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Background: The burden of perinatal asphyxia remains high in our environment 
and when asphyxia is severe, vital organs are affected, with resultant multiorgan 
hypoxic-iscahemic injury to the heart, the brain, adrenals and other organs. Study 
Aim: To evaluate for myocardial injury in asphyxiated term neonates with hypoxic 
ischaemic encephalopathy using serum cardiac troponin-I (cTnI). Methods: The 
study was a hospital-based descriptive cross-sectional study involving sixty term 
asphyxiated neonates and sixty gestational age-and sex-matched controls. The 
subjects were term neonates with five-minute Apgar score ≤ 6 and HIE while 
the controls were healthy term neonates with five-minute Apgar score > 6. Five-
minute Apgar score was utilized to classify asphyxia into mild, moderate and 
severe asphyxia. The degree of encephalopathy was determined by modified Sarnat 
and Sarnat criteria. The serum cTnI was measured in subjects and controls at 12-
24 hours of life using Enzyme-linked immunosorbent assay technique. The serum 
bilirubin levels were also measured in participants to exclude hyperbilirubinemia.  
Results: The median serum cTnI levels was significantly higher in the subjects 
(0.56ng/mL; 0.25-0.94ng/mL) than in the controls (0.50ng/mL; 0.00-0.67ng/
mL), respectively; p=0.001. Similarly, the median serum cTnI level in HIE 
stage II (0.56ng/mL; 0.38-0.72ng/mL) or III (0.56ng/ml; 0.50-0.94ng/mL) was 
also significantly higher than the median value in HIE stage I (0.38ng/mL;0.25-
0.72ng/mL) or in controls (0.50ng/mL; 0.00-0.67ng/mL); p<0.001. There was 
significant positive correlation between serum cTnI levels and severity of HIE 
in asphyxiated neonates (rs = 0.505, p < 0.001). Conclusion: serum cTnI levels 
were elevated in severely asphyxiated neonates with HIE. The concentration 
of serum cTnI demonstrated significant positive correlation with HIE severity. 
Hence, the presence of HIE in asphyxiated neonates should prompt an evaluation 
for myocardial injury using serum cTnI. Any derangement noted should warrant 
instituting cardiovascular support in order to improve outcome and reduce 
asphyxia-related mortality. 
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Introduction

In resource‑limited settings, birth asphyxia was defined 
by World Health Organization  (WHO) as the failure 

to initiate and sustain breathing at birth.[1] However, in 
resource‑replete settings, perinatal asphyxia, a broader 
time‑based term, refers to low oxygen or reduced blood 
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perfusion insult or injury to the fetus or newborn that 
is of substantial magnitude and duration as to produce 
persistent biochemical or functional changes.[2]

The timing of injury leading to perinatal asphyxia 
may be difficult to establish for an individual fetus or 
newborn, even though it can occur in the utero, during 
labor and the postnatal period due to impaired gaseous 
exchange.[3] Its occurrence at these time periods led to its 
classification as prepartum, intrapartum, and postpartum 
asphyxia.[4] The requirement for diagnosis of asphyxia 
includes a persistently low Apgar score, low blood 
pH, and an increased base deficit.[2] Despite the fact 
that Apgar score[5] assesses the condition  (Appearance, 
Pulse rate, Grimace, Activity and Respiratory rate) of 
a newborn at birth, it is insufficient for diagnosis of 
perinatal asphyxia.[6] In resource‑limited settings where 
there is scarcity of appropriate facilities for blood gas 
analysis and pH, the Apgar score has been used as a 
surrogate assessment for perinatal asphyxia, which is 
broadly classified as mild, moderate, and severe for 
Apgar scores of 6–7, 4–5, and 0–3, respectively.[7]

Globally, perinatal asphyxia remains a significant cause 
of neonatal mortality and morbidity.[8] In Nigeria, the 
incidence of perinatal asphyxia is 100–180/1000 live 
births and accounts for 16% to 55% of neonatal deaths,[9] 
while the prevalence of severe perinatal asphyxia in 
Enugu State University Teaching Hospital in Southeast 
Nigeria is 100/1000 live births.[10]

When severe perinatal asphyxia causes hypoxic 
ischemic encephalopathy  (HIE), it is considered 
significant because although the brain, heart, and 
adrenals are initially preferentially perfused, the 
occurrence of encephalopathy would signify that the 
asphyxia has become prolonged and/or increasingly 
severe.[11] From a pathophysiologic standpoint, after 
an asphyxia event, the dive reflex is activated.[12] The 
reflex consists of redistribution of cardiac output from 
the skin and splanchnic circulation to the more vital 
organs  (brain, heart, and adrenals).[12] However, with 
prolonged asphyxia, the more vital organs including 
the heart become subsequently compromised.[11] Given 
that the brain and heart are initially preferentially 
spared, perinatal asphyxia severe enough to cause 
brain injury most often also leads to cardiac injury.[11] 
In addition, myocardial injury causes loss of cerebral 
autoregulation.[13] Hence, when there is HIE, there is 
often a corresponding myocardial injury.

Generally, regardless of the underlying etiology, cardiac 
injuries often lead to elevation of serum cardiac proteins. 
Such proteins are the troponins. Troponin is an inhibitory 
protein complex located on the actin filament of the 

cardiac muscle, and its levels rise as a consequence of 
damage to cardiac myocytes.[14]

HIE is classified into three stages, Stage 1  (mild), 
stage 2 (moderate), and stage 3  (severe), by the 
widely used Sarnat and Sarnat classification,[15] which 
has undergone revision to become the modified 
Sarnat and Sarnat criteria, which obviate the use of 
an electroencephalogram, making it beneficial and 
applicable in resource‑restricted settings.[16]

In neonates, biomarkers of myocardial injury include 
troponin T, troponin I, and creatinine kinase‑MB. Among 
these markers, the serum cardiac troponin I  (cTnI) and 
cardiac troponin T  (cTnT) are more useful and reliable 
markers of myocardial injury.[17] In particular, studies 
have shown that serum cTnI display higher sensitivity 
and a better negative predictive value than creatinine 
kinase‑MB fraction  (CK‑MB) in detecting myocardial 
injury.[13,18] Despite the high sensitivity and specificity 
of serum cTnI in detecting myocardial injury, false 
positive elevation can occur and has been reported in the 
neonatal period due to some extraneous factors including 
hyperbilirubinemia.[19]

The presence of myocardial damage and its consequences 
such as shock increases the degree and severity of other 
organ damages including the brain, thereby elevating 
the risk of neurodevelopmental disability and death. 
As a result of this, the recognition and treatment of 
myocardial injury resulting from asphyxia become very 
relevant in order to reduce the morbidity and mortality 
arising from this condition.

This study was conducted to evaluate the presence or 
otherwise and degree of myocardial injury as coexisting 
with HIE in term asphyxiated neonates using serum 
cTnI assay in Enugu State University Teaching Hospital 
(ESUTH), Park Lane, a tertiary health care facility in 
eastern Nigeria in the West African subregion.

Materials and Methods
Study design
This was a hospital‑based descriptive cross‑sectional 
study.

Study area
The study was carried out in the Special Care Baby Unit 
(SCBU) of Enugu State University Teaching Hospital. 
The hospital is located in the Enugu North local 
government area of Enugu State in the southeastern part 
of Nigeria. Enugu state had a population of 3,267,837 
people at the last census in 2006 with a projected 
population increase to 4,411,100 in 2016, giving a 
population growth rate of 114,326 per annum.[2,12]
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The site is a tertiary referral health facility. The SCBU 
offers 24‑hour services to sick babies born within and 
outside the hospital and is located near the labor ward 
with an average delivery rate of 144 per month. It has 
an inborn and outborn section for babies delivered in 
the hospital and those born outside and referred to the 
hospital respective a newborn‑infant ventilator.

Study population
Study subjects
These were term neonates with a persistently low 
5‑minute Apgar score  ≤6 and HIE who were  ≤24 hours 
of life, admitted in inborn and outborn neonatal units.

The controls
These were normal healthy term neonates with a 
5‑minute Apgar score >6 who were still in the postnatal 
wards and aged ≤24 hours of life.

Ethical considerations
Ethical clearance was obtained from the Research and 
Ethics Committee of the Enugu State University Teaching 
Hospital, Park Lane, prior to the commencement of the 
study. Written informed consent was obtained from 
parents/caregivers of the selected neonates who took 
part in the study.

Sample size estimation
The sample size was calculated using the formula[20]

2

2

p (1 p) (A  B)n =
d

− +

The prevalence of myocardial damage among neonates 
with HIE using serum cTnI by Trevisanuto et al.[21] was 
77%, and using an attrition rate of 15%, we arrive at a 
sample size of 60 subjects and 60 controls.

Sampling method
The sampling method deployed is a multistage sampling 
method. At first, neonates who met the inclusion criteria 
were recruited consecutively (for subjects and controls) from 
the inborn/outborn wards of SCBU and the postnatal ward 
of the obstetric unit of ESUTH, Park Lane, respectively. 
The cases and control were recruited concurrently.

The selections continued until the required sample sizes 
were attained.

The subjects  (60) were then assessed and stratified 
(stratified sampling method) into mild, moderate, and 
severe HIE and continued to recruit consecutively until 
we achieve 20 subjects in each of the categories based 
on modified Sarnat and Sarnat stages 1 to 3.

Patient handling procedure
Inborn neonates with a 5‑minute Apgar score of ≤6 were 
considered for recruitment, and they became eligible 

when they develop HIE. First, physical examination 
was done to examine for the presence of any exclusion 
criteria  (like jaundice murmur). Then, the presence of 
HIE was determined by examining the babies every 
hour for the first 6 hours and then every 6 hours for the 
ensuing 18 hours. The HIE scores using the modified 
Sarnat and Sarnat system were serially documented as 
HIE stage I, II, or III. For an eligible neonate, a written 
informed consent was obtained from the parent/caregiver 
and a study questionnaire was administered.

Outborn babies: Only those referred within the first 12 
hours of life with Apgar scores  ≤6 at 5  minutes were 
considered eligible. Undocumented Apgar score outborn 
were excluded. All other procedures and considerations 
were as previously described for inborn babies.

The next was blood sampling, which was done at 
12–24 hours of life. Three milliliters of venous blood 
was collected into two plain bottles for serum cTnI 
(1.5 mls) and total and conjugated bilirubin (1.5 ml).

The New Ballard score and first trimester ultrasound 
report where available were used to determine the 
infant’s gestational age in cases of unsure dates  (last 
menstrual period). This is then utilized in Sanart and 
Sanart HIE staging.

Term neonates  ≤24 hours of life with a persistently 
low 5‑minuite Apgar score  ≤6 in the presence of HIE 
determined by modified Sarnat and Sarnat criteria, whose 
parents or caregivers gave written informed consent, were 
recruited. Infants that are preterm, had cardiac murmur, 
had persistent central cyanosis with SpO2  ≤  92%[22] post 
asphyxia resuscitation, with craniofacial or thoracic 
congenital malformation, and with neonatal jaundice 
were excluded from the study. The controls were normal 
nonasphyxiated  (Apgar score  >  6) term neonates who are 
matched for gestational age at birth and sex. With respect to 
gestational age, controls were matched with cases for ranges 
such as 37–38 weeks, 39–40 weeks, and 41–42 weeks.

Serum cardiac troponin I assay was determined by the 
enzyme‑linked immunosorbent assay (ELISA) technique 
modified after Engvall and Periman.[23] The Cell Biolabs’ 
Human Cardiac Troponin I ELISA Kit  (Cell Biolabs, 
Inc., San Diego, California, 2016) with an analytical 
sensitivity of 0.05  ng/mL and a sample volume of 
100 µL/well were used for serum cTnI assay runs.

Data analysis
The data obtained were cleaned and coded for analysis 
using Statistical Package for Social Sciences  (SPSS) 
version  23.[24] Categorical variables like gender were 
summarized using frequencies and percentages. Continuous 
variables such as age and serum cTnI were described using 
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median and interquartile range as the distribution curve 
was not symmetric. Serum cTnI levels were compared 
between subjects, controls, and HIE stages using Mann–
Whitney U and Kruskal–Wallis tests. Chi  square was 
used to compare categorical variables, while Spearman’s 
correlation analysis was done between HIE stages and 
serum cTnI levels. All tests were regarded as significant 
at P values less than 0.05. Results are presented in tables.

Results
A total of 101 neonates were sampled for inclusion as 
asphyxiated subjects during the period of the study. 
Thirty‑one subjects were initially excluded, of which Apgar 
score was not documented in 21 and caregivers refused 
consent in ten subjects. Out of the remaining 70 subjects 
who developed HIE following assessments, an additional 
ten were excluded, of which two on closer examination 
had murmur, three died before 12 hours of life, and serum 
bilirubin was above the 95 percentile in five neonates. 
Thus, 60 babies who met the study criteria were recruited 
as subjects. Similarly, 60 out of the 80 prospective 
controls were recruited as 20 were excluded  (ten babies 
were discharged before time of sampling, five parents 
refused consent, and five babies did not match the subjects 
based on gestational age and gender). Forty‑eight (80%) of 
the subjects were outborn, while 12  (20%) were inborn. 
All controls were inborn. The mean serum bilirubin 
levels in subjects and controls were 64  ±  28.95  (µmol/l) 
and 72  ±  32.51  (µmol/l), respectively, and these were 
less than 95 percentile using the Bhutani normogram of 
hour‑specific total serum bilirubin concentration.[25]

Demographic characteristics of the study 
population
Subjects and controls were similar in the distribution 
of gender, gestational age, and age at sampling 

and evaluation of serum cTnI assay. For both 
groups  (subjects and controls), each had 24  (40%) 
males and 36 (60%) females with a male to female ratio 
of 2:3. The population distribution curve of the study 
population was skewed, justifying the appropriateness of 
using median. The median age of the study population at 
the time of serum cTnI assay was 15 hours, with a range 
from 12 to 24 hours. The serum cTnI assay evaluation 
was done in 74 (61.7%) of the study population between 
12 and 17 hours of life, while the remaining 46 (38.3%) 
of the participants had their evaluation between 18 and 
24 hours of life. Also, the median gestational age of the 
study population was 38.5  weeks, ranging between 37 
and 42 weeks. The age at sampling, gestational age, and 
the sex distribution of the study population are shown in 
Table 1.

Distribution of Apgar scores of the study 
population
At 5  minutes of life, 16  (26.7%) of the subjects had 
severe asphyxia, while 44  (73.3%) had moderate 
asphyxia. All the 60 controls at the 5  minutes were 
vigorous infants without asphyxia.

Distribution of HIE in the subjects
At 12–24 hours of life, there were 20 asphyxiated 
neonates with HIE stage 1, 20 asphyxiated neonates 
with HIE stage 2, and 20 asphyxiated neonates with HIE 
stage 3.

Distribution of the variables: Serum cTnI, age at 
evaluation, and gestational age
The normality test for the pattern of distribution of 
the variables showed a non‑Gaussian distribution. The 
variables were not normally distributed as indicated 
by the significant values of Kolmogorov–Smirnov and 
Shapiro–Wilk tests for both subjects and controls.

Table 1: Demographic characteristics of the subjects and controlsa

Variable Subject n=60 Control n=60 Total n=120 χ2 P
Sex

Male 24 (40.0) 24 (40.0) 48 (40.0) 0.000 1.000
Female 36 (60.0) 36 (60.0) 72 (60.0)
Total 60 (100.0) 60 (100.0) 120 (100.0)

Age at evaluation (hours)
12–17 37 (61.7) 37 (61.7) 74 (61.7) 0.000 1.000
18–24 23 (38.3) 23 (38.3) 46 (38.3)
Total 60 (100.0) 60 (100.0) 120 (100.0)

Gestational age, (weeks)
37–38 30 (50.0) 30 (50.0) 60 (50.0) 0.000 1.000
39–40 28 (46.7) 28 (46.7) 56 (46.7)
41–42 2 (3.3) 2 (3.3) 4 (3.3)
Total 60 (100.0) 60 (100.0) 120 (100.0)

Median time of sampling=15.00 h, range of age at evaluation 12–24 h, median GA=38.50 weeks (range 37–42 wks). aValues in parenthesis 
are percentages of n
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The median serum cTnI in asphyxiated term neonates 
with HIE  (subjects) was 0.56  ng/mL with a range 
of 0.25  ng/ml to 0.94  ng/ml and an interquartile 
range of 0.5 to 0.66  ng/mL. Similarly, the median 
serum cTnI in controls was 0.50  ng/mL, ranging 
from 0.00  ng/ml to 0.67  ng/ml with an interquartile 
range of 0.25 to 0.61  ng/mL. The median serum cTnI 
levels were significantly higher in subjects than in 
controls (P = 0.001) as shown in Table 2.

Distribution of serum cTnI based on the stage of 
HIE
For stage I HIE, the median concentration 
was 0.38 ng/mL, the interquartile range was 
0.25–0.56 ng/mL, and the minimum–maximum range 
was 0.25–0.72  ng/mL. Similarly, in stage II HIE, 
the median level was 0.56  ng/mL, the interquartile 
range was 0.50–0.59  ng/mL, and the minimum–
maximum range was 0.38–0.72  ng/mL. Last, the 
median concentration of serum cTnI in HIE stage III 
was again 0.56 ng/mL, the interquartile range was 
0.56–0.86 ng/mL, and the minimum–maximum range 
was 0.50–0.94 ng/mL [Table 3].

Pairwise statistical comparison as shown in Table  3 
revealed that patients with stages II and III HIE had 
higher levels of cTnI when compared with stage I and 
controls. The median value of cTnI in HIE stage II was 

significantly higher than that of HIE stage I. Also, the 
median cTnI in HIE stage II was similarly significantly 
higher than that of controls. Likewise, the median cTnI 
value in stage III HIE was significantly higher than the 
median cTnI in stage I and controls. It is however worth 
noting that the minimum–maximum range of cTnI was 
particularly higher in HIE stage III than in controls, a 
pattern that is maintained though at a smaller scale 
across the other different stages of HIE in comparison 
to controls. On the contrary, the median value of cTnI in 
controls was higher than in stage I HIE. However, there 
was no difference in median value between stages II and 
III HIE.

Relationship between serum cTnI levels and the 
severity of HIE in subjects
Using Spearman’s rho correlation to determine the 
relationship between cTnI and HIE severity, there was 
a significantly positive correlation between serum cTnI 
levels and severity of HIE in subjects  (rs  =  0.505, 
P < 0.001), Table 4.

Discussion
Severe perinatal asphyxia causes brain and myocardial 
ischemic injury as part of multiorgan injury. Brain 
involvement of varying degrees of severity is often 
clinically assessed. Although the myocardial injury 
resulting from asphyxia can also be evaluated clinically, 
the use of serum cardiac troponins is more beneficial 
given that the serum cTnI is a sensitive and specific 
biomarker of myocardial cell death.[13,18]

The serum cTnI concentration among healthy neonates 
described in the index study falls below 1.8  ng/mL, 
which has been reported earlier by Bader et al.[26] as the 
upper limit of normal cTnI but lies within that of Turker 
et  al.[27]  (0.09–1.8  ng/mL) in Turkey and Pal et  al.[28] in 

Table 4: Correlation between serum cTnI concentration 
and the severity of HIE in subjects

Variable HIE
cTnI (ng/ml)

Spearman’s rho correlation coefficient 0.505
P <0.001
n 60

cTnI, cardiac Troponin I; HIE, hypoxic‑ischemic encephalopathy

Table 2: Comparison of the serum levels of cTnI between subjects and controls
Subject (n=60) Control (n=60) Mann–Whitney P

cTnI (ng/mL)
Median 0.56 0.50 1198.50 0.001*
Minimum–maximum 0.25‑0.94 0.00‑0.67
Interquartile rangeb (0.50‑0.66) (0.25‑0.61)

*Kruskal Wallis test, cTnI, cardiac troponin I. b(25th-75th percentile)

Table 3: Comparison of serum levels of cTnIin controls with the levels in different stages of HIE
Asphyxiated group (n=60) Control 

group (n=60)
P

Stage I HIE (n=20) Stage II HIE (n=20) Stage III HIE (n=20)
cTnI (ng/mL)

Minimum–maximum 0.25‑0.72 0.38‑0.72 0.50‑0.94 0.00‑0.67 <0.001*
Median 0.38 0.56 0.56 0.50
Interquartile range (0.25‑0.56) (0.50‑0.59) (0.56‑0.86) (0.25‑0.61)

*Kruskal Wallis test
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India, 0.60  ng/mL  (0.20–1.00  ng/mL). However, a later 
study by Gouda et  al.[13] and Jiang et  al.[29] recorded 
lower values of 0.02  ng/mL (0.01–0.03  ng/mL) and 
0.016  ng/mL  (0.000–0.094  ng/mL), respectively, among 
healthy neonates. This variation in cTnI level may be 
due to differences in sensitivities of the assay kits as 
the kit used by Jiang et  al.[29] had a lower sensitivity 
of 1.1 to 1.9  ng/mL as opposed to the index study 
(0.05  ng/mL), while Gouda et  al.[13] had a higher 
sensitivity (0.006 Ng/Ml).

In comparison to the healthy neonates, the asphyxiated 
term neonates with HIE, in this study, had significantly 
increased serum cTnI concentrations. This finding could 
be explained by the fact that when perinatal asphyxia 
becomes severe and/or prolonged, the initially protective 
dive reflex subsequently fails to protect the more vital 
organs including the heart, brain, and adrenal glands, 
leading to hypoxic‑ischemic injury to the myocardium, 
which results in myocardial cellular death and release of 
cTnI into the blood stream with subsequent elevation of 
serum cTnI levels.[21]

Studies have earlier reported that the levels of serum 
cTnI in asphyxiated neonates were significantly higher 
than that of controls,[13,21] which is in agreement with 
the findings of this study. A geographically similar study 
done by Gouda[13] and colleagues in 2017 appears to 
be the closest to this study to the best knowledge of 
the researcher. The median  (interquartile range) value 
of 0.10  ng/mL  (0.07–0.30  ng/mL) and a P  value of 
0.000 reported by Gouda et  al.[13] compare favorably 
with index study. Apart from kit sensitivity discussed 
earlier, another methodological difference is the timing 
of the assay. This study conducted cTnI assay between 
12 and 24 hours of life, a time that included the peak 
levels, while the study by Gouda was done within 
12 hours of life before the attainment of peak levels of 
cTnI; hence, the lower values as they may have sampled 
before the peak level are reached. It is worthy of note 
that the two studies used a similar cTnI determination 
method  (quantitative ELISA). In another related study, 
using a heterogeneous immunoassay module  (RxL‑HM, 
Dade Behringer), Trevisanuto et  al.[21] recorded a 
slightly lower median cTnI value of 0.36  ng/mL with 
a much wider range  (0.05–11  ng/mL) compared to 
the index study  (0.25–0.94  ng/mL). This variation 
could be explained by a number of factors. First, 
the study by Trevisanuto et  al.[21] recruited preterm/
low‑birth‑weight neonates who are prone to jaundice, 
a confounding variable that has been shown to cause a 
false increase in cTnI level.[19] Another possible reason 
for the difference in range is the frequent occurrence 
of respiratory distress syndrome in preterm neonates 

that have been documented to result also in high cTnI 
levels.[30] Additionally, congenital heart defect was not 
excluded in the study by Trevisanuto et  al.,[21] which 
is also a confounding variable that causes elevation in 
cTnI levels.

Furthermore, in this study, significantly higher levels 
of serum cTnI were observed with increasing stages of 
HIE. This was noted between HIE stages I and II and 
between stages I and III HIE. The finding of higher 
levels of serum cTnI in increasing stages of HIE is 
in agreement with the reports of Simović et  al.[31] and 
Shastri et  al.[32] This finding of a direct relationship 
between serum cTnI levels and HIE stages could 
be explained by the fact that the myocardial injury 
secondary to severe perinatal asphyxia ultimately leads 
to loss of cerebral autoregulation, resulting in severe 
encephalopathy and myocardiopathy.[21] Also, Gouda 
et  al.[13] corroborated this finding and noted that the 
higher the degree of myocardial injury, the more the 
severity of encephalopathy. He even viewed serum 
cTnl as an HIE‑related biomarker.[13] This serum cTnl 
and HIE severity relationship was also corroborated by 
Shastri and colleagues.[32]

The index study noted no significant difference between 
the median value of cTnI in stages II and III HIE, which 
could be explained by the fact that when the degree of 
cardiac injury reaches a peak, the worsening of HIE will 
continue even without further cardiac injury.[13,18] This 
observation was corroborated by Shastri et al.[32]

Furthermore, contrary to expectation, this study 
also noted that the median  (range) values of cTnI 
in HIE stage 1 were lower than the median  (range) 
values in controls. This unexpected observation is in 
agreement with the finding by Montaldo et  al.,[18] who 
demonstrated that the median value of cTnI in HIE stage 
1  (0.09 ng/mL) was lower than the value  (0.19 ng/mL) 
in neonates without encephalopathy. It is noteworthy 
that in the study by Montaldo et  al.,[18] the neonates 
without encephalopathy included both asphyxiated 
without HIE and healthy neonates which can influence 
the cTnI levels.[18] Equally important is the fact that 
arterial blood‑gas analysis was not used as a diagnostic 
criterion for asphyxia in all participants in their study as 
acidosis in a neonate with an apparently normal Apgar 
score hightens the odds for adverse outcomes in terms 
of asphyxia.[13] This can again explain the high value 
of serum cTnI in controls noted in the index study 
as relying on Apgar score alone to exclude asphyxia 
without concomitant arterial blood‑gas analysis could 
lead to potentially missing out some asphyxiated babies 
and including them as controls.



Nwankwo, et al.: Serum cardiac Troponin I, myocardial injury and asphyxiated term neonates

798 Nigerian Journal of Clinical Practice  ¦  Volume 27  ¦  Issue 6  ¦  June 2024

Finally, the index study noted female preponderance with 
perinatal asphyxia and HIE, which contradicts the result of 
previous studies that reported male predominance.[10,33] The 
observed disparity could be due to differences in sample 
size and methodology used as these previous studies were 
incidence studies with larger sample sizes.[10,33] Another 
possible reason for this finding could be due to a higher 
birth rate of females during the study period.
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