10 of 1.23, 2.08, 5.81, and 15.22% at 30, 60,
120, and 180 min, respectively (Table 4; Fig. 2).

The addition of the FIGO CTG pathological features
to the statistical model yielded significant association
with a pH of <7.10 for BD, PD, and RLPD. In fact, as
shown in Table 4, BD was associated with risk of neonatal

Fetal Diagn Ther 2021;48:149-157
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Table 4. Risk of neonatal acidemia and latency from onset of CTG pathological features to birth

Mean risk (SEM) of neonatal acidemia, %

Time interval, from onset of the CTG feature to birth, min

2nd-stage duration, min 30 60 120
FIGO 2015 classification
Baseline (nonpathological CTG) 1.23 (0.04) 2.08 (0.13) 5.81 (0.09)
Pathological features
Bradycardia >10 min 9.90 (0.12) 15.80(0.13) -
RLPD* 2.43(0.01) 4.14(0.03) 11.17(1.39)
One deceleration >5 min 6.80 (0.10) 11.08 (0.43)  27.00 (2.21)

180 <30 <60 <120 <180
15.22 (0.36) - - _ _
- 11.5(10-21) 15 (12-55) - -
26.45 (0.99) 30 (17-30) 51 (30-70) 77 (30-120) 86 (42-150)
51.00 (5.13) 15(6-30) 53 (12-60) 49 (10-120) 135 (5-172)

Risk (%) of neonatal acidemia (pH < 7.10) according to duration of the 2nd stage of labor and time interval from onset of the FIGO 2015 CTG pathological
features to birth according to 2nd-stage duration (n = 460). Data are expressed as mean (min-max). CTG, cardiotocography; SEM, standard error of mean;
FIGO, International Federation of Gynecology and Obstetrics; RLPD, repetitive late or prolonged deceleration. * RLPD: repetitive (when associated with

>50% contractions), prolonged, or late decelerations >30 min.

acidemia of 9.9 and 15.8% for 2nd-stage durations of 30
and 60 min, respectively (mean time [min] from BD onset
to delivery: 16; range 10-55). No cases of BD occurred in
patients with a 2nd stage of >60 min. RLPD was associ-
ated with risk of neonatal acidemia of 2.43, 4.14, 11.17,
and 26.45% at 30, 60, 120, and 180 min, respectively
(mean time [min] from RLPD onset to delivery: 61; range
24-139). Risks associated with PD were 6.80, 11.08, 27.0,
and 51.0% at 30, 60, 120, and 180 min, respectively (mean
time [min] from PD onset to delivery: 64; range 5-180).
Figure 2 reports the baseline risk (nonpathological
CTQG) and that of each significant feature stratified ac-
cording to duration of the 2nd stage of labor. Figure 3
proposes a (flowchart of intervention) clinical risk assess-
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ment algorithm aimed at keeping the risk of neonatal pH
<7.10below 3.4%. Weidentified 3 risklevels of pH < 7.10,
based on a probabilistic strategy. The risk was considered
low when inferior than the expected for the general pop-
ulation (3.4%), high when >15% (maximum risk observed
at 180 min for a woman with a nonpathological CTG
trace), and intermediate when ranging between the 2 ex-
tremes (from 3.4 to 15%).

Finally, linear correlations were also found between
both the duration of BD or duration of PD and reduction
of UA pH (p value <0.001 for both). Each additional min-
ute of BD exceeding 10 min and each 2-min PD exceeding
5 min were associated with a pH reduction of 0.1 units.
RLPD duration did not correlate with the pH reduction.

Cavoretto/Seidenari/Amodeo/Della
Gatta/Nale/Ismail/Candiani/Farina



Bradycardia >10 min

Decelerations >5 min

RLPD >30 min

O Low-risk zone (<£3.4%)
H Intermediate-risk zone (>3.4 — 15%)
H High-risk zone (>15%)

-pathological CTG

T T T T T T
10 20 30 40 50 60

T
70

Second stage duration, min

T T T T T

80 90 100 110 120 130 140

150

160 170 180

Fig. 3. Clinical risk assessment algorithm. CTG, cardiotocography; RLPD, repetitive late or prolonged decelera-

tion.

Discussion

Summary of Key Findings

This study highlights some novel findings. First, the
risk of neonatal acidemia is directly proportional to dura-
tion of the 2nd stage of labor in presence of nonpatho-
logical CTG or with occurrence of FIGO pathological
patterns. Second, in the presence of BD, the risk is always
increased above 3.4% and becomes very high (>15%) at
60 min of 2nd-stage duration. Third, in the presence of
PD, the risk is always increased above 3.4% and becomes
very high at 100 min from onset of the 2nd stage. Fourth,
in the presence of RLPD, the risk increases above 3.4% at
50 min and becomes very high at 150 min from onset of
the 2nd stage. Finally, since risk calculation was related to
the duration of 2nd stage of labor, our study emphasizes
the need for a timely diagnosis of beginning of 2nd stage.
In view of these considerations, the present algorithm
leads to individualization of risk at qualitative and quan-
titative assessment of CTG, with potential interest at the
bedside for clinical decision purposes.

FIGO 2015 Abnormal CTG Features and
Risk of Neonatal Acidemia

Interpretation

This is the first paper to our knowledge that evaluates
the FIGO 2015 criteria for CTG assessment from a differ-
ent point of view, based on the risk quantification derived
from both duration of the 2nd stage of labor and from
each of the features observed in each trace. We used as
adjustment factor the risk for the general population
found in the medical literature, but it must be focused that
the adjustment and the relative proper definition of the
high-risk cases may vary with the different populations
and/or with the specific clinical protocols used in differ-
ent countries.

BD with duration >10 min was the most important
prognostic factor and increased the baseline risk of about
9-fold, followed by the presence of PD that was associated
with a risk of about 6-fold and RLPD which was less dan-
gerous for neonatal pH, associated with a risk increase of
about 2-fold. Given the statistical assumption used in the
analysis, the risk increase associated with each CTG path-
ological feature was constant at any time of labor. There-
fore, for a given feature, the same magnitude of risk in-
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crease (or odds ratio) occurred constantly, regardless of
time appearance. However, the absolute risk estimation
was influenced by both CTG feature occurrence and du-
ration of labor, being higher for labors of longer dura-
tions.

We also estimated as secondary outcome the pH re-
duction for each minute of appearance of BP and PD.
However, this result, to be prospectively useful, must
take into account the fetal acid-base status at the time
of appearance of the feature that remains a hard chal-
lenge to be evaluated a priori. Therefore, future studies
on this topic may need to consider fetal scalp blood
analysis when developing algorithms of CTG interpre-
tation.

Strengths and Limitations

The traditional risk assessment from a case-control
study was adjusted for the expected risk of a low pH of
<7.10 in the general population. We also calculated the
pH deterioration for each minute of duration of the fea-
tures associated with a low neonatal pH. We believe that
this methodological approach may lead to future studies
with a high potential of generalization, in order to create
individual patient-specific risks in labor within a preci-
sion medicine approach. A customized risk assessment
could provide clinicians room for improvement of clini-
cal practice with specific and timely monitoring or inter-
ventions.

Several limitations must be reported. (i) The CTG in-
terpretation with intra- and interobserver variation is a
weak point of every paper on this topic, and we acknowl-
edge possible errors. To minimize this component, we
performed an analysis of interobserver variation (online
suppl. Table 1). (ii) We assumed that the presence of
each feature has a constant risk increase in the pH dete-
rioration irrespective of the time of appearance during
the labor. (iii) No proper correction for possible covari-
ates on the low pH occurrence has been performed such
as BMI and epidural analgesia given the relative low
number of cases. However, this limitation does not af-
fect the validity of our model since the study aim was to
assess CTG abnormalities. Moreover, the effect of epi-
dural was shown to be not significant by a previous me-
ta-analysis [19]. (iv) Some important features such as
sinusoidal pattern and variability >25 bpm were not
present in our dataset, therefore precluding any possible
risk estimation of these important features. (v) The time
of intervention is different for a vacuum delivery and a
cesarean delivery, and therefore, the pH is probably a bit
lower in such group given the same CTG feature pattern.

156 Fetal Diagn Ther 2021;48:149-157

DOI: 10.1159/000512658

(vi) Since this is a retrospective study, we acknowledge
that calculated posterior risk of neonatal acidemia could
be overestimated.

Conclusion

In this paper, we put the basis for the quantification of
the risk of neonatal acidemia according to the 2nd stage
of labor duration and FIGO 2015 CTG features. In addi-
tion, we propose an algorithm to be used for defining the
patient-specific risk of acidemia in real clinical settings.
This method potentially provides evidence-based foun-
dations for reproducible decisions in labor ward and
timely interventions.
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