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Abstract

Background: Cardiotocography (CTG) is a vital tool in obstetric practice for real-time fetal monitoring. However,
its predictive value in identifying neonatal asphyxia remains underexplored, particularly in the critical hour
before delivery.

Aim of the Study: This study investigates the association between CTG monitoring in the last hour before delivery
and neonatal asphyxia, aiming to evaluate its predictive value.

Patients and Methods: This study is a descriptive retrospective cohort study conducted at Al-Elwiya Maternity
Teaching Hospital between January 2024 and January 2025. The study included 250 pregnant women presented
with labourcondition to the mentionedhospital, CTG monitoring was applied continuously. After delivery
(whether by vaginal delivery or caesarean section)CTG of last hour before delivery was compared for the neonates
who had asphyxia and those without asphyxia. Inclusion criteria were: Term months, no history of taking drug,
before delivery that affects the heart rate of the fetus (as magnesium sulphate, narcotics and pain killers), no
history of fever, no history of drugs, addition, not smoker, not alcoholic, babies without congenital anomalies.
Exclusion criteria: Preterms, mothers with medical disease like diabetes mellitus and hypertension, addiction
to smoking and alcohol, mothers taking drugs that affect the heart rate of the fetus like (magnesium sulphate,
narcotics and pain killers, maternal fever, neonates with congenital anomaly, extremes of reproductive age group
and extremes of BMI (<18.5 or = 25 kg/m?).

Results: Pathological CTG patterns were observed in 70% of the asphyxia group, compared to 1.6% in the non-
asphyxia group. Late decelerations, absent variability, and accelerations were significantly associated with
asphyxia. Caesarean delivery was more common in the asphyxia group. The need of NICU admissions further
emphasized the poor neonatal outcomes.

Conclusion: CTG monitoring in the last hour before delivery shows significant predictive potential for neonatal asphyxia.
Specific CTG patterns can guide timely obstetric interventions, which can lead to improve neonatal outcomes.
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Introduction

Cardiotocography (CTG) is a technique used to
monitor the fetal heartbeat and uterine contractions
during pregnancy and labor. The machine used to
perform the monitoring is called a cardiotocograph.
It aids early fetal distress detection(!" . Recent studies
suggest that specific CTG pattern, like recurrent late
declaration and reduced variability, may indicate
fetal distress, potentially leading to neonatal asphyxia
if not addressed promptly®.

The physiology of fetal heart rate (FHR) is a
complex process governed by the autonomic and
somatic components of the central nervous system,
essential for maintaining fetal well-being during
gestation and particularly through the stress of labor.
The autonomic nervous system, comprised of the
sympathetic and parasympathetic systems, plays a
pivotal role in modulating the FHR. The sympathetic
system is responsible for increasing heart rate,
preparing the body for ‘fight or flight' responses,
while the
mechanisms such as the action of baroreceptors and

parasympathetic  system, through
chemoreceptors, seeks to decrease the heart rate,
promoting rest and digest activities. This dynamic
balance between the two systems establishes the
baseline FHR and its variability, observed in clinical
settings as fluctuations on the cardiotocography®. A
normal CTG trace is pivotal in assessing fetal well-
being, providing insights into the fetal heart rate and
its regulation by the autonomic and somatic nervous
systems during pregnancy and labor®. Neonatal
asphyxia is the medical condition resulting from
deprivation of oxygen to a newborn infant during the
birth process leading to physical harm to the brain,
causing immediate neurological deficits and long
term (for living babies). It is a major cause of neonatal
morbidity and mortality worldwide, emphasizing
the need for effective preventive strategies®. The
incidence of perinatal asphyxia is 2-10 per 1000 births
in developed countries, but the rate rises up to (10)
times higher in developing countries where there
may be limited access to maternal and neonatal care.
Of these affected infants, 15-20% die in the neonatal
period, and up to 25% of survivors are left with
permanent neurological deficits?”). Perinatal asphyxia
can occur due to maternal events (hemorrhage,
amniotic fluid embolism, hemodynamic collapse),

placental events (acute abruption), uterine events
(rupture), cord events (tight nuchal cord, cord
prolapse/avulsion) and intrapartum infection
(maternal fever in labor)®). The asphyxia can occur
prior to the birth (50% prepartum, during birth 40%, and
immediately postpartum 10% ). Categorization of CTG
according to NICE guideline including the 4 features
of the CTG (contractions, baseline FHR, variability,
decelerations) as white, amber and red (red indicates
increasing levels of concern).Alongside consideration
of the presence of accelerations to classify the overall
CTG trace(9). FIGO classification of categorize CTG
pattern into: normal, suspicious and pathological also
using the 4 feature of CTG (contractions, baseline FHR,

variability, decelerations)®.

should
including maternal

Health care consider

the entire clinical picture,

professional

observations, contraction frequency, and labor
progression togather with fetal heart assessment
using CTG categorizations mentioned above to
make informed care decisions and ensure timely

interventions according to the results ().

The aim of this study was to predict the
association between abnormal CTG patterns one hour
before delivery and the occurrence neonatal asphyxia
outcomes. The predictive value of pre-delivery CTG
monitoring for neonatal asphyxia has been a subject
of extensive research and clinical debate. CTG
monitoring is a standard practice in obstetrics, aiming
to identify fetuses at risk of asphyxia by assessing the
FHR patterns and uterine contractions and providing
invaluable insights into fetal wellbeing during labor.
The primary goal is to predict asphyxia and intervene
before it causes irreversible harm(?).

There is a gap in understanding the correlation
between CTG patterns observed an hour before
delivery and neonatal asphyxia outcomes, with some
researchers advocating for continuous monitoring('®).

Patients and Methods
Study Design

This was a descriptive retrospective cohort
study, carried out in the Department of Obstetrics
and Gynecolog, Department of Neonatal Intensive
Care Unit at Al-Elwiya Teaching Hospital, Baghdad,
Iraq during a period of one year from 15 of January
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2024, till 15% of January 2025. The study protocol was
approved by Scientific Counseling of Obstetrics and
Gynecology. All patients informed about the nature
of study and verbal consent was taken from them.

Sample size and date collection

250, term, pregnant women were included
in the study. They were presented with labour
condition in the labour room of the mentioned
hospital above. Questionnaire was arranged for each
patient including: age, parity, gravidity, LMP, time
of quickening, pregnancy test if available or early
ultrasound and calculation of the gestational age was
done accordingly. Height and weight was measured
followed by calculation of BMI (weight in kilograms
divided by the height in squaredmeters). Previous
medical, drug, social and obstetrical history was
taken. All should have anomaly scan done during
their antenatal period.

Inclusion criteria

Term, no history of taking drugs that affect
the fetal heart like magnesium sulphate, narcotics,
and pain killers before delivery. No history of
fever, no history of drug addiction, smoking or
alcohol consumption. Neonates without congenital
anomalies.

Exclusion criteria

Preterms, Medical diseases like diabetes mellitus
and hypertension. Addiction to drugs, alcohol and
smoker. Mothers taking drugs that affect the heart
rate of the fetus like magnesium sulphate, narcotics,

pain killers, and maternal fever.Congenital anomalies
of the baby.Extremes of reproductive age groups.
Extremes of BMI (<18.5 or 225 kg/m?).

CTG data and labour details

All patients included in the study were monitored
continuously by CTG which was performed by
obstetricians or other healthcare professionals.
Labour details, type of delivery (vaginal or cesarean
section) were recorded in the patient forma.

Diagnosis of neonatal asphyxia

Usually done by senior pediatrician in the
neonatal resuscitation room in the labour or theater
or NCU. Asphyxia was diagnosed based on a
combination of clinical and biochemical criteria.
Clinically, neonates with an Apgar score of less than
7 at 5 minutes were considered. Biochemical criteria
included arterial blood gas pH less than 7.1 or base
deficit greater than 12 mmol/L. Information on any
neurological sequelae was also included to assess the
long-term impact of asphyxia.

CTG assessment

Expert obstetricians interpret each CTG trace
for each patient retrospectively after delivery. The
CTG parameter included in the study were those in
the last hour baby delivery for both asphyxia and
no-asphyxia neonates. CTG parameters as defined
by FIGO classification was evaluated for each CTG
trace and then blinded to the neonatal outcome, to
compare CTG parameters between asphyxia and no-
asphyxia neonates (blinded CTG).

Table (1): FIGO classification of CTG @,

Category Criteria Interpretation

Normal - Baseline FHR: 110-160 bpm - No hypoxia or acidosis
- Variability: 5-25 bpm - No intervention required
- No repetitive decelerations

Suspicious | - Missing one or more features of normal but without | - Low probability of hypoxia or acidosis
pathological features - Requires action to correct reversible

causes or close monitoring

Pathological | - Baseline FHR: <100 bpm - High probability of hypoxia or acidosis
- Reduced, increased variability, or sinusoidal pattern | - Immediate action needed, including
- Repetitive late/prolonged decelerations (>30 min | POssible expedited delivery
or >20 min if reduced variability)
- Deceleration lasting >5 min
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Statistical analysis

The data analyzed using Statistical Package for
Social Sciences (SPSS) version 26. The data presented
as mean, standard deviation and ranges. Categorical
data presented by frequencies and percentages.
Independent t-test (two tailed) was used to compare
the continuous variables accordingly. A level of
p-value less than 0.05 was considered significant

Results

During study period 6892 women were delivered,

the neonatal department reported29 cases of term
neonatal asphyxia of different causes, the incidence
of asphyxia was 4.49 per 1000 term newborns.
According to the flowchart of the study inclusion
sited below, 250 cases of delivered women will be
included in the study and were divided two groups:
10 cases of mothers delivered babies with asphyxia
(asphyxia group) and 240 women deliveredbabies
without asphyxia (no-asphyxia group). All 250
patients who were chosen should have CTG records
in the last hour before delivery.

Gestational age =Jl Term babies ([Completed 37 weeks - 41 weeks & 6 days) ‘

| Medical and Drug History l—-

No history of taking drugs that affect the fetal heart rate before delivery
(e.g., magnesium sulfate, narcotics, pain killers)

Mo history of fever

. : . __I Mo history of drug addiction
Social History Not smoker, Not alcohelic
Anomaly scan ..l Babies without congenital anomalies |

Figure (1): Flowchart of the study inclusions

* Maternal age was similar between the
asphyxia group (28.26+6.17 years) and the no-
asphyxia group (28.994£5.79 years), with no
significant difference (P = 0.425). Gravidity
and parity also showed no statistically
significant differences between the two
groups, with mean values of 5.23+2.22 and
3.28 +1.54 in the asphyxia group compared to
5.67 £2.37 and 3.67 + 1.81 in the no-asphyxia
group (P =0.237 and P = 0.204, respectively).

Similarly, the number of previous
miscarriages was comparable, with mean
values of 0.96 + 0.91 in the asphyxia group
and 1 £ 0.84 in the no-asphyxia group
(P = 0.755). Maternal BMI did not differ
significantly between the two groups, with
values of 27.07 £ 2.35 in the asphyxia group
and 27.24 £ 2.44 in the no-asphyxia group (P

= 0.641) (Table 2).

Table (2): Distribution of patients” demographics according to the groups.

Variables Asphyxia No-asphyxia

Mean *SD Mean SD P value
Age 28.26 +6.17 28.99 +5.79 0.425
Gravidity 5.23 £2.22 5.67 £2.37 0.237
Parity 3.28 +1.54 3.67 +1.81 0.204
Miscarriage 0.96 £0.91 1+0.84 0.755
BMI 27.07 £2.35 27.24 +2.44 0.641

* Induction of labor was not significantly
associated with neonatal asphyxia, occurring
in 60% of the asphyxia group and 61.7% of
the no-asphyxia group (P=0.556).

Mode of delivery showed a significant
association ~ with  neonatal  asphyxia

(P < 0.001). Caesarean section (C/S) was
more common in neonates with asphyxia
(90%) compared to those without asphyxia
(47.9%). Conversely, vaginal delivery was
significantly less frequent in the asphyxia
group (10%) compared to the no-asphyxia
group (52.1%) (Table 3).
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Table (3): Induction of labor and mode of delivery according to study groups.

Asphyxia | No-asphyxia P value
Variables No. (%) No. (%)
Induction of Labor Yes 6 (60) 148 (61.7)
No 4 (40) 92 (38.3) 0.5%
Mode of delivery Vaginal 1 (10) 125 (52.1)
C/s 9 (90) 115 (47.9) <0.001
Causes of C/S Fetal distress 7 (77.8) 36 (31.3)
Failure to progress | 2 (22.2) 68.7) <0.001
CTG  Variables: ~ CTG  parameters in 40% of the asphyxia group and 91.1% of

demonstrated significant differences between
the asphyxia and no-asphyxia groups:

Variability: Absence of variability was
observed in 70% of the asphyxia group,
compared to none in the no-asphyxia group
(P<0.001). Variability was present in all
neonates without asphyxia (100%) but only
in 30% of those with asphyxia.

Accelerations: Absence of accelerations was
significantly more common in the asphyxia
group (80%) compared to the no-asphyxia
group (11.3%) (P<0.001).

Decelerations: Decelerations were observed

the no-asphyxia group (P < 0.001).

Type of Deceleration: Late decelerations
were exclusive to the asphyxia group (75%),
while early decelerations were observed
only in the no-asphyxia group (74.9%) (P <
0.001). Variable decelerations were similar in
frequency in both groups (25% vs. 25.1%).

Baseline Fetal Heart Rate (FHR): The mean
baseline FHR was significantly lower in the
asphyxia group (98.11 + 4.34 bpm) compared
to the no-asphyxia group (134.13 = 13.33
bpm) (P < 0.001)(Table 4).

Table (4): CTG Variables according to study groups.

Variables Asphyxia | No-asphyxia | P value
No. (%) No. (%)
Variability Absent 7 (70) 0 (0) <0.001
Present 3 (30) 240 (100)
Acceleration Absent 8 (80) 27 (11.3) <0.001
Present 2 (20) 213 (88.7)
Deceleration Absent 6 (60) 21 (8.9) <0.001
Present 4 (40) 219 (91.1)
Type of deceleration | Early 0 (0) 164 (74.9) <0.001
Variable 1(25) 55 (25.1)
Late 3 (75) 0(0)
Baseline FHR Mean #SD | 98.11+4.34 | 134.13 +13.33 | <0.001
CTG categorization showed a strong compared to only 1.6% in the no-asphyxia
association ~ with  neonatal  asphyxia group. Normal CTG patterns were observed

(P < 0.001). In the asphyxia group, 80%
of cases were classified as pathological,

in 10% of the asphyxia group and 81.3% of
the no-asphyxia group (Table 5).
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Table (5): CTG categorization according to study groups.

Category Asphyxia No- asphyxia
P value
No. (%) No. (%)
Normal 1 (10) 195 (81.3)
Suspicious 1 (10) 41 (17.1) <0.001
Pathological 8 (80) 4 (1.6)

e The Apgar scores at 5 minutes were
significantly lower in the asphyxia group
compared to the no-asphyxia group
(P < 0.001). The minimum, mean, and
maximum Apgar scores in the asphyxia

group were 4, 5.06, and 6, respectively, while
in the no-asphyxia group, they were 6, 8.22,
and 10. These findings highlight the reduced
neonatal condition in cases of asphyxia
(Figure 2).

Apgar score at 5 minutes

- —0

e
<)
a
©
[-T1]
o
<
Minimum
== Asphyxia 4
=== No-asphyxia 6
== Asphyxia

Mean Maximum
5.06 6
8.22 10
P value <0.001

=== No-asphyxia

Figure (2): Apgar score according to study group.

e NICU admission was required for all
neonates in the asphyxia group (100%), while
only 12.1% of neonates in the no-asphyxia
group required NICU admission. None of
the neonates in the asphyxia group avoided
NICU care, whereas 87.9% of neonates in the

no-asphyxia group did not require NICU
admission. This stark difference highlights
the strong association between neonatal
asphyxia and the need for NICU admission
(Table 6).

Table (6): NICU admission rate.

NICU Asphyxia No-asphyxia
P value

No. (%) No. (%)

Yes 10 (100) 29 (12.1)
N/A

No 0 (0) 211 (87.9)

N/ A: not applicable.

Discussion before delivery and neonatal asphyxia (p<0.001).

The current study, there was a significant
association between pathological CTG (absence of
fetal heart accelerations, reduced variability, late
decelerations and bradycardia seen in the last hour

In addition this study showed that suspicious CTG
patterns were observed more often in the no-asphyxia
group (17.2%) than in the asphyxia group (10%).
Normal CTG patterns were more frequent in the no-
asphyxia group (81.3%) than in asphyxia group (10%).
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As compared to other studies, they found that
pathological CTG patterns, are indicative of potential
fetal hypoxia and associated with adverse neonatal
outcomes¥).

In the current study, the absence of FHR
accelerations was significantly more common in
the asphyxia group (80%) compared to no-asphyxia
group (11.3%) and (p<0.001). This finding underscores
the importance of FHR accelerations as indicators of
fetal well-being.

FHR accelerations are typically associated with
fetal movements and reflect an intact central nervous
system and adequate oxygenation, they are indicator
of fetal well-being, as compared with other studies,
they found that their absence during labor was
associated with an increased risk of fetal hypoxia,
neonatal acidemia and adverse outcomes(!®).

The current study showed that all neonates
without asphyxia exhibited variability and there is
significant association between absence of variability
and neonatal asphyxia (p<0.001).

FHR variability, is the fluctuation in the time
intervals between adjacent heartbeats, it indicates
healthy neurocardiac function and is generated by
heart- brain interactions and dynamic non-liner

autonomic nervous system processes(19).

As compared with the studies, they found
that reduced or absent FH variability was a strong
indicator of fetal hypoxia, potential asphyxia and
newborn acidemia('?).

Decelerations in FHR are common during
labour. The pattern of deceleration is more indicative
of development of fetal hypoxia and later on
neonatal asphyxia. Early decelerations are caused
by the compression of the baby’s head during
uterine contractions. The compression causes vagal
stimulation which slows the fetal heart rate. Late
decelerations are caused by decreased blood flow
to the placenta and can signify an impending fetal
acidemia, the usual cause of this type is uteropcental
insufficiency. Variable decelerations are caused
by direct umbilical cord compression, which lead
to decelerations in the FHR. FHR accelerations or
increase in heart rate is a sign that the baby is doing-
well. Early decelerations happen during contractions

and are also considered normal. However late
decelerations may indicate that there is a decrease in
blood flow from the placenta. A variable deceleration
can happen when the umbilical cord is temporarily
compressed and can be a sign that the baby isn’t
getting enough oxygen(®.

In the current study, early decelerations were
observed only in the no-asphyxia group (p<0.001).
Late decelerations were exclusive to the asphyxia
group. Variable decelerations were similar in
frequency in both groups (about 25%).

As compared with other studies, they found that
certain patterns of decelerations, such as recurrent late
decelerations with minimal or absent variability, are

more concerning for fetal academia and hypoxia®).

In the current study, neonates in the asphyxia
group had significantly lower 5 minute Apgar scores
compared to those in the no-asphyxia group (p<0.001)
and all neonates in the asphyxia group required
NICU admission, whereas only 12% of those in the
no asphyxia group did.

As compared with other studies in their
systematic review and meta-analysis, they found that
cases of neonatal asphyxia were associated with poor
neonatal outcomes, low Apgar score, and higher
NICU admission rates®).

Neonatal asphyxia, characterised by impaired
gas exchange leading to hypoxemia and hypercapnia,
often necessitates advanced supportive measures
available in NICUs to manage potential complications
such as respiratory distress, metabolic acidosis and
organ dysfunction.

In the current study showed that maternal age,
gravidity, parity, BMI, labor induction for any cause
showed no significant association with neonatal
asphyxia.

In comparison with other studies, they found
that age less than 20 years had increase in the risk
of birth asphyxia. This difference because current
study patients were matched regarding their age to
eliminate the demographic bias®V.

Regarding gravidity some studies showed the
same as current study®? while other studies showed
that primigravida is a significant risk factor for the
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development of birth asphyxia® 24). Regarding BMI,
current study showed no significant association
between BMI and birth asphyxia.

In comparison with other studies, they showed
that obesity was associated with higher rate of birth
asphyxia compared to normal weight mothers@> 29),
This difference between studies because the current
study selected cases with matched BMI (avoidance of
extremes of weight).

In the current study showed no significant
association with the labor induction.

In comparison with other studies, they found the
same non significance between induction of labor
and birth asphyxia. This other study stated that
although induction of labor is associated with uterine
contractions and possibility of changes in fetal heart
rate but the rate of neonatal asphyxia is not elevated
providing the proper management of labor and
judicious use of uteritonic agent®).

In current study, mode of delivery was
significantly associated with neonatal asphyxia
(p<0.001). Caesarean section was more prevalent
among neonates with asphyxia compared to those
without. Vaginal delivery was less frequent in the
asphyxia group. The high rate of CIS in the asphyxia
group could be a consequence of underlying perinatal

complications necessitating surgical intervention.

In comparison with their studies, they found that
the mode of delivery per se was not associated with

the presence of neonatal asphyxia®®.

The differences between studies reported above
related to different sample size and different study
design.

Conclusions

CTG monitoring in the last hour before delivery
shows significant value in prediction of neonatal
asphyxia. Pathological CTG patterns can guide
timely obstetric interventions, which can lead in
improvement of neonatal outcomes and decreases
the incidence of neonatal asphyxia.
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