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Abstract

Background: The aim of the study was to evaluate if an admission
cardiotocography (CTG) test presenting with an indeterminate fetal
heart rate tracing (FHR) was predictive of an emergent cesarean de-
livery during labor at or after 41 weeks.

Methods: This was a retrospective cohort study of women who de-
livered > 41 weeks between January 1, 2019 and December 31, 2019.
Admission test was performed during the first 20 min, upon entry into
the department in the event of spontaneous labor, or at the beginning
of induction of labor. Multivariate logistic regression was performed
to evaluate an “indeterminate” FHR during the admission test in the
prediction of emergent cesarean delivery during labor controlling for
potential covariables.

Results: “Normal” and “indetermediate” FHRs were detected in
260/335 (77.6%) and 75/335 (22.3%) of the cases, respectively. There
were significantly more emergent cesarean deliveries during labor for
FHR abnormalities in the “indeterminate” group compared to the “nor-
mal” group (22/38 (57.9%) vs. 24/27 (88.9%), P = 0.02). An “indeter-
minate” FHR increased the risk of emergent cesarean delivery during
labor by 3.47 times (95% confidence interval: 1.8 - 6.5, P <0.01).

Conclusion: An “indeterminate” FHR during the admission test > 41
weeks increased the risk of emergent cesarean delivery during labor.

Keywords: Admission test; Antepartum FHR testing; Obstetrics; Fe-
tal assessment; Prolonged pregnancy

Introduction

In France, prolonged pregnancies (> 41 weeks) represent 15%
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of pregnancies [1]. Several authors have shown a correlation
between prolonged pregnancies and maternal and neonatal
morbidity [2, 3]. Prolonged pregnancy presents an increased
risk of stillbirth, oligoamnios, fetal heart rate (FHR) abnormal-
ities and in utero passage of meconium [2, 3]. Also, the risks
of neonatal acidosis, an Apgar score of less than 7 at 5 min,
admission to the neonatal intensive care unit and neurological
complications gradually increase after 38 weeks [3].

The admission cardiotocography (CTG) test is a record
of the FHR over a period of 20 min, immediately after ad-
mission to the labor ward with the objective to early detect
endangered fetus and reduce materno-fetal morbidity [4]. In-
deed, admission CTG test is a dynamic screening test for the
state of fetal oxygenation by recording fetal heart. Based on
the analysis of uterine contractions, baseline FHR, variability,
presence of accelerations, periodic or episodic decelerations
and the changes in these characteristics over time, the Ameri-
can College of Obstetricians and Gynecologists (ACOG) has
defined three categories of FHR tracings: “normal” (category
1), “indeterminate” (category 2), and “abnormal” (category 3)
[5]. Although an “abnormal” (category 3) FHR (bradycardia
or repeated profound decelerations) requires an emergent ce-
sarean delivery, little is known about the neonatal prognosis
in case of “indeterminate” FHR during admission CTG test in
prolonged pregnancy.

The objective of our study was to evaluate if an admis-
sion CTG test presenting “indeterminate” (category 2) FHR
according to the ACOG classification was predictive of an
emergent cesarean delivery for non-reassuring fetal status dur-
ing labor in prolonged pregnancy (> 41 weeks). The secondary
objective was to compare neonatal outcomes between fetuses
who presented a “normal” admission CTG test and those with
an “indeterminate” admission CTG test.

Materials and Methods

This retrospective cohort study was performed in the Depart-
ment of Obstetrics and Gynecology at the Angers University
Hospital between January 1,2019 and December 31,2019. We
included all women who delivered at or beyond 41 weeks. We
excluded patients for whom data were retrospectively missing,
patients with an “abnormal” (type 3) FHR during admission
CTG test according to ACOG [5], patients who underwent a
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3810 deliveries
between 1/1/2019 and 31/12/2019

385 prolonged pregnancies

—> Data retrospectively missing (n=37)

—> Cesarean deliveries before labor (n=11)

——> Abnormal admission test (n=2)

’ 335 patients included ‘

|

l

l

l 260 normal admission test l

l 75 indeterminate admission test |

‘ 38/260 (14.6%) emergent cesarean ‘

‘ 27/75 (36%) emergent cesarean |

‘ 22/38 (57.9%) for FHR abnormalities ‘

l 24/27 (88.9%) for FHR abnormalities |

Figure 1. Study flow chart.

cesarean delivery before labor at or beyond 41 weeks (breech
presentation or mother choices), high-risk pregnancies and pa-
tients with maternal or fetal diseases. This retrospective study
was approved by the ethics committee of Angers University
Hospital (2019/56), and was conducted in compliance with the
ethical standards of the responsible institution on human sub-
jects as well as with the Helsinki Declaration.

From 41 weeks, clinical examination of the women, FHR
recording and ultrasound evaluation of the amniotic fluid
quantity were performed every 48 h [3]. Induction of labor was
performed based on maternal choice, maternal-fetal abnormal-
ity or in the absence of spontaneous labor at 41 weeks + 4
days. Induction of labor was performed according to standard
obstetrical cares by an artificial rupture of the membranes fol-
lowing with oxytocin perfusion. When cervical ripening was
necessary, it was performed either by mechanical methods
(intra-cervical balloon) or by intra-vaginal prostaglandins [3].

The admission CTG test was performed during the first 20
min of recording of the FHR, upon entry into the department
in the event of spontaneous labor at or beyond 41 weeks; or
during the first 20 min of recording of the FHR on the day of
induction of labor. FHR recordings were retrospectively ana-
lyzed for baseline rate, variability, reactivity, and presence of
deceleration, and classified according to the ACOG classifica-
tion (Supplementary Material 1, www.jcgo.org) into: “normal”
(category 1), “indeterminate” (category 2), and “abnormal”
(category 3) by the same operator blinded to the perinatal out-
comes [5].

All patients were monitored continuously during labor. In
those with FHR abnormalities (appearance of late, significant
variables or prolonged decelerations), cesarecan or operative
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vaginal delivery were performed, depending of the stage of
labor. At birth, neonatal status was evaluated based on clinical
examination, neonatal blood gas and need for hospitalization
in neonatal intensive care unit.

Women with a “normal” (category 1) admission CTG test
were compared to those with an “indeterminate” (category 2)
admission CTG test. The primary outcome was the need for
emergent cesarean delivery. Secondary outcomes included the
presence of neonatal pH < 7.20, neonatal lactates > 5 mmol/L,
Apgar score < 7 at 5 min of life, need for operative vaginal deliv-
ery and need for hospitalization in neonatal intensive care unit.

Statistical analysis was performed using SPSS software
(Statistical Package for the Social Sciences), version 24.0
(IBM Corporation, Armonk, NY, USA). The qualitative vari-
ables were expressed in n (%) and the quantitative variables
in median (minimum - maximum). Chi-squared test or Mann-
Whitney test were used when appropriate. Logistic regression
analysis was performed to determine whether an “indetermi-
nate” (category 2) FHR during admission CTG test was predic-
tive of an emergent cesarean delivery during labor, adjusting
on gestational age, parity, history of scarred uterus, whether or
not an indiction of labor was performed and the indication of
emergent cesarean delivery during labor (abnormality of FHR
or obstructed labor). A P-value less than 0.05 was considered
to be significant.

Results

During the study period, 385/3,810 (10.1%) women delivered
at or beyond 41 weeks. After excluding 37 women with miss-
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Table 1. Characteristics of the Cohort: Comparison Between “Normal” and “Indeterminate” FHR During the Admission Cardiotocog-

raphy Test in Prolonged Pregnancies

Entire cohort Normal FHR (cat- Indeterminate FHR P-val-

(N =335) egory 1) (N =260) (category 2)* (N =75) ue’
Maternal age (years) 30 (16 - 46) 30 (16 - 46) 29 (20 - 45) 0.14
Body mass index (kg/cm?) 28 (18 - 46) 28 (18 - 46) 28 (19 - 44) 1
Parity 1(0-6) 1(0-6) 0(0-4) 0.31
History of scarred uterus (%) 33(9.9) 24(9.2) 9(12) 0.48
Gestational age at delivery (weeks) 41.2(41.0-41.9) 41.2 (41.0-41.9) 41.2(41.0-41.7) 0.18
Labor induction (%) 157 (46.9) 120 (46.2) 37 (49.3) 0.63
Spontaneous rupture of the membranes before onset of labor (%) 58 (17.3) 43 (16.5) 15 (20) 0.48
Oligoamnios (%) 10 (3.0) 6(2.3) 4 (5.3) 0.17

Baby weight (g)

3,510 (2,060 - 4,640) 3,510 (2,060 - 4,640) 3,500 (2,500 - 4,300)  0.44

aAccording to the American College of Obstetrics and Gynecology classification. PComparison between “normal” and “indeterminate” FHR during

admission cardiotocography test. FHR: fetal heart rate.

ing data, 11 women who underwent a pre-labor cesarean deliv-
ery and two women with “abnormal” (category 3) FHR during
the admission CTG test, our study population included 335 pa-
tients: 260/335 (77.6%) presented a “normal” admission CTG
test and 75/335 (22.3%) an “indeterminate” admission CTG
test (Fig. 1).

Demographic and obstetrical characteristics of the women
are presented in Table 1. There was no significant difference
between women with a “normal” and those with an “indeter-
minate” admission CTG test (Table 1). One hundred fifty-sev-
en out of 335 (46.9%) women underwent an induction of labor:
120/260 (46.2%) in the “normal” group and 37/75 (49.3%) in
the “indeterminate” group (P = 0.63).

Sixty-five out of 335 (19.4%) emergent cesarean deliver-
ies were performed during labor: 46/65 (70.7%) for abnormal
FHR and 19/65 (29.3%) for obstructed labor.

There were significantly more emergent cesarean deliv-
eries in the “indeterminate” group (27/75 (36%)) compared
to the “normal” group (38/260 (14.6%), P < 0.01) (Table 2)
and significantly more emergent cesarean deliveries for FHR

abnormalities in the “indeterminate” group (24/27 (88.9%))
compared to the “normal” group (22/38 (57.9%), P = 0.02).

In case of prolonged pregnancy at or beyond 41 weeks, an
“indeterminate” (category 2) admission CTG test increased the
risk of emergent cesarean delivery by 3.47 (95% confidence
interval (CI): 1.8 - 6.5, P < 0.01) adjusted by the gestational
age, parity, history of scarred uterus, whether or not an induc-
tion of labor was performed and the indication for emergent
cesarean delivery (obstructed labor or FHR abnormalities)
(Table 3).

Comparisons of neonatal outcomes between the “normal”
and the “indeterminate” admission CTG test groups are pre-
sented in Table 2. There was no significant difference among
the two groups regarding neonatal outcomes (Table 2).

Discussion

This study demonstrates that an “indeterminate” (category 2)
FHR during the admission CTG test for spontaneous labor or

Table 2. Perinatal Outcomes: Comparison Between “Normal” and “Indeterminate” FHR During the Admission Cardiotocography

Test in Prolonged Pregnancies

Entire cohort Normal FHR (cat- Indeterminate FHR P-valueb

(N =335) egory 1)* (N =260) (category 2)* (N =175)
Cesarean delivery (%) 65 (19.4) 38 (14.6) 27 (36) <0.01
Cesarean delivery for fetal distress (%) 46/65 (76.7) 22/38 (57.9) 24/27 (88.9) 0.02
Operative vaginal delivery (%) 74 (22.1) 55(21.1) 19 (25.3) 0.44
Neonatal pH 7.23 (6.99 - 7.42) 7.23 (7.02 - 7.42) 7.23 (6.99 - 7.41) 0.95
Neonatal lactates (mmol/L) 45(1.5-12) 4.25(1.5-12) 4.25(2.0-9.0) 0.82
Apgar score (5 minutes) 10 (1 - 10) 10 (4 - 10) 10 (1 - 10) 0.21
Apgar score (5 min) <7 (%) 4(1.2) 2(0.7) 2(2.7) 0.17
Hospitalization in neonatal intensive care unit (%) 3(0.9) 2 (0.8) 1(1.3) 0.53

aAccording to the American College of Obstetrics and Gynecology classification. PComparison between “normal category 1” and “indeterminate cat-
egory 2” FHR during the admission cardiotocography test. FHR: fetal heart rate.
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Table 3. Predictors for Emergency Cesarean During Labor in Case With the Observation of a Category 2 Fetal Heat Pattern During

the Admission Test in Prologned Pregnancy

Odds ratio 95% confidence interval P-value
Parity 0.46 0.3-0.7 <0.01
Gestational age at delivery 2.35 0.6 - 8.8 0.20
Labor induction 1.68 0.9-3.1 0.09
Scarred uterus 9.08 3.6-232 <0.01
Category 2 FHR pattern® 3.47 1.8-6.5 <0.01

aAccording to the American College of Obstetrics and Gynecology classification. FHR: fetal heart rate.

induced labor in case of prolonged pregnancies (> 41 weeks)
increased the risk of emergent cesarean delivery during labor
by 3.5 times compared to those with a “normal” (category 1)
pattern according to the ACOG classification [5]. This obser-
vation suggests that routine evaluation of admission CTG test
may have prognostic value, and that this information could po-
tentially help to detect fetuses with high-risk FHR abnormali-
ties during labor in prolonged pregnancies.

The objective of the admission CTG test, first described
by Ingemarsson et al [6], was to reduce materno-fetal morbid-
ity [4]. It can be used as a screening test at the time of admis-
sion in early labor to detect high-risk fetuses at an increased
risk of hypoxia [7] and to select cases who require a continu-
ous electronic fetal monitoring [8]. The admission CTG test
is a simple, fast and easily reproducible test that makes it pos-
sible to assess the oxygenation and distress of a fetus in early
labor. Moreover, admission CTG test assesses the placental
reserve by evaluating the response of the fetal heart during the
phase of temporary occlusion of the utero-placental blood sup-
ply under physiological stress of repeated uterine contractions
[6]. It thereby assesses the ability of the fetus to withstand the
process of labor.

Detractors of electronic fetal monitoring believe that
neonatal outcomes are not significantly improved by the use
of admission CTG testing as compared to intermittent FHR
auscultation during labor [9]. In a meta-analysis to assess the
effectiveness of the labor admission CTG test in preventing
adverse outcomes, compared with auscultation only, Bix et
al concluded that the admission CTG test was not beneficial
in low-risk women and did not predict adverse neonatal out-
comes [8]. Moreover, they reported that admission CTG test,
in low-risk women, was more likely to have minor obstetric
intervention such as epidural analgesia, continuous electronic
fetal monitoring and fetal blood sampling [8]. Similarly, Ra-
jalekshmi et al evaluated the admission CTG test in 400 wom-
en and found a significantly higher rate of cesarean delivery
during labor in cases of “suspicious” FHR, compared to the
“reassuring” FHR group [10]. Recently, Smith et al conducted
a multicenter randomized trial on 3,034 women with low-risk
pregnancy who received either admission CTG test or inter-
mittent auscultation and demonstrated no difference in obstet-
ric or neonatal outcomes [11]. However, this concerned only
low-risk pregnancies with delivery between 37 and 41 weeks.

To the best of our knowledge, this is the first report on the
evaluation of the admission CTG test on perinatal outcomes
in cases of prolonged pregnancy at our beyond 41 weeks. In a
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prospective study of 328 high-risk pregnancies, Sharbaf et al
[12] reported an increased rate of emergent cesarean delivery
for FHR abnormalities when an “intermediate” FHR pattern
was found during admission CTG test. However, they only in-
cluded seven pregnancies > 41 weeks and included high-risk
pregnancies (intrauterine growth restriction, maternal hyper-
tension and pre-eclampsia, gestational diabetic mellitus at or
beyond 34 weeks).

We acknowledged some limitations, such as the retrospec-
tive design of the study and the small number of participants
who underwent an emergency cesarean section for fetal dis-
tress. Another limitation is that only one individual reviewed
and scored the admission CTG tracing.

The use of admission test as a method of routine evaluation
of pregnant women is still controversial. Our study supports
a role for admission CTG testing in prolonged pregnancy, a
high-risk population. An “indeterminate” FHR pattern during
admission CTG is likely to predict the need for an emergent
cesarean delivery during labor. However, it seems that this test
cannot predict fetal outcomes such as low pH, low Apgar score
or the need for neonatal resuscitation. Therefore, there are still
debates over the effectiveness of this test in predicting the fetal
outcomes [13-16]. In some developed countries, the admission
test may not have a significant effect in improving the prog-
nosis of infants because women receive continuous antenatal
cares. However, in developing countries, this test may be a
useful tool [14].

Further studies are needed to determine if the admission
CTG test at or beyond 41 weeks could predict neonatal out-
comes in cases of expecting management until 41 weeks + 6
days. Moreover, studies are also required to determine con-
venient supplemental diagnostic modalities that can enhance
the positive predictive value of an abnormal admission CTG
test. Data obtained from such trials would help in refining the
role of admission CTG test in modern day intranatal care.

Conclusion

Admission CTG test is a simple, non-invasive test that can
serve as a screening tool in cases of prolonged pregnancy at
our beyond 41 weeks to predict whether a fetus is likely to
develop fetal distress and may require an emergent cesarean
delivery during labor. However, there is scarce evidence to
recommend admission CTG test as a screening test to improve
neonatal outcomes in cases of prolonged pregnancy.
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Supplementary Material

Suppl 1. Fetal Heart Rate (FHR) Interpretation System.
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