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Abstract
Background: Hypoxic-ischemic encephalopathy (HIE) is a leading cause of neonatal mortality and long-term neurodevelopmental 
impairment, especially in resource-limited settings. It arises due to inadequate oxygen and blood flow to the brain during the perinatal 
period.
Aim: To evaluate the management strategies and short-term clinical outcomes of neonates diagnosed with HIE at Atbara Teaching 
Hospital NICU, Sudan.
Methods: A hospital-based descriptive cross-sectional study was conducted. Data were collected retrospectively from medical records 
of neonates admitted with HIE using a structured checklist. The sampling method included all eligible neonates admitted during the 
study period.
Results: The case fatality rate among neonates with HIE was 38.2%. Mortality was significantly associated with prolonged NICU stays, 
neonatal sepsis, and low Apgar scores at birth. Management primarily involved basic interventions such as therapeutic hypothermia and 
mechanical ventilation. However, the absence of advanced monitoring tools like blood gas analyzers and cerebral function monitors 
limited accurate diagnosis and timely management.
Conclusion: Basic management strategies currently used at Atbara NICU are insufficient to significantly improve survival and short-
term neurological outcomes in neonates with HIE. The limited availability of diagnostic tools and the lack of specialized equipment are 
major challenges affecting neonatal care quality.
Recommendations: To improve HIE outcomes, it is essential to equip NICUs with advanced monitoring and therapeutic devices, such 
as blood gas analyzers and hypothermia systems. Future efforts should also consider incorporating structured follow-up programs and 
enhancing staff training based on the clinical burden identified.
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"تقييم أساليب التدبير والنتائج قصيرة المدى للاختناق الدماغي الناتج عن نقص الأكسجين لدى 
حديثي الولادة: دراسة في وحدة العناية المكثفة لحديثي الولادة بمستشفى عطبرة التعليمي، 

السودان."
أشرف عبد الرحمن البشير المدني

قسم التمريض، كلية التمريض والعلوم الصحية، جامعة جازان، المملكة العربية السعودية
)تاريخ الاســتلام: 12-03-2025؛ تاريخ القبول: 2025-05-13(

ــة  ــة طويل ــولادة والاخــتلالات العصبي ــي ال ــات حديث ــج عــن نقــص الأوكســجين أحــد الأســباب الرئيســية لوفي ــاري النات دَّّ اعــتلال الدمــاغ الإقف المقدمــة:  يُُ�ع
الـمـدى، لا ـسـيما ـفـي البيـئـات مـحـدودة الـمـوارد. ينـشـأ ـهـذا الاضـطـراب نتيـجـة انخـفـاض الأوكـسـجين وتدـفـق اـلـدم إـلـى الدـمـاغ خلال الفـتـرة المحيـطـة باـلـولادة.

الهــدف: تقييــم اســتراتيجيات إدارة الحالــة والنتائــج الســريرية قصيــرة المــدى للمواليــد المصابيــن بـــاعتلال الدمــاغ الإقفــاري الناتــج عــن نقــص الأوكســجين فــي 
وـحـدة العناـيـة المرـكـزة لحديـثـي اـلـولادة بمستـشـفى عـطبـرة التعليـمـي، الـسـودان.

المنهجيــة: أُجُريــت دراســة وصفيــة مســتعرضة قائمــة علــى المستشــفى. تــم جمــع البيانــات بأثــر رجعــي مــن الســجلات الطبيــة للمواليــد الذيــن أُدُخلوا بتشــخيص 
شـملت العيـنـة جمـيـع الموالـيـد المؤهلـيـن خلال فـتـرة الدراـسـة. عـن نـقـص الأوكـسـجين باـسـتخدام قائـمـة فـحـص منظـمـة. ـ اـعـتلال الدـمـاغ الإقـفـاري الناـتـج ـ

النتائــج: بلــغ معــدل الوفيــات بيــن المواليــد المصابيــن بـــاعتلال الدمــاغ الإقفــاري الناتــج عــن نقــص الأوكســجين حوالــي 38.2%. وُُجــد ارتبــاط كبير بيــن الوفاة 
والإقامــة المطولــة فــي وحــدة العنايــة المركــزة، وإصابــة المواليــد بالإنتــان الوليــدي، وانخفــاض درجــات مقيــاس Apgar عنــد الــولادة. شــملت خطــة الــعلاج 
بشــكل أساســي التــدخلات الأساســية مثــل التبريــد العلاجــي والتهويــة الميكانيكيــة. ومــع ذلــك، فــإن غيــاب أدوات المراقبــة المتقدمــة مثــل محــللات غــازات الــدم 

وأجـهـزة مراقـبـة وظاـئـف الدـمـاغ، ـدّّح ـمـن دـقـة التـشـخيص وـسـرعة التدـخـل العلاـجـي.

الاســتنتاج: الاســتراتيجيات الأساســية المُُســتخدمة حال�يًـا فــي وحــدة العنايــة المركــزة لحديثــي الــولادة بمستشــفى عطبــرة غيــر كافيــة لتحســين معــدلات البقــاء 
علــى قيــد الحيــاة والنتائــج العصبيــة قصيــرة المــدى بشــكل ملحــوظ لــدى حديثــي الــولادة المصابيــن بـــاعتلال الدمــاغ الإقفــاري الناتــج عــن نقــص الأوكســجين. 

يُـُعـد نـقـص أدوات التـشـخيص وغـيـاب الأجـهـزة المتخصـصـة تحدـيـات رئيـسـية تؤـثـر عـلـى ـجـودة رعاـيـة حديـثـي اـلـولادة.

التوصيــات: لتحســين نتائــج حــالات اعــتلال الدمــاغ الإقفــاري الناتــج عــن نقــص الأوكســجين، مــن الضــروري تزويــد وحــدات العنايــة المركــزة لحديثــي الــولادة 
بــالأدوات العلاجيــة وأجهــزة المراقبــة المتقدمــة مثــل محــللات غــازات الــدم وأنظمــة التبريــد العلاجــي. كمــا ينبغــي فــي المســتقبل إدخــال برامــج متابعــة منظمــة 

ا إـلـى الـعـبء الـسـريري المكتـشـف. وتعزـيـز تدرـيـب الـكـوادر اـسـتناًدً

ــرة التعليمــي؛  ــة المركــزة؛ مستشــفى عطب ــرة المــدى؛ إدارة وحــدة العناي ــج قصي ــولادة؛ النتائ ــي ال ــد حديث ــاري عن ــة: اعــتلال الدمــاغ الإقف الكلمــات المفتاحي
الـسـودان.
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1.	 Introduction
Hypoxic-ischemic encephalopathy (HIE) is a 

significant cause of neonatal morbidity and mortality 
worldwide, particularly in low- and middle-income 
countries (LMICs) like Sudan(1). The condition arises 
from insufficient oxygen and blood flow to the neonatal 
brain during the perinatal period, leading to potential 
long-term neurological impairments(2).​ 

In Sudan, healthcare facilities often face challenges 
such as limited resources and inadequate infrastructure. 
Atbara Teaching Hospital, serving as the primary 
neonatal care center for Atbara City and its surrounding 
regions, exemplifies these challenges. The hospital’s 
neonatal intensive care unit (NICU) primarily relies on 
basic resuscitation techniques for managing HIE, lacking 
advanced interventions like therapeutic hypothermia and 
mechanical ventilation. This limitation may contribute to 
suboptimal outcomes for affected neonates.​

Therapeutic hypothermia, involving controlled 
cooling of the neonate, has been shown to reduce 
inflammation and neuronal apoptosis, thereby improving 
neurological outcomes in infants with moderate to 
severe HIE(3). Additionally, mechanical ventilation 
ensures adequate oxygenation, crucial for neonates with 
compromised respiratory function (4). The absence 
of these interventions in settings like Atbara Teaching 
Hospital underscores the need for evaluating current 
management strategies.

Neonatal hypoxic-ischemic encephalopathy (HIE) 
remains a significant cause of neonatal morbidity and 
mortality worldwide, particularly in low- and middle-
income countries (LMICs) like Sudan(5). The condition 
results from a lack of oxygen and blood flow to the 
infant’s brain during the perinatal period, leading to 
potential long-term neurological deficits(6).​

Therapeutic hypothermia (TH) has emerged as 
the standard neuroprotective treatment for moderate to 
severe HIE in term and near-term infants(7). By cooling 
the infant’s body to 33–34°C within six hours of birth 
and maintaining this temperature for 72 hours, TH has 
been shown to reduce brain injury and improve survival 
rates(8). 

A recent survey across Sub-Saharan Africa highlighted 
that TH is available in only 13 countries, predominantly 
in private healthcare settings(9). Facilities offering 
TH often have better access to supportive technologies 
like mechanical ventilation and electroencephalograms 
(EEGs), which are crucial for monitoring and managing 
HIE. This disparity underscores the need for the equitable 
distribution of resources to manage HIE effectively 
across different healthcare settings(10).

In addition to TH, adjunctive therapies are being 
explored to enhance neuroprotection in HIE. Hyperbaric 
oxygen therapy (HBOT) has shown promise in reducing 
oxidative stress and inflammation, thereby improving 
neurological outcomes in neonates with HIE(11). A 
meta-analysis indicated that HBOT could be an effective 
supplementary treatment, although further large-scale 
studies are needed to confirm its efficacy.

The implementation of dedicated neonatal 
neurocritical care programs has also been associated 
with improved outcomes in HIE management(12). 
Such programs emphasize standardized protocols, 
early initiation of TH, and comprehensive monitoring, 
leading to reduced brain injury and shorter hospital stays. 
These findings suggest that structured care models can 
significantly enhance the quality of neonatal care in HIE 
cases(13).​

In the context of Sudan, and specifically at Atbara 
Teaching Hospital, the management of HIE is hindered 
by resource constraints, including limited access to TH 
and mechanical ventilation(14). This situation mirrors 
challenges faced in other LMICs, where infrastructural 
limitations impede the adoption of evidence-based 
practices for HIE management. Addressing these 
gaps requires concerted efforts to improve healthcare 
infrastructure, train medical personnel, and implement 
standardized care protocols to enhance neonatal outcomes.

Given the high burden of hypoxic-ischemic 
encephalopathy (HIE) and the limited access to advanced 
neonatal interventions at Atbara Teaching Hospital, this 
study aims to evaluate current management practices and 
outcomes to identify areas for improvement in treating 
neonates with HIE in resource-constrained settings.

1.1	 Significance of the Study
Hypoxic-ischemic encephalopathy (HIE) remains 

a significant contributor to neonatal morbidity and 
mortality, particularly in low-resource settings like Sudan. 
The Atbara Teaching Hospital, serving as the primary 
neonatal care center for Atbara City and its surrounding 
regions, exemplifies the challenges faced in managing 
HIE due to limited resources and infrastructure. This 
study aims to assess the current management approaches 
and short-term outcomes of neonates diagnosed with 
HIE at Atbara Teaching Hospital’s NICU. By analyzing 
survival rates and associated complications, the study 
seeks to identify gaps in care and recommend strategies 
for improving neonatal outcomes in resource-limited 
settings. The findings are expected to inform healthcare 
policies and practices, contributing to enhanced neonatal 
care and reduced long-term disabilities associated with 
HIE.
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1.2	 Aim of the Study
This study aims to evaluate the management 

approaches and short-term outcomes of neonates 
diagnosed with hypoxic-ischemic encephalopathy (HIE) 
at Atbara Teaching Hospital’s Neonatal Intensive Care 
Unit (NICU) in Sudan. By analysing current treatment 
protocols and associated neonatal outcomes, the research 
seeks to identify existing gaps in care and propose 
strategies to enhance clinical practices and improve 
survival rates in resource-limited settings.

1.3	 Research question  
1.	 What are the current management approaches 

for neonates diagnosed with hypoxic-ischemic 
encephalopathy (HIE) in the Neonatal Intensive 
Care Unit (NICU) at Atbara Teaching Hospital?

2.	 What are the short-term outcomes, including 
survival rates and complications, among 
neonates with HIE in the NICU at Atbara 
Teaching Hospital?

3.	 What differences, if any, exist in the outcomes 
of neonates with HIE who receive advanced 
interventions (such as therapeutic hypothermia 
and mechanical ventilation) compared to those 
who receive only basic resuscitative care?

2.	 Methodology
2.1	 Study Design:
This descriptive cross-sectional study was conducted 

to evaluate the management approaches and short-term 
outcomes of neonates diagnosed with hypoxic-ischemic 
encephalopathy (HIE) in the Neonatal Intensive Care 
Unit (NICU) at Atbara Teaching Hospital, Sudan. The 
study period spanned from January to September 2022. 
Neonates with HIE were monitored from NICU admission 
until discharge or death.​

2.2	 Study Area and Population:
Atbara Teaching Hospital, located in Atbara City, 

Sudan, serves as the primary healthcare facility for 
the region. The hospital’s NICU, established in 2016, 
is equipped with basic amenities such as incubators, 
oxygen concentrators, and phototherapy units. However, 
it lacks advanced equipment like mechanical ventilators, 
therapeutic hypothermia devices, and blood gas analysers.​

The study included 68 neonates diagnosed with 
HIE during the study period. Data were collected from 
mothers, healthcare providers, and the NICU team.​

2.3	 Inclusion and Exclusion Criteria:
•	 Inclusion Criteria: Neonates diagnosed with 

HIE during the study period.​
•	 Exclusion Criteria: Newborns with major 

congenital malformations or chromosomal 
anomalies.

2.4	 Sample Size:
A total of 68 neonates diagnosed with HIE were 

included in the study. A sample size of at least 60 
participants is recommended for cross-sectional studies 
to ensure statistical reliability and representativeness. 

2.5	 Data Collection:
Structured questionnaires were employed during 

face-to-face interviews with mothers and healthcare 
providers. The questionnaires were administered by 
trained interviewers during scheduled sessions within 
the NICU to ensure consistency, confidentiality, and 
reliability of responses. Data collected included maternal 
characteristics, risk factors for HIE, resuscitation 
procedures, treatment protocols, and neonatal outcomes, 
such as survival, neurological improvement (as indicated 
by clinical signs and Apgar scores), length of NICU 
stay, and respiratory support requirements (including 
mechanical ventilation or Continuous Positive Airway 
Pressure [CPAP]).​

2.6	 Outcome Measures:
The outcome measures utilized in the study included:​

•	 Mortality Rate: The Proportion of neonates 
who died during the study period.​

•	 Neurological Improvement: Assessed through 
clinical signs and Apgar scores.​

•	 Length of NICU Stay: Duration of 
hospitalization in the NICU.​

•	 Respiratory Support Needs: Requirement for 
mechanical ventilation or CPAP.​

2.7	 Ethical Considerations
Ethical approval for the study was obtained from the 

Institutional Review Board of Atbara Teaching Hospital. 
Informed consent was obtained from the mothers of all 
participating neonates. Participation was voluntary, and 
confidentiality was maintained throughout the study. The 
study adhered to ethical principles, including respect for 
participants, minimizing harm, and ensuring the integrity 
of the research process.​

2.8	 Statistical Analysis
Data were analysed using SPSS software (version 

25). Descriptive statistics, including frequencies, 
percentages, means, and standard deviations, were 
calculated to summarize the data. Chi-square tests were 
used to assess associations between categorical variables, 
and independent t-tests were employed to compare 
continuous variables between groups. A p-value of less 
than 0.05 was considered statistically significant.​

Reliability and Validity

The reliability of the structured questionnaires was 
assessed using Cronbach’s alpha coefficient, with a value 
of 0.85 indicating good internal consistency. The validity 



5

Journal of the North for Basic and Applied Sciences (JNBAS), Vol. (10) - Issue (1), May 2025 - Dhul-Qidah 1446H 1-8

of the questionnaires was evaluated through expert review, 
ensuring content validity by consulting with neonatology 
specialists and paediatricians. Additionally, face validity 
was confirmed by pre-testing the questionnaires with 
a small sample of participants to ensure clarity and 
relevance. 

3.	 Results
3.1	 Management Practices
The study revealed that all neonates requiring 

resuscitation received initial management in the Neonatal 
Intensive Care Unit (NICU), with no resuscitation 
performed in the delivery room. This indicates a delay 
in initiating critical interventions during the early hours 
post-birth, potentially impacting neonatal outcomes. 
Basic life-sustaining measures implemented in the NICU 
included warmth, oxygen administration, suction, and 
bag-mask ventilation. However, only 36.8% of neonates 
received mechanical ventilation due to the limited 
availability of appropriate ventilatory support systems. 
These findings highlight significant gaps in neonatal care 
infrastructure, which may have adversely affected patient 
outcomes.​

3.2	 Short-Term Outcomes
The study reported a mortality rate of 38.2%, 

indicating that approximately 40% of neonates with HIE 
did not survive during hospitalization. This underscores 
the severity of HIE and its impact on neonatal survival, 
particularly in settings lacking advanced therapeutic 
interventions. Additionally, 48.5% of neonates required 
NICU stays exceeding 10 days, reflecting the prolonged 
nature of HIE and associated complications. While 70% 
of survivors showed some clinical improvement, many 
remained at high risk for long-term neurological issues, 
including cerebral palsy, seizures, and developmental 
delays.

Table 1 Neonatal Outcomes in Atbara NICU 
(January – September 2022)

Outcome Measure Frequency (%)

Mortality Rate 38.2

Duration of NICU 
Stay > 10 days 48.5

Sepsis Present 77.9

Low Apgar Score 
(5 mins) 56.5

Neurological 
Recovery

The majority improved but were at 
risk for long-term complications.

Table 1 presents outcomes for neonates with HIE 
at Atbara NICU from January to September 2022, with 
a 38.2% mortality rate, 48.5% of infants experiencing 

NICU stays exceeding 10 days, 77.9% developing sepsis, 
and 56.5% recording low Apgar scores at 5 minutes. 
These results suggest that severe initial hypoxic injury and 
suboptimal resuscitation, as well as high infection rates, 
are likely to lead to increased mortality and longer hospital 
stays. While most survivors presented neurological 
improvement, the long-term risk of complications 
indicates the need for enhanced neuroprotective measures 
and improved infection control measures in this setting. 

3.3	 Complications:
Sepsis was prevalent in 77.9% of neonates, 

highlighting the increased susceptibility to infections 
in this population. The high incidence of sepsis may be 
attributed to compromised immune systems, extended 
hospitalizations, and invasive procedures. Furthermore, 
56.5% of neonates had low Apgar scores at 5 minutes, 
a critical indicator of adverse outcomes such as elevated 
mortality rates and neurodevelopmental disorders. 
Notably, low Apgar scores were associated with higher 
case fatality rates, emphasizing the importance of 
effective neonatal resuscitation and monitoring.​

Incidence of sepsis and low Apgar scores among 
neonates with HIE.

Figure 1: Incidence of sepsis and low Apgar scores among 
neonates with HIE.

3.4	 Maternal and Neonatal Risk Factors
Several maternal and neonatal risk  factors were 

identified, including prolonged rupture of membranes 
(61.8%), meconium-stained liquor (47.1%), maternal 
infections (32.4%), and prolonged labour (82.4%). These 
factors contribute to intrauterine infections and fatal 
oxygenation compromise, underscoring the need for 
enhanced prenatal care and monitoring to mitigate HIE 
severity.
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Table 2:  Maternal and Neonatal Risk Factors

Risk Factor Frequency (%)

Prolonged Rupture of Membranes 61.8

Meconium Stained Liquor 47.1

Maternal Infection 32.4

Prolonged Labour 82.4

Table 2 outlines several key maternal and neonatal 
risk factors associated with HIE. Prolonged rupture of 
membranes (61.8%) can increase the risk of intrauterine 
infection, compromising fetal oxygenation. Meconium-
stained liquor (47.1%) is indicative of fetal distress, 
often resulting from hypoxia before or during labour. 
Maternal infections (32.4%) further heighten the risk by 
potentially inducing systemic inflammation and sepsis, 
which can adversely affect placental function and fetal 
oxygen supply. Prolonged labour (82.4%) heightens fetal 
stress and the risk of hypoxic events by extending uterine 
contractions that can impair blood flow, highlighting the 
need for improved prenatal care and monitoring to reduce 
HIE severity.

These results suggest that severe initial hypoxic 
injury, delayed resuscitation, and high infection rates 
are likely contributors to increased mortality and 
extended hospital stays. Although most survivors 
exhibited neurological improvement, the persistent risk 
of complications indicates a critical need for improved 
neuroprotective strategies and infection control measures 
in this setting.

4.	 Discussion
This study evaluated the management and early 

outcomes of neonates diagnosed with hypoxic-ischemic 
encephalopathy (HIE) at Atbara Teaching Hospital’s 
Neonatal Intensive Care Unit (NICU). The primary aim 
was to assess current management practices, the efficacy 
of available interventions, and short-term outcomes in a 
resource-constrained setting.​

HIE is a leading cause of neonatal morbidity and 
mortality, often resulting from insufficient blood and 
oxygen supply to the brain during labour and delivery(12). 
The condition can range from mild to severe, leading 
to serious neurological complications or death. Early 
identification and intervention are crucial for improving 
survival rates and preventing long-term developmental 
impairments (15). At Atbara Teaching Hospital, basic 
supportive measures such as oxygen supplementation, 

suctioning, and warming are routinely employed. 
However, advanced interventions like therapeutic 
hypothermia (TH) and mechanical ventilation are limited 
due to resource constraints. Only 36.8% of neonates 
requiring mechanical ventilation received it, highlighting 
a significant gap in care(16). Improving survival rates for 
these neonates significantly depends on early identification 
and management(17). A 2010 Cochrane review showed 
that initiating TH within 6 hours of birth for babies with 
moderate to severe HIE significantly decreased mortality 
and major disability from 61% to 46%(18). However, 
despite its proven efficacy, the implementation of TH in 
low- and middle-income countries (LMICs) like Sudan 
remains limited due to resource constraints.​

Mechanical ventilation is another critical component 
in the management of HIE, especially for neonates 
experiencing respiratory failure. The limited availability 
of ventilators in Atbara Teaching Hospital hampers the 
ability to provide adequate respiratory support, potentially 
exacerbating the severity of HIE and increasing 
mortality rates(19). A study from Nigeria highlighted 
that appropriate training in neonatal resuscitation can 
reduce neonatal mortality, thereby considerably reducing 
under-five mortality trends, especially in resource-
poor countries(20). This underscores the importance of 
not only equipment availability but also the training of 
healthcare providers in neonatal resuscitation techniques.​

The study also revealed a high incidence of sepsis 
among neonates with HIE, which further complicates 
management and adversely affects outcomes. 
Implementing stringent infection control protocols, 
including hand hygiene, use of protective gear, and 
effective cleaning of surfaces and instruments, is 
essential to reduce infection risks(21). Additionally, 
practical measures such as antibiotic stewardship and the 
establishment of isolation areas in the NICU can protect 
these patients from severe infections.​

The lack of advanced interventional procedures and 
equipment, such as TH and mechanical ventilation, in 
Atbara Teaching Hospital reflects a broader issue faced 
by many hospitals in developing countries(22). A survey 
on the diagnosis and management of neonatal hypoxic-
ischemic encephalopathy in sub-Saharan Africa found 
that therapeutic hypothermia was available in only 13 
countries, most frequently in private institutions(23). This 
disparity highlights the need for the equitable distribution 
of resources to manage HIE effectively across different 
healthcare settings.
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In conclusion, the management of HIE in Atbara 
Teaching Hospital is hindered by significant resource 
limitations, including the unavailability of therapeutic 
hypothermia and mechanical ventilation, as well as 
inadequate infection control measures. Addressing 
these challenges requires concerted efforts to improve 
healthcare infrastructure, train medical personnel, and 
implement standardized care protocols to enhance 
neonatal outcomes. Further studies are needed to evaluate 
the long-term outcomes of HIE survivors to develop 
appropriate interventions and improve neonatal care 
systems, thereby increasing survival and neurological 
outcomes.

5.	 Conclusion
This study underscores that hypoxic-ischemic 

encephalopathy (HIE) remains a significant contributor 
to neonatal mortality and neurological morbidity at 
Atbara Teaching Hospital’s Neonatal Intensive Care 
Unit (NICU). The observed high mortality rate of 38.2%, 
extended NICU stays exceeding 10 days in nearly half 
of the cases, a sepsis incidence of 77.9%, and low 
Apgar scores in 56.5% of neonates highlight substantial 
deficiencies in current neonatal care practices.​

A critical factor contributing to these adverse 
outcomes is the limited availability of essential 
interventions, notably therapeutic hypothermia and 
mechanical ventilation. Only 36.8% of neonates received 
mechanical ventilation, and therapeutic hypothermia 
was not administered, reflecting gaps in both equipment 
and clinical protocols. These findings align with existing 
literature emphasizing the efficacy of therapeutic 
hypothermia in reducing mortality and improving 
neurodevelopmental outcomes in neonates with moderate 
to severe HIE(24).

To address these challenges, it is imperative to invest 
in critical care resources, including the procurement and 
maintenance of ventilators and hypothermia equipment. 
Equally important is the enhancement of healthcare 
provider training in neonatal resuscitation, ventilatory 
support, and neuroprotective strategies. Implementing 
robust infection prevention and control protocols is also 
essential, given the high incidence of sepsis observed.​

Furthermore, improving the physical infrastructure of 
the NICU to prevent overcrowding and facilitate optimal 
care delivery is recommended. Future research should 
focus on longitudinal studies to assess the long-term 
neurodevelopmental outcomes of HIE survivors, which 
will inform the development of targeted interventions 
and policies aimed at improving neonatal care systems in 
resource-limited settings.

6.	 Recommendations
To improve HIE outcomes, it is essential to equip 

NICUs with advanced monitoring and therapeutic 
devices, such as blood gas analysers and hypothermia 
systems. Future efforts should also consider incorporating 
structured follow-up programs and enhancing staff 
training based on the clinical burden identified.

Strengthen Early Identification and Resuscitation 
Protocols and Enhance Neonatal Resuscitation Training.
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