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Abstract

Background: Cardiotocography (CTG) being a simple noninvasive tool has been used more frequently in recent decades to
detect fetal distress & to reduce neonatal mortality &morbidity related to fetal hypoxia. On the other hand, umbilical cord blood
gas can be used to detect fetal acidaemia due to fetal distress more accurately. This study aimed to correlate fetal monitoring
findings by intrapartum CTG with umbilical cord blood pH & lactate level &test the ability of CTG to predict fetal distress &
neonatal outcome. Materials and Methods: This prospective cross-sectional observational study was conducted in the
Department of Obstetrics and Gynecology of Chittagong Medical College Hospital, Chattogram, Bangladesh for one year from
July 2020 to June 2021. It included 80 term singleton pregnancies in active labour. Intrapartum CTG was taken and classified
into normal, suspicious and pathological according to FIGO guidelines of CTG monitoring 2015. Mode of delivery, liquor
colour, Apgar scores at 1 and 5 minutes, and admission to the neonatal intensive care unit (NICU), adverse neonatal outcomes
were observed. Immediately after delivery of the baby 10 cm of the umbilical cord was clamped doubly and 2-3 ml of umbilical
cord arterial blood was taken immediately in a pre-heparinized syringe and sent to a laboratory for assessment of pH and lactate
to detect fetal acidosis. Antenatal CTG was correlated to neonatal outcomes and cord blood acidosis by statistical analysis.
Results: In this study, 40.0% of the women had normal CTG, 38.8% had suspicious CTG, and 21.2% had pathological CTG.
There was a significant worsening of neonatal outcomes across these three groups concerning depressed (<7) Apgar scores at 1
minute (40.6%, 80.6%, and 100%; P<0.001), depressed Apgar scores at 5 minutes (3.1%, 22.6%, and 47.1%; P<0.001), and
admission to the NICU (9.4%, 38.6%, and 70.7%; P<0.001). When CTG was pathological or suspicious CTG delivery by
LSCS was 5.33 times higher (RR: 5.33; 95% CI: 2.09 -13.63) compared to subjects with normal CTG. There was also a
progressive worsening of cord blood pH (7.25+0.05, 7.20+0.06, and 7.13+0.09; P<0.001) and a progressive increase in lactate
(3.66£1.01 mmol/l, 4.79+1.61 mmol/l, and 6.63+2.18 mmol/l; P<0.001). Conclusions: It should be concluded that pathological
CTG which correlates intrapartum fetal hypoxia with cord blood acidaemia and adverse neonatal outcomes. As
cardiotocography is a simple, cost-effective noninvasive tool it can be used to detect fetal distress in labour. Continues CTG
monitoring can be offered or recommended in every labour room setting to detect fetal distress & early intervention to prevent
neonatal morbidity & mortality.

Keywords: Intrapartum Fetal Distress, Cardiotocography, Umbilical Cord & Perinatal.

Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

disruption of normal fetal oxygenation, ranging from
INTRODUCTION mild hypoxia to profound fetal asphyxia” [1]. The
oxygen supply to the fetus is interrupted with every
uterine contraction during labour. A healthy fetus has in
build mechanisms to tide over these short periods of
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Fetal distress has been described as “a
condition in which fetal physiology is so altered to
make death or permanent injury a probability within a
relatively short period and usually considered to denote
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hypoxia without any consequences. However, a fetus
with borderline reserves due to chronic uteroplacental
insufficiency may decompensate and show overt
asphyxia during labour [2, 3]. Despite the advances in
fetal monitoring during labour, one of the most critical
causes of neonatal death and neurologic injuries
remains intrapartum asphyxia [4]. During labour and
birth, intrapartum asphyxia leads to hypoxia and fetal
acidosis. Thus, a reliable method for detecting acidosis
can be a helpful tool for predicting adverse neonatal
outcomes due to intrapartum asphyxia [5]. It was found
that cord blood pH is the most sensitive parameter for
the diagnosis of fetal asphyxia and should be performed
in all high-risk births, as this may help provide
appropriate care to the newborn at birth and prevent and
decrease neonatal morbidity and mortality [6]. The
umbilical artery pH is a predictor of adverse neonatal
outcomes, and the Blood Gas Analysis (BGA) of cord
blood is a helpful tool for screening newborns at risk.
Universal umbilical cord BGA should be considered for
all deliveries because it is an accurate screening test for
neonatal hypoxia [7]. Intrapartum fetal monitoring is
another way to address severe perinatal hypoxia related
to perinatal death or permanent neurological damage.
Currently, the two most widely accepted techniques of
fetal monitoring are ‘intermittent auscultation (IA) of
fetal heart rate (FHR)’ and ‘cardiotocography’ (CTG)
[8]. Intrapartum continuous fetal monitoring is
mandatory in any labour considered as high risk.
Continuous electrical fetal monitoring (EFM) by CTG
is the most common obstetrics procedure in the United
States, and 75% of women in Canada have continuous
EFM while most of these women (70-80%) are at low
risk [9, 10]. CTG involves continuous recording of
FHR as well as uterine contractions. The ‘cardiac’ part
of the CTG, the FHR, is recorded using a transducer
placed on the maternal abdomen (external monitoring)
or an electrode placed on the fetal scalp (internal
monitoring). The external transducer is an ultrasound
device that uses the Doppler principle. It is printed on
paper in a similar way to an electrocardiography (ECG).
There is a second transducer, the ‘toco’ component,
which is also placed on the maternal abdomen below
the uterine fundus, and it records the contractions [11].
According to National Institute for Health and Care
Excellence (NICE), guideline 2017, CTG tracings were
interpreted as normal, suspicious (suspicious), and
pathological. According to NICHD 2008 Classification,
intrapartum CTG tracing is classified into Normal
(category | trace), Indeterminate (category Il trace), and
Abnormal (category IIl trace) [12, 13]. Changes
observed on the CTG trace may reflect a fetal response
to the ongoing hypoxic or mechanical stresses during
labour, such as compression of the umbilical cord or
reducing the placental blood flow. If appropriately
interpreted, the CTG trace will provide information
regarding the nature of the ongoing hypoxic and
mechanical stress and fetal compensatory mechanisms
[11]. The rates of cesarean section (CS) and
instrumental  deliveries have been continuously

increasing over the last 40 years. An important driver of
this rising rate of operative deliveries is the use of CTG
in labour [14]. CTG has a high false-positive rate and
has high intra-observer variability [11]. On the other
hand, controversy regarding the routine practice of
CTG is ongoing. A recent Cochrane review reported
that CTG during labour is associated with reduced rates
of neonatal seizures, but no apparent differences in
cerebral palsy, infant mortality, or other standard
neonatal well-being measures. However, continuous
CTG was associated with increased CS and
instrumental vaginal births [15]. In addition, recent
studies are inconsistent regarding the correlation
between CTG and cord BGA. Some studies reported the
low predictive value of CTG tracings in the diagnosis of
neonatal acidaemia and prediction of poor neonatal
outcomes, while others reported a highly significant
correlation between CTG and umbilical cord blood pH
is being acidic [16-22]. Intrauterine hypoxia can lead to
20-40% of the stillbirths, preventable by intrapartum
fetal monitoring [13]. In Bangladesh, the vast majority
of labour (low and high risk) is monitored by
intermittent auscultation of fetal heart rate. Intrapartum
fetal monitoring by CTG has been introduced in
Chittagong Medical College Hospital (CMCH) for a
couple of years. The purpose of CTG monitoring is to
determine fetal bradycardia and other fetal heart rate
abnormalities during labour to minimize fetal death and
adverse neonatal consequences of fetal hypoxia so that
early intervention can be carried out. To date, CTG is
not a regular monitoring tool due to a lack of agreement
on nomenclature and definitions for interpretation of
FHR and partly due to inter-observer and intraobserver
bias. The bias can be solved through regular audits of
CTG tracings against fetal conditions at birth. In this
regard, fetal umbilical cord acid-base status has been
used as a Gold standard tool for audit [23]. Currently,
there are very few studies done in Bangladesh,
especially in CMCH, to determine the predictive value
of CTG diagnosis of fetal distress by following up on
the newborn for acidaemia and or poor neonatal
outcome. In this regard, it was rational to do this study
to correlate intrapartum CTG findings with umbilical
cord blood pH at birth and perinatal outcome at the
study site. The study results would help us evaluate the
success of CTG as FHR monitoring practices in
predicting fetal acidosis during labour and the poor
perinatal and neonatal outcome. So this noninvasive
CTG can be introduced as a regular intrapartum
monitoring tool in the labour ward to reduce inter-
observer bias which is common in the case of 1A by
stethoscope. This study will grow attitudes toward
using CTG tracing along with umbilical cord blood
sampling to observe and evaluate adverse neonatal
consequences of fetal hypoxia and acidosis. Moreover,
the study results would help us to evaluate the success
of CTG as an FHR monitoring tool and predicting fetal
acidosis in labour and justify the indication of
emergency cesarean section for fetal distress. This
study was designed to correlate intrapartum fetal
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distress with the help of CTG with umbilical cord blood
sampling by measuring cord blood pH and lactate level
and its perinatal outcome.

METHODOLOGY & MATERIALS

This perspective cross-sectional observational
study was conducted in the Department of Obstetrics
and Gynecology of Chittagong Medical College
Hospital, Chattogram, Bangladesh for one year from
July 2020 to June 2021. It included 80-term singleton
pregnancies in active labour. Intrapartum CTG was
taken and classified into normal, suspicious, and
pathological according to FIGO guidelines of CTG
monitoring 2015. Mode of delivery, liquor colour,
Apgar scores at 1 and 5 minutes, and admission to the
neonatal intensive care unit (NICU), adverse neonatal
outcomes were observed. Immediately after delivery of
the baby 10 cm of the umbilical cord was clamped
doubly and 2-3 ml of umbilical cord arterial blood was
taken immediately in a pre-heparinized syringe and sent
to a laboratory for assessment of pH and lactate to
detect fetal acidosis. Antenatal CTG was correlated to
neonatal outcomes and cord blood acidosis by statistical
analysis.

RESULTS

More than half (52.5%) of the participants
were in the 20-29 years age group, followed by 42.5%
(42/80) in the below 20 years age group, and only 5.0%
(4/80) in the 30-39 years age group. This table shows
that. Thirty-four (42.5%) women were nulliparous, and
more than half (57.5%) of the participants were at term
pregnancy. There were 6 women (7.5%) with mild
oligohydramnios, 14 (17.5%) with meconium-stained
liquor, 11 (13.8%) women with less fetal movement,
and 12 (15.0%) were with post-term pregnancy. After
summarizing different CTG parameters, it was found
that 38.8% (31/80) of subjects had suspicious CTG, and
21.2% (17/80) had pathological CTG findings. The
remaining 40.0% (32/80) had Normal CTG. The CTG

categories of the participants are depicted in Figure 1.
This figure reveals that, out of 80 women, 53.8% were
delivered by normal virginal delivery, and 43.7% were
delivered by cesarean section. Only 2 (2.5%) of the
women were delivered by forceps delivery figure-2.
This table states that the birth weight range was <2.5 kg
in only 3 (3.8%) of cases, and 29 (36.3%) of patients
had a weight >3.0 kg. 68.8% and 20.0% had Apgar
scores <7 at 1 minute and 5 minutes, respectively Table
3. This table states that Bag-mask ventilation was
administered in 17.5% of newborns and 33.8% required
admission to the neonatal care unit. Five (6.3%)
developed hypoxic Ischemic encephalopathy and 6
(7.5%) neonatal deaths. The amniotic fluid’s thin and
thick meconium staining was noted in 37.5% and
18.8% of births Table 3. This table states that the
majority of the neonates with normal acid-base status
had normal CTG tracing in contrast to the neonates with
cord blood acidaemia, where the majority of the CTG
tracing was either suspicious (48.0%) or pathological
(44.0%) (Table XIV). A significant association was
found between the type of CTG and umbilical cord
artery blood pH (p=0.005) Table 4. Table 5 states that,
the proportion of Apgar scores <7 at 1 minute was
highest in the pathological CTG group (100%),
moderate in the suspicious group (80.0%), and lowest
in the normal group (40.6%; P < .001 for trend). The
Apgar scores at 5 minutes followed the same pattern
(47.1%, 22.6%, and 3.1%, respectively; P < .001 for
trend). Table X shows that adverse neonatal outcomes
were more observed in participants with intrapartum
abnormal CTG tracing type. However, among different
outcomes, birth asphyxia, neonatal sepsis, and MAS
observed a significantly higher proportion with
abnormal CTG. Figure 3 shows that cord blood lactate
level had a significant positive correlation with CTG
tracing (Spearman rho value of 0.590; p<0.001)
indicated with changing from CTG type normal to
suspicious and pathological cord blood acidemia
(increasing lactate level) increased.

Table-1: Demographic Characteristics of the Participants (N=80)

Characteristics | Frequency | Percentage

Age group

<20 years 34 42.5

20-29 years 42 52.5

30-39 years 4 5

Parity

0 34 425

1 42 52.5

2-4 4 5

Gravida

Primi 30 37.5

Multi 47 58.8
3 3.8

Gestational age

37-40 weeks 46 57.5

40-42 weeks 34 425

Gestational risk factors
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Miloligohydramniosos 6 7.5
Meconium stained liquor | 14 17.5
Less fetal movement 11 13.8
Postdated pregnancy 12 15
No risk factors 37 46.3

CTG category of the participants

@ Normmal W Suspicious, uPathological

Figure-1: Overall CTG interpretation of the participants

Mode of delivery (n=80)

60.0% 33 8%
50.0%
% 40.0%
E 30.0%
& 20.0%
10.0%
0.0%

Normal vaginal delivery Forceps extraction LSCS

Figure-2: Mode of delivery of the participants

Table-2: Neonatal outcome

Variables | Frequency | Percentage
Liguor colour

Clear 35 43.8
Thin meconium 30 37.5
Thick meconium 15 18.8
Sex

Male 37 46.3
Female 43 53.8
Birth weight

<2.5kg 3 3.8
2.5-3.0 kg 48 60
>3.0 kg 29 36.3
APGAR <7 at 1 min | 55 68.8
APGAR <7 at5 min | 16 20

© 2022 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 297



Zenifar Sharmin et al; Sch Int J Obstet Gynec, Jun. 2022; 5(6): 294-303

Table-3: Neonatal outcome

Variables | Frequency | Percentage
Resuscitation

Not needed 63 78.8
Bag-mask ventilation 14 17.5
PPV 3 3.8
Need NICU admission 27 33.8
Neonatal seizure 10 12.5
Birth asphyxia 31 38.8
Neonatal sepsis 9 11.3
Meconium aspiration syndrome 15 18.8
Hypoxic Ischemic encephalopathy | 5 6.3
Neonatal death 6 7.5

Table-4: Association of overall CTG interpretation with cord blood acid-base status

CTG tracing | Cord blood acid-base status P-value
Normal (n=55) | Acidaemia (n=25)
Normal 30 (54.5) 2(8.0) 0.005
suspicious 19 (34.5) 12 (48.0)
Pathological | 6 (10.9) 11 (44.0)
Table-5: Association between overall CTG interpretation and APGAR scores
CTG APGAR score at 1 min | APGAR score at 5 min
<7 >7 <7 =7
Normal (n=32) 13 (40.6) 19(59.4) | 1(3.1) 31 (96.9)
Suspicious (n=31) 25 (80.6) 6 (19.4) 7 (22.6) 24 (77.4)
Pathological (n=17) | 17 (100.0) | 0(0) 8 (47.1) 9 (52.9)
P value 0.001 0.001
Table-6: Association between CTG type and adverse neonatal outcomes
Neonatal outcome | CTG tracing P-value”
Normal (n=32) | Abnormal (n=48)
Neonatal seizure 2 (6.3) 8 (16.7) 0.301
Birth asphyxia 2 (6.5) 29 (60.4) <0.001
Neonatal death 0(0) 6(12.5%) 0.076
Neonatal sepsis 0(0) 9 (18.8) 0.01
MAS 2 (6.3) 13 (27.1) 0.021
HIE 0 (0) 5 (10.4) 0.08
12.0000
10.00007} o
o 80000
: :
L. o
2 8 é g
r 6.00001 o
3 o
4.0000+ § g
o
2.0000
H 2 3
CTG type (1= Normal, 2=Suspicious, and 3=Pathological)

Figure-3: Correlation between CTG type and cord blood lactate level
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DISCUSSION

CTG is one of the simple noninvasive fetal
monitoring tools in pregnancy and during childbirth. In
the majority of the hospitals in developed countries, it is
the most commonly used tool for fetal surveillance [15].
The reason to carry out this study was to analyze the
relation of CTG findings with cord blood pH and lactate
level and perinatal outcome. For these purposes, 80
women in active labour were selected from the
Department of Gynecology and Obstetrics of CMCH.
All the participants were subjected to CTG during
labour and their perinatal outcomes were recorded. The
study demonstrated a significant relationship between
abnormal (suspicious and pathological) CTG tracings
and poor perinatal outcomes and between abnormal
CTG tracing and cord blood acidosis. In this study, the
majority of the study subjects belong to the age group
20-29 vyears, followed by 42.5% of study subjects
between 18 -20 years and 5% were between 30 -39
years of age. This study population can be compared to
Neerja S et al., 2020 majority of mothers were 25-30
years [24]. The relationship between maternal age and
CTG type is not statistically significant. In this study,
the majority of study subjects were multigravida 58.8%
and belong 37.5% belongs to primigravida which is
comparable to the study by Neerja S et al., 2020; parity
was not statistically significant in our study [24].
Regarding risk factors, this study only included mild
oligohydramnios; meconium-stained liquor, less fetal
movements and postdated pregnancy but high-risk
pregnancies like  anaemia, GDM, PROM,
Chorioamnionitis, prolonged labour, severe
oligohydramnios, cord prolapse, abruption placentae
were posted term pregnancy was excluded from this
study subjects which was similar to the study done by
Sonal B & Namita et al., 2020 [25]. It was found in our
study that the participants without any risk factors are
more likely to have normal and CTG, more than half of
the participants having fewer fetal movements had
pathological CTG. According to FIGO guidelines, CTG
traces were divided into Normal (reassuring),
Suspicious  (non-reassuring), and  Pathological
(abnormal) in the present study, and it was found that
40% of the traces belonged to a normal pattern, 38.8%
belonged to suspicious, and 21.2% were abnormal. In
another study, 50.2% of the subjects had normal CTG
tracing, 36.5% had suspicious CTG tracing and 13.3%
had abnormal intrapartum CTG tracing which was
similar to the present study [20]. According to CTG
findings, 49.0% of cases were reassuring and 51.0%
were non-reassuring in the study of Salma et al., (2018)
previously conducted in Bangladesh [26]. These
differences can be explained by the fact that the study
by Salma et al., (2018) had included cases with less
fetal movement only [26]. In the present study, patients
with fewer fetal movements were 11 (13.8%). In the
current study, the majority of the women having normal
CTG traces (75%) had clear liquor, on the contrary,
51.6% and 16.1% of the suspicious group had thin and
thick meconium-stained liquor 47% of the pathological

CTG group had thick meconium stained liquor. Kumar
et al., 2016 found that thick meconium in amniotic fluid
was associated with poor neonatal outcomes and
acidosis [27]. This was supported by another study by
Tayade et al., 2012 which concluded that the moderate
and thick meconium group had a significantly greater
risk of a low Apgar score, poor neonatal outcome &
NICU admission [28]. Another study by Neerja S et al.,
2020 observed that as the CTG became abnormal the
proportion of mothers having thick meconium increased
[24]. The present study revealed a significant
association between CTG tracing type and mode of
delivery. Out of 32 study subjects with normal CTG
tracing, most had a normal vaginal delivery (87.5%).
Cesarean delivery rates were 12.5% and 54.8% in the
normal and suspicious CTG groups respectively, but
82.4% in the pathological CTG group. All these data
indicated that subjects with pathological CTG had a
7.06 times higher chance of delivering by LSCS than
subjects with normal CTG. Subjects with pathological
or suspicious CTG had a 5.33 times higher chance of
delivering by LSCS than subjects with normal CTG.
Similarly, Neeraja et al., (2020) also found a significant
relation between CTG and mode of delivery [19]. Out
of 50 study subjects with normal vaginal delivery, all
50 had the normal type of CTG in their study. Out of 43
mothers delivered by lower segment CS delivery, no
one was found to have a normal type of CTG, 25 were
found to have the suspicious type of CTG, and 18 were
found to have an abnormal type of CTG. Thus, if the
CTG is normal, it results in normal delivery [24]. For
decades, Low Apgar scores have been used as a
surrogate measure for birth asphyxia and subsequent
adverse neurodevelopmental outcomes. The present
study demonstrated comparatively good neonatal
outcomes in the normal CTG group with only a 3.1%
Apgar score being <7 in 5 minutes. None of the
neonates developed hypoxic encephalopathy; the NICU
admission rate was very low. In contrast, the neonatal
outcomes in the group with pathological CTG traces
were comparatively poor; with 100% of Apgar scoring
less than 7 in 1 minute and 46.1% of Apgar scoring
more than 7 in 5 minutes, the majority (70.5%) need
NICU admission in this group. Among them 5
developed HIE, these findings are similar to a study
conducted by Salma et al., 2018 where abnormal CTG
findings showed a significant relationship with a low
Apgar score, birth asphyxia and admission to NICU.
Similarly, Neerja S et al., 2020 found NICU admission
rates and birth asphyxia rates proportionally increased
as the type of CTG changed from normal to
pathological [26, 24]. In contrast to the present study’s
findings, Ashley failed to detect a good correlation
between CTG findings and neonatal outcomes in 2018.
In her research, there was a poor correlation between
CTGs and neonatal outcomes. Nelson et al., (2016)
reported a 98% false-positive rate of CTGs [14]. The
main reason for the introduction of continuous CTG
monitoring in clinical practice was a belief that it would
reduce devastating neonatal outcomes like neonatal
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death and neonatal hypoxic brain injury — in otherwise
healthy babies [29]. In the present study, out of 80
deliveries, 5 neonates developed HIE. CTG tracing was
found pathological in all 5 of them, there were 6
neonatal deaths in NICU one due to neonatal sepsis and
the other 5 due to severe birth asphyxia and
complications of HIE. Another commonly observed
abnormality was birth asphyxia, meconium aspiration
syndrome, and neonatal seizure among NICU admitted
babies. These different adverse neonatal outcomes were
observed in babies having pathological CTG group.
Similarly, a study conducted by Syed w, Liagat N et al.,
2020 also observed adverse neonatal outcomes and
increased NICU admission rates among neonates
having abnormal intrapartum CTG traces [30].
Umbilical cord blood gas analysis represents one of the
most objective ways to evaluate the newborn metabolic
status and rule out perinatal asphyxia [23]. In this study,
we mainly focused on cord blood pH and lactate level.
In this study, 11.3% of study subjects had cord blood
pH less than 7.1 and 20 % had cord blood pH between
<7.2-7.1 but 68.8% had cord blood pH > 7.2. In this
study, 64.7% of the pathological CTG had acidosis and
38.7% of cases with suspicious CTG had acidosis. Only
6.3% of the subjects with normal CTG had acidosis.
These data meant a significant association between
CTG tracing type and cord blood pH. Also, there was
an increased risk of having abnormal cord blood pH
with an abnormal CTG. These values are comparable
with the study by Ray (2017), where 52.5% of the cases
with abnormal CTG had acidosis and 22.7% of cases
with suspicious CTG had acidosis and only 7.3% of the
subjects with normal CTG had acidosis [31]. Similarly,
Aboulghar et al.,, (2013) reported that 50% of
pathological CTG had acidosis, and 19.2% of patients
with suspicious CTG had acidosis [32]. They also found
that pathological (rather than suspicious) CTG
significantly increased abnormal cord blood pH risk.
The present study’s findings were also comparable to
Kaban et al. (2012), who studied 101 term pregnant
women admitted for delivery [33]. In their study, 85
neonates had normal cord arterial pH, and 13 had fetal
acidosis as diagnosed by cord arterial pH values <7.2.
Of the 13 neonates with acidosis, 5 had non-reactive
CTG tracings intrapartum. All 85 neonates without
acidosis had reactive CTG tracings. The mean value of
cord artery blood pH recorded in the normal CTG group
in the current study (7.25+0.05) was close to others
reported 7.28 £+ 0.06 [34]. The cord blood lactate level
in the normal CTG group (3.66+1.01) of the present
study was close to the findings of Gjerris et al., (2008),
who reported a mean of 4.63 + 2.33, but much lower
than Hamed et al., (2012), who reported a mean of 1.86
+ 0.99. A different methodology through measuring
lactate in whole blood could be an explanation. The
result of the present study confirmed that increased
umbilical cord blood lactate was an accurate predictor
of neonatal morbidity due to intrapartum asphyxia, as
evident by the low Apgar score at 5 minutes and the
requirement of NICU admission. By comparing the

ROC curves areas, both lactate and pH were similar in
predicting poor neonatal outcomes. In addition,
although there are numerous proposals for cut-off
values of pH and lactate to be used for confirming
intrapartum asphyxia and predicting a poor outcome
(Patil et al., 2018; Neacsu et al., 2021), the greatest
sensitivity and specificity were achieved in the current
study by using a cut-off value of 7.19 for pH, and 4.7
mmol/l for lactate for prediction of 5-minutes APGAR
score <7 [23]. In the present study, sensitivity and
specificity of cord blood lactate were almost similar to
cord arterial pH in predicting adverse neonatal
outcomes like low Apgar score and NICU admission. A
similar observation was reported by Patil et al., (2018).
But, Neacsu et al., (2021) said that lactate was superior
to pH in predicting adverse neonatal outcomes [23].
Through the ROC curves, the values of cord lactate and
pH that correspond to the highest sensitivity and
specificity for detecting Apgar score <7 at minutes and
NICU admission were determined in the present study.
The study revealed a cut-off value of 6.35 mmol/L of
cord blood lactate with sensitivity and specificity of
68.8% and 81.2% to predict a low Apgar score <7 after
5 min. Hamed et al., (2012) reported a cut-off value of
4.8 mmol/L of cord blood lactate with sensitivity and
specificity of 68 and 89% to predict a low Apgar score
<7 after 5 min [34]. In the present study, we tried to
measure the correlation between CTG traces and cord
blood pH and lactate level, a moderate negative
correlation was observed between CTG and cord blood
pH. Likewise, a moderate positive correlation was
found between CTG these patients’ babies were
admitted to NICU, thus depicting a positive correlation
between fetal acidosis and subsequent need for NICU
admission [21]. Deshpande et al., (2019) also observed
a significant correlation between CTG and cord lactate
levels [35]. The study of Hamed et al., (2012) showed
that umbilical cord blood lactate and pH had an inverse
correlation with the 1- and 5-min Apgar scores in all
CTG groups which were not statistically significant.
[34] An abnormal CTG had a sensitivity of 84.6% and a
specificity of 83.3% in detecting acidosis, which meant
that while an abnormal CTG tracing could detect 84.6%
of subjects with acidosis, it had a good ability to
identify those who did not have acidosis because of its
high specificity. It was also found that an abnormal
CTG had a positive predictive value of 64.7% and an
NPV of 93.8%, which meant that in the absence of an
abnormal CTG, the chance of having acidosis was very
little. The overall diagnostic accuracy of an abnormal
CTG in diagnosing fetal acidosis was 83.7%. This was
comparable to Ray and his colleague’s (2017) study,
where the sensitivity, specificity, PPV, NPV, and
overall accuracy were 47.5%, 92.72%, 63.33%,
86.96%, and 83.25% respectively [31]. A suspicious
CTG had a sensitivity of 85.7%, specificity of 61.2%,
PPV of 38.7%, NPV of 93.8%, and overall diagnostic
accuracy of 66.7%. Its high sensitivity indicated that
suspicious CTG could detect 85.7% of subjects who
had acidosis. However, its low specificity did not have
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a good ability to identify those with acidosis. In
contrast, Ray and his colleague (2017) reported a
comparatively lower sensitivity (22.73%) and higher
specificity (92.72%) of suspicious CTG in detecting
fetal acidosis. However, when pathological and
suspicious CTGs were considered together for acidosis
diagnosis, it had a higher sensitivity of 92.0% and NPV
(93.8%), but specificity and PPV were low, 54.6%, and
47.9%, respectively. It meant that in the absence of a
pathological or a suspicious CTG, there was
significantly less chance of having a fetus with acidosis.
When pathological and suspicious CTG were taken
together to diagnose acidosis, Ray and her colleague
(2017) found a higher sensitivity of 80% in detecting
acidosis [31]. The specificity of both abnormal and
suspicious CTG in detecting acidosis was 56.91%. The
PPV NPV of this combined group was 29.33% and
92.72%, respectively. Moreover, the NPV of both
pathological CTG and combined pathological and
suspicious CTG groups was good, 87.5%. This meant
that CTG had a confident safety profile to avoid
missing the diagnosis in patients at risk and a relevant
cost/benefit profile to avoid unnecessary LSCS of
patients who would not benefit from such surgical
intervention. The CTG is an easy, painless, and cost-
effective test for evaluating fetal well-being. This study
did not attempt to demonstrate an ability to decrease CS
rates, nor does it try to link fetal monitoring by CTG
with long-term neurologic function and cerebral palsy.
It did attempt to show that EFM by CTG tracing could
discriminate during labour healthy fetuses who have a
high likelihood of a normal early outcome. This CTG
classification system for EFM accurately predicts
normal outcomes of healthy fetuses. It was also highly
predictive of fetal distress resulting in umbilical cord
acidemia and adverse neonatal sequelae. In conclusion,
CTG can be used as an accurate predictor of neonatal
morbidity caused by intrapartum hypoxia.

Limitations of the study

The sample size was small due to resource
constraints during the period of the global corona
pandemic. Samples were collected from a single public
tertiary hospital so the results cannot be generalized.
The study included only term neonates; thus, the results
may not be valid for preterm births. The only short-term
outcome was taken into consideration but babies with
severe birth asphyxia could not be followed for
assessment of neurodevelopmental delay cerebral palsy
and other consequences due to the short period of the
study period.

CONCLUSION AND RECOMMENDATIONS

The purpose of this study was to test the ability
of CTG tracings to predict early fetal hypoxia &
neonatal morbidity as well as assess the correlation
between CTG tracings and cord blood acidosis. In
conclusion, CTG being a simple noninvasive tool was
found to be a good predictor of a healthy fetus in
normal pregnancies between 37-42 weeks of gestation,

and the probability of an adverse neonatal outcome was
associated with pathological CTG tracings. Finally, it
should be concluded that continuous CTG monitoring
should be offered and recommended in labour room
settings to predict neonatal mortality and morbidity.
CTG as a noninvasive procedure can be used as an
accurate predictor of intrauterine fetal hypoxia and may
act as a tool for timely intervention & reduce neonatal
morbidity. More extensive studies are needed to assess
the predictive ability of CTG and cord blood acid-base
status for better assessment of neonatal outcomes. CTG
should be introduced for regular fetal monitoring in all
setups of this country for better diagnosis of fetal
distress during labour and better perinatal outcome.
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