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Background. Clear risk profiles of neonates with mild and moderate hypoxic-ischaemic encephalopathy (HIE) are lacking.

Objective. To describe and compare factors associated with mild and moderate HIE in South African neonates.

Methods. A prospective, comparative design was used to describe factors among South African neonates with mild (n=13) and moderate
(n=33) HIE in an urban tertiary academic hospital. HIE diagnosis and encephalopathy grading were conducted using the modified Sarnat
stages. Thompson scores were recorded. Participants’ clinical records were reviewed to identify factors. Descriptive data were obtained.
Chi-square and Fisher’s exact tests were used to compare categorical data, and Mann-Whitney tests were used to compare continuous data
between groups.

Results. Significant differences were found between groups’ admission (p<0.001) and highest Thompson scores (p<0.001). The mild
groups APGAR scores were significantly higher than those of the moderate group at five (p=0.012) and ten minutes (p=0.022). Duration
of resuscitation (p=0.011) and time to spontaneous respiration (p=0.012) also differed significantly between groups. Significantly more
moderate than mild participants received therapeutic hypothermia (TH) (p<0.001).

Conclusion. Clinical tests and management factors differed significantly between groups. The findings provided the multidisciplinary
team with an increased understanding of the heterogeneous HIE population and add to existing evidence for identifying neonates eligible
for TH in resource-limited settings.
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Hypoxic-ischaemic encephalopathy (HIE) is the fifth leading cause
of death in children under five years globally and is a significant
problem in low- and middle-income countries (LMICs)."? Among
survivors, HIE is a significant cause of cerebral palsy, seizures, sensory
impairment, learning difficulties, cognitive or behavioural fallouts,
and communication difficulties.”>* HIE, therefore, has a profound
burden of disease.”

The HIE population is heterogeneous, with different clinical
pictures and recovery patterns.>* Using the modified Sarnat
stages and/or Thompson score, HIE can be graded as mild,
moderate or severe.*7” This grading can contribute to long-term
prognostication, clinical decision-making and parent counselling
because individual outcomes are often linked with severity of
the neonatal condition.”! Owing to the high incidence of HIE
in LMICs and associated health concerns, the multidisciplinary
team (MDT) requires a thorough understanding of HIE across
severity types. Factors such as lack of antenatal care, intra-uterine
growth restriction, prolonged second stage of labour, meconium-
stained amniotic fluid, eclampsia and lower socio-economic status
were previously linked to HIE in LMICs.*%1 However, gaps in
research, including dated studies, retrospective designs and lack
of universally accepted HIE definitions, exist. Also, few studies
compared factors between severity types, often grouping moderate
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and severe infants together or comparing survivors and non-
survivors.[®!!

Severe HIE has previously been researched and it is widely accepted
that this neonatal group is at a significantly higher risk of mortality and
major neurodevelopmental impairment.“®!! Conversely, neonates
with moderate HIE are more variable and their outcomes more
difficult to predict.™ Similarly, neonates with mild HIE frequently
escape attention, despite mild HIE being more prevalent than moderate
and severe HIE in many contexts and there being evidence suggesting
adverse neurological and long-term developmental outcomes in this
group.!? The present study aimed to describe and compare factors
associated with mild and moderate HIE in a sample of South African
neonates.

Methods
A prospective, comparative design was used to describe factors among
46 neonates with mild and moderate HIE during admission to the
29-bed neonatal high-care unit of an urban tertiary academic hospital
in South Africa between October 2018 and January 2020. Approval to
conduct the study was obtained (protocol number 380/2018).
Neonatal encephalopathy was suspected to be secondary to an
acute peri- or intrapartum event if participants presented with
encephalopathy (disturbed neurological function manifested as an
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abnormal level of consciousness or seizures, possibly accompanied
by respiratory difficulties and decreased tone and/or primitive
reflexes), and had APGAR scores <5 at 5 and 10 minutes, or had
evidence of fetal acidaemia (arterial umbilical cord blood gas or
radial artery blood gas done within 60 minutes of delivery with a
pH <7.0 or a base deficit 212 mmol/L).">'*l Encephalopathy grading
was performed using the modified Sarnat stages and was confirmed
by a neonatologist.l® Serial modified Sarnat scores were performed
during the first 6 hours of life and, if there was progression of
disease, the worse staging was assigned to the participant. Thompson
scores were conducted daily until day 10 of life. Participants’ first,
highest and day seven Thompson scores were recorded where
available."”! Eligible neonates were born =37 weeks’ gestation, using
the most reliable information available, in order of preference being:
ultrasound before 22 weeks’ gestation, sure dates or new Ballard
score.l'”! Non-probability purposive sampling was used to recruit
neonates meeting inclusion criteria.

Neonates with genetic syndromes, major congenital
abnormalities, metabolic disease, meningitis, structural brain
abnormalities, intracerebral or intraventricular haemorrhage,
congenital hydrocephalus or perinatal stroke were excluded. Sixty-
two neonates with mild or moderate HIE were identified. Sixteen
were excluded for: lack of consent (n=7), demise before consent
(n=2), meningitis (n=5), maternal myasthenia gravis (n=1) and
Down syndrome (n=1). Forty-six participants were included in the
study; 28.3% (n=13) had mild HIE and 71.7% (n=33) had moderate
HIE.

Participants’ clinical records were prospectively reviewed, and
a checklist of factors related to the neonate and mother was used
to capture data.[®*!°! The SPSS statistical software package, version
26.0 (IBM Corp., USA), was used for all statistical analyses, except
for the power calculation, which was done using G*Power version
3.1.9.4 (Heinrich Heine Universitit, Disseldorf). Factors from
participants’ clinical records comprised categorical and continuous
variables and, for the latter, the Shapiro-Wilk test was used to
test normality."”? As normality was not detected, non-parametric
tests were used. Chi-square and Fisher’s exact tests were used to
compare categorical data, and Mann-Whitney tests were used to
compare continuous data between mild and moderate groups. For
alevel of significance of 0.05, the study’s achieved power was 0.839,
which is above the minimally acceptable achieved power of 0.8.1'¢!

Results
Participants (n=46) were divided into two groups based on whether
they had mild (n=13) or moderate (n=33) HIE. Admission and highest
Thompson scores were recorded for 44 participants (Table 1). The
mild group had significantly lower admission (p<0.001) and highest
Thompson scores (p<0.001) than the moderate group. Day seven
scores were recorded for the minority of the sample (n=5; 10.9%).
Factors investigated were categorised as follows: antepartum,
intrapartum, maternal, environmental and management factors.

Antepartum factors

Most participants were male (n=29; 63.0%), with a median gestation
of 38.5 weeks. Antepartum factors did not differ significantly between
groups (Table 2).

Intrapartum factors

Intrapartum factors included clinical tests such as APGAR scores,
arterial pH and base deficit values (Table 3). The mild groups APGAR
scores were significantly higher than those of the moderate group at
five (p=0.012) and 10 minutes (p=0.022).
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Mode of delivery and birth complications were also investigated but
did not differ significantly between groups (Table 4). Sentinel events
included the second twin being retained for more than one hour
(n=2) and placental abruption (n=1). Birth complications other than
those in Table 4 included breech presentation (n=6); transfer during
labour (n=3); poor maternal effort (n=2); unco-operative mother
(n=2); aspiration of blood by neonate (n=2); failed induction of
labour (n=1); low-lying placenta (n=1); antepartum haemorrhage
(n=1); prolonged latent stage of labour (n=1); maternal seizure at
birth (n=1); eclampsia (n=1); and one case where the participant
was born in the Casualty Department of a referring hospital. Some
participants presented with more than one birth complication.

Maternal factors

Maternal factors did not differ significantly between groups
(Table 5). The median maternal age was 27.0 years (minimum
15.0 years, maximum 44.0 years). Seven mothers (15.2%) were
teenagers (<20 years), and four (8.7%) were of advanced maternal
age (235 years). Most mothers were primigravida (n=31; 67.4%),
with 53.8% of mild participants’ (n=7) and 72.7% of moderate
participants’ mothers (n=24) following this trend. Nine mothers
(19.6%) were HIV positive; all of them used antiretrovirals (ARVs)
during pregnancy. Two mothers used other medications; one used
methyldopa and the other used herbal medication. Two mothers had
urinary tract infections, and one reported a green vaginal discharge
during pregnancy. The following maternal diseases were recorded:
obesity (n=2); pre-eclampsia (n=2); gestational diabetes mellitus
(n=2); drug-induced jaundice (n=1); elevated low-density lipoprotein
(LDL) cholesterol (n=1); and gestational hypertension (n=1).

Environmental factors

Few clinical records reflected environmental factors such as parental
marital or employment status. Participants came from urban (n=36;
78.3%) and peri-urban areas (n=9; 19.6%) and were mostly born at
the hospital where the study was conducted (n=33; 71.7%). Statistically
significant differences were not observed between groups.

Management factors

Thirty-six participants (78.3%) (eight mild (61.5%) and 28 moderate
(84.8%)) required resuscitation at birth. Two participants (4.3%)
received naloxone. No significant differences existed between groups’
components of resuscitation (Table 6). Resuscitation duration
differed significantly between groups (p=0.011). Overall, the median
resuscitation duration was three minutes, with the moderate group
requiring longer resuscitation than the mild group (median 5.0
minutes v. median 0.0 minutes). Length of time to spontaneous
respiration was recorded in 20 participants’ files and also differed
significantly between groups (p=0.012), with the moderate group
experiencing longer times to spontaneous respiration than the mild
group (median 5.0 minutes v. median 0.0 minutes).

Thirty-six participants (78.3%) received whole-body therapeutic
hypothermia (TH), where core body temperature was kept at 33.5°C
- 34.5°C for 72 hours using servo-controlled methods (n=33; 91.2%)
or frozen gel packs (n=3; 8.3%). Significantly more moderate (n=32;
97.0%) than mild participants (n=4; 30.8%) received TH (p<0.001).
Overall, 10 participants (21.7%) did not receive TH; nine (90.0%)
did not meet eligibility criteria and one participant (10.0%) was too
unstable.

Discussion
Of the 46 participants, 28.3% (n=13) presented with mild and
71.7% (n=33) presented with moderate HIE. Although it is often
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Table 1. Admission, highest and day seven Thompson scores of participants

Scores, mean (SD) median

Thompson score Overall Mild Moderate p-value
Admission* 8.6 (3.71) 8.0 5.4 (2.71) 5.0 9.8 (3.33) 10.0 <0.001
Highest* 9.2 (3.92) 9.5 5.5 (2.61) 5.0 10.6 (3.42) 10.5 <0.001
Day 71 6.8 (4.15) 7.0 6.5(7.78) 6.5 7.0 (2.00) 7.0 1.000

*Qverall (N=44); mild (n=12); moderate (n=32).
fOverall (N=5); mild (n=2); moderate (n=3).

Table 2. Antepartum factors of participants

Factors Overall (n=46), n (%)* Mild (n=13), n (%)* Moderate (1=33), n (%)* p-value
Male 29 (63.0) 11 (84.6) 18 (54.5) 0.090
Gestational age, weeks, mean (SD) median 38.8 (1.50) 38.5 38.7 (1.38) 38.0 38.9 (1.56) 39.0 0.763
Birth weight, grams, mean (SD) median 3081.2 (466.59) 3 097.5 3128.5(438.32) 3 300.0 3062.6 (482.53) 3 009.0 0.575
Anthropometry 1.000

SGA 7 (15.2) 2 (15.4) 5(15.2)

AGA 38 (82.6) 11 (84.6) 27 (81.8)

LGA 1(2.2) 0(0.0) 1(3.0)

Twins 5(10.9) 3(23.1) 2 (6.1) 0.128
Antenatal care 1.000

Received 23 (50.0) 6 (46.2) 17 (51.5)

Not received 3 (6.5) 1(7.7) 2(6.1)

Not specified 20 (43.5) 6 (46.2) 14 (42.4)

*Unless otherwise stated.
SGA = small for gestational age; AGA = appropriate for gestational age; LGA = large for gestational age.

Table 3. Clinical tests conducted on participants

Values, mean (SD) median

Factors Overall (n=46) Mild (n=13) Moderate (n=33) p-value
APGAR at 1 min 3.7 (1.83) 3.0 4.4 (2.26) 4.0 3.4 (1.58) 3.0 0.173
APGAR at 5 min 6.0 (1.65) 6.0 6.9 (1.66) 7.0 5.7 (1.53) 6.0 0.012
APGAR at 10 min 7.4 (1.60) 8.0 8.7 (1.03) 9.0 7.1 (1.58) 7.0 0.022
Arterial pH 7.1 (0.15) 7.1 7.1 (0.09) 7.1 7.1(0.17) 7.1 0.235
Base deficit, mmol/L 18.2 (3.49) 17.9 17.5 (2.68) 16.8 18.5(3.77) 18.1 0.374

Table 4. Mode of delivery and birth complications

Factors Overall (n=46), n (%) Mild (n=13), n (%) Moderate (n=33), n (%) p-value

Mode of delivery
NVD 19 (41.3) 8 (61.5) 11 (33.3) 0.104
Assisted delivery* 10 (21.7) 1(7.7) 9(27.3) 0.240
Caesarean section 19 (41.3) 5(38.5) 14 (42.4) 1.000

Birth complications
Cephalopelvic disproportion 5(10.9) 2 (15.4) 3(9.1) 0.612
PROM 0(0.0) 0(0.0) 0(0.0) Not applicable
Meconium-stained amniotic fluid 17 (37.0) 5(38.5) 12 (36.4) 1.000
Nuchal cord 1(2.2) 0(0.0) 1(3.0) 1.000
Failed vacuum delivery* 2 (4.3) 1(7.7) 1(3.0) 0.490
Fetal distress 11 (23.9) 1(7.7) 10 (30.3) 0.141
Prolonged second stage of labour 16 (34.8) 4(30.8) 12 (36.4) 1.000
Sentinel events 3 (6.5) 1(7.7) 2 (6.1) 1.000

*Two participants (one from each group) experienced failed vacuum (-assisted) deliveries and required caesarean sections.
NVD = normal vaginal delivery; PROM = premature rupture of membranes.
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Table 5. Maternal factors of participants

Factors Overall (n=46), n (%)*

Mild (n=15), n (%)* Moderate (n=31), n (%)* p-value

Age, years, mean (SD) median 27.1 (6.49) 27.0

Parity, mean (SD) median® 1.5(1.01) 1.0
HIV status

Positive 9 (19.6)

Negative 37 (80.4)
Use of other medication* 2 (4.3)
Infection 3(6.5)
Disease 9(19.6)
Fever 1(2.2)

*Unless otherwise stated.

26.4 (5.14) 27.0 27.4(7.02) 27.0 0.716

1.7 (0.89) 1.0 1.5 (1.06) 1.0 0.322

2(15.4) 7 (21.2) A0

11 (84.6) 26 (78.8)

2(15.4) 0 Not applicable
1(7.7) 2(6.1) 1.000

3(23.1) 6(18.2) 0.698

0 (0.0) 1(3.0) 1.000

Parity only indicated in 45 participants’ records, therefore overall (n=45); mild (n=12); moderate (n=33).

*Refers to medication other than antiretrovirals (ARVs).

Table 6. Components of resuscitation received by participants

Component Overall (n=46), n (%) Mild (n=13), n (%) Moderate (n=33), n (%) p-value
Initial stabilisation only 7 (15.2) 0(0.0) 7 (21.2) 0.166
PPV 34 (73.9) 8 (61.5) 26 (78.8) 0.276
Chest compressions 8(17.4) 1(7.7) 7 (21.2) 0.409
Adrenaline 5(10.9) 1(7.7) 4 (12.1) 1.000

PPV = positive pressure ventilation.

estimated globally that 50.0% of neonates with HIE are mild,"*
the distribution of HIE in the present study is similar to other
South African findings, where moderate and severe categories
account for greater proportions of the HIE population.”® This study
used the modified Sarnat stages and not Thompson scores to grade
participants.*”) Although Thompson scoring has limitations and may
be influenced by factors such as TH and sedation," this study suggests
that allocating Thompson scores remains important, as demonstrated
by the significant differences between groups for admission and
highest Thompson scores. Furthermore, the median admission and
highest Thompson scores for the mild (5.0 and 5.0) and moderate
groups (10.0 and 10.5) are similar to a recent publication that suggests
that the mild modified Sarnat stages align with a Thompson score
of 5 - 6 and that the moderate modified Sarnat stages align with a
Thompson score of 7 - 13.12

When comparing factors between mild and moderate groups,
neither biological factors such as antepartum and maternal factors,
mode of delivery and birth complications, nor environmental factors
differed significantly. Management factors such as resuscitation
duration and length of time to spontaneous respiration, and clinical
tests such as five- and 10-minute APGAR scores were the only factors
that could distinguish the two groups.

Similar to findings of Padayachee and Ballot,"") the median gestation
of participants was 38.5 weeks. The majority of study participants
were male (n=29; 63.0%), which is comparable with other studies
in LMICs.®! As with other African studies, most mothers were
primigravida (n=31; 67.4%).*'°'") The median maternal age was 27.0
years, which is higher than that of other studies.®*'"! This may reflect
the global pattern of increasing maternal age.?!! Seven participants
(15.2%) were born to teenage mothers, and four (8.7%) to mothers
of advanced age. Childbearing during these years may pose increased
risks to mothers and neonates.?'!

The median birthweight was 3 097.5 g, and 82.6% (n=38) of
participants had appropriate growth for gestational age. Only 15.2%
(n=7) of participants were small for gestational age (SGA). This differs
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from other studies where intra-uterine growth restriction was the
most common antepartum factor associated with HIE.?? Of the entire
sample, 19.6% (1n=9) were born to mothers who were HIV positive;
this figure is lower than the reported prevalence of 25.9% among
neonates with HIE.®! All affected mothers in the study took ARVs
during pregnancy. Only 50% (n=23) of mothers attended antenatal
care, which is much less than mothers of infants with HIE in other
South African studies, where 95.6% and 68.0% received antenatal care,
respectively.*!!! This difference may be due to poor record-keeping.

The present study found that both five- and 10-minute APGAR
scores were significantly associated with HIE severity, while previous
studies only reported a significant association between the 10-minute
APGAR score and severity of HIE.®?! An arterial cord or radial pH
level taken within 60 minutes after birth of less than 7.0, often plays a
key role in identifying an intrapartum hypoxic event.!'*! However, the
median pH levels of both groups exceeded 7.0 in this study. As arterial
blood gas analysis provides a representation of a neonate’s respiratory
and metabolic status, one of the factors contributing to the arterial
pH exceeding 7.0 in this study may be secondary to a low partial
pressure of arterial carbon dioxide (PaCO,) influencing pH levels in
spontaneously breathing acidotic infants.!!

The proportion of participants requiring resuscitation increased as
HIE severity increased, and resuscitation duration and length of time
to spontaneous respiration were significantly higher for the moderate
group. Although the need for resuscitation at birth and resuscitation
components such as need for chest compressions or adrenaline were
previously significantly associated with poorer outcomes in neonates
with HIE, these were not significantly associated with HIE severity in
the present study.®!"!

TH was the main neuroprotective strategy implemented among
participants and, as expected, significantly more moderate participants
received TH. As per international recommendations and the neonatal
unit’s protocol, participants with moderate HIE received TH routinely,
unless too unstable (n=30; 96.8%). Although there are currently no
recommendations for providing TH to neonates with mild HIE, four
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participants with mild HIE inadvertently received TH (30.8%). This
trend is reflected in numerous studies from other countries.!

There is a paucity of literature on neonates with mild HIE, and
neonates with moderate HIE are variable, with outcomes that are
difficult to predict. Obtaining clearer risk profiles of neonates with
mild v. moderate HIE may help the MDT better understand these
populations, to utilise resources such as TH more effectively.

Study limitations include no participants living in rural areas
and incomplete information on participants’ environmental factors,
antenatal care and day seven Thompson scores. Future research
should use complete clinical records and should include participants
living in rural areas. Large-scale prospective studies in LMICs are
also warranted to further investigate factors associated with different
stages of HIE. The potential for early factors associated with HIE to
predict later outcomes should also be explored.

Conclusion

This study used strict inclusion criteria and prospective methods to
describe and compare factors associated with mild and moderate
HIE, two distinct severity types with less clear risk profiles than their
severe counterparts. Results showed significant differences between
the groups, confirming the value of performing various clinical
measures. Management factors such as resuscitation duration,
length of time to spontaneous respiration and TH, and clinical tests
such as five- and 10-minute APGAR scores differed significantly
between participants with mild and moderate HIE. Conversely, other
biological and environmental factors could not distinguish groups.
Admission and highest Thompson scores were significantly lower
in participants with mild compared with moderate HIE, indicating
that performing the Thompson score remains important. These
findings provide the MDT with an increased understanding of the
heterogeneous HIE population and adds to existing evidence for
identifying neonates eligible for TH in resource-limited settings.
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