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Abstract  
Introduction: Neonatal Hypoxic Ischemic Encephalopathy is a brain injury that occurs 

when oxygen or blood flow to the brain is reduced or stopped before, during, or shortly after 

birth. Birth asphyxia is the main contributor to both long-term neurodevelopmental problems and 

infant mortality in low- and middle-income nations. MRI examination can assist in elucidating 

the type of injury, the timing of injury, the pattern of pathological evolution, and changes in 

brain metabolism over time. 

Objectives: To explore the late Brain MRI patterns and associated clinical findings of children 

who had clinical diagnosis of perinatal asphyxia in Addis Ababa, Ethiopia. 

Methodology: The study is conducted in pediatric neurology clinic with MRI 

facility in Addis Ababa, Ethiopia. A total of 797 pediatric patient’s charts were identified 

who had Brain MRI imaging evaluation. Of these, 70 cases with clinical diagnosis of perinatal 

asphyxia were included. Using a structured questioner, demographic data, pre and perinatal 

history of patients was collected. The MRI reports were reviewed by the principal investigator in 

a systematic pattern.  

Result: The age at time of MRI evaluation ranges from 2 months to 14 years. Gestational age 

was assessed of which 74.3% are term and 25.7% are preterm. 42.9% of our patients received 

antenatal care (ANC) during gestation and 55.7% were delivered at a healthcare facility Global 

Developmental Delay (GDD), observed in 61.4% of the cases followed by Seizures occurring in 

21.4% of patients. 62.5% of preterm infants had periventricular leukomalacia on MRI as 

compared with those full-term (10.8%) infants, (P-value<0.001). And, (64.9%) of term infants 

had Subcortical/ deep watershed border zone hyperintensities on MRI as compared to with 

preterm (12.5%) infants.  MRI findings suggestive of chronic injury, thinning of corpus callosum 

and cerebral cortical atrophy were seen 31.35 & 40% and 31.3% 37.3% respectively in preterm 

and term infants.   

Conclusion: The study reveals high magnitude of perinatal asphyxia (8.8%) among pediatric 

Neurology clinic visits. Brain MRI imaging showed abnormality in majority of cases with 

specific dominant patterns seen being periventricular leukomalacia and subcortical/deep 

watershed hyperintensities for preterm and term infants respectively indicating that brain MRI 

should be used as primary diagnostic work up for these patients. 

Key words: MRI pattern, Prenatal asphyxia, Neonatal HIE,Global 

Developmental Delay,Addis Ababa,Ethiopia
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Introduction  

 Background 
Neonatal Hypoxic Ischemic Encephalopathy is a brain injury that occurs when oxygen or blood 

flow to the brain is reduced or stop ed before, during, or shortly after birth, according to the 

National Institute of Neurological Disorders and Stroke (NINDS).(1) Hypoxic Ischemic 

Encephalopathy occurs when the fetus does not receive enough oxygen due to impaired blood 

flow to the brain, typically during labor and delivery.(2) This increases the risk of death 

(stillbirth or neonatal death) or permanent disability in the newborn, and it can also be predicted 

that cognitive difficulties will arise due to the pattern of brain injury associated with neonatal 

encephalopathy.(3,4) 

Birth asphyxia is the main contributor to both long-term neurodevelopmental problems and 

infant mortality in low- and middle-income nations. (5) The primary cause of newborn mortality 

in East Africa in 2015 (31.6%) was birth asphyxia; the region's neonatal mortality rate varies 

from 11 to 102 per 1000 live births. (6) In Ethiopia, birth asphyxia ranks as the second leading 

cause of neonatal mortality (26.7%) and the fourth most common cause of death for children 

under five (11.3%). (7) 

Neither an ultrasound nor a CT scan can demonstrate the specific HIE neuropathology(8). The 

recommended first line imaging for HIE is MRI(8,9).The most popular methods for diagnosing 

and assessing HIE are MRI routine scan sequences, MRI-diffusion weighted imaging (DWI), and 

magnetic resonance spectroscopy (MRS), which offer comprehensive data on damage, 

development, and brain metabolism(8). A thoughtful choice of MRI examination can assist in 

elucidating the type of injury, the timing of injury, the pattern of pathological evolution, and 

changes in brain metabolism over time. It can also help to direct HIE treatment and objectively 

assess the prognosis(10–12). 

Perinatal Hypoxic ischemic injury patterns differ among term and preterm infants and also 

depends on duration and severity of insults(13). The four patterns of MRI findings associated 

with HIE are: the mixed pattern, the widespread injury of the entire brain, the watershed 

prominent pattern affecting the white matter in the centrum semi ovale and subcortical zones, 

and the pattern involving the posterior limb, thalamus, and basal ganglia of the internal capsule 

(14). In appropriate clinical setting with no arterial territorial pattern, atypical imaging patterns 

of unequal injury of unilateral, bilateral but asymmetric involvement of either deep gray nuclei 

or watershed infarct involving the cortex or subcortical white matter can occur(13). By assessing 

the extent and severity of the prenatal damage, estimating the prognosis, and formulating 

treatment plans, MRI plays a crucial role in the early diagnosis of fetal asphyxia and the 

diagnosis of accompanying sequelae. 

Statement of the problem 

Perinatal hypoxia is a critical condition that has the potential to result in neurological damage in 

neonates. MRI imaging is a powerful tool for detecting brain injury in children who have 
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experienced perinatal asphyxia(15). However, there is limited research on MRI findings pattern, 

common sites of brain injury that emerge in children who have experienced asphyxia(16). 

Neonatal HIE can have well known, predictable MRI imaging patterns as well as atypical Brain 

involvement which this study aims to investigate and raise a possibility of neonatal HIE in 

children presented with neurologic disorder, typical underlying risk factor and clinical diagnosis 

of perinatal asphyxia. Retrospective Study was done by reviewing reports of Brain MRI scans of 

children who have experienced perinatal asphyxia.  The imaging patterns were analyzed, and 

clinical presentations were reviewed. 

The problem we aim to address is that there is limited research on the MRI imaging patterns that 

emerge in children who have experienced perinatal asphyxia. Furthermore, there is a notable 

scarcity of comprehensive data regarding the MRI imaging patterns subsequent to perinatal 

asphyxia and the factors linked to it, both in Ethiopia as a whole and particularly within the 

specific study environment.  

Significance of the study 
The purpose of this study is to assess the burden of perinatal asphyxia among pediatric patients 

in Specialty center in Addis Ababa, Ethiopia and assess the role of MRI in clinical work up of 

patients with perinatal asphyxia. The study aims to see if there are specific MR imaging patterns 

of Neonatal Hypoxic ischemic encephalopathy following perinatal asphyxia and clinical 

presentation and correlation with prenatal and perinatal risk factors which can further guide in 

intervening this complication. 

Perinatal asphyxia represents a notable contributor to both morbidity and mortality among 

newborns on a global scale. (17,18) Despite advances in neonatal care, there is still a lack of 

understanding regarding the Pathophysiology of perinatal asphyxia and its long-term effects on 

brain development. The study includes the clinical presentation of patients with perinatal 

asphyxia which explains some of the long-term complications are associated with perinatal 

asphyxia. 

 Apart from study done on developmental delay, there is limited published information on the 

imaging pattern following perinatal asphyxia, clinical presentation and associated pre and 

perinatal risk factors according to my literature search in Ethiopia. This research can serve as a 

foundation for subsequent extensive prospective investigations.  
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Literature Review 

MRI imaging pattern in perinatal asphyxia 

Magnetic resonance imaging (MRI) is a useful tool for diagnosing HIE, assessing its severity & 

predicting its outcomes.(19,20) The MRI patterns of HIE depend on the severity of the injury 

and the timing of the scan as well as the stage of brain maturity.(13,19,21)  

A study by Bobba et al., done in 2022 analyzed the MRI diffusion-weighted imaging (DWI) of 

33 term neonates with hypoxic ischemic encephalopathy (HIE) and found that the location and 

volume of hypoxic ischemic lesions varied according to the severity of HIE. The study 

categorized HIE into mild, moderate, and severe based on clinical criteria and reported that 

infarct volumes and neonatal scores were significantly different among the categories. The study 

also showed that mild and moderate HIE mainly affected the subcortical and deep white matter 

regions near the boundaries of arterial supply territories, while severe HIE additionally involved 

the basal ganglia, hippocampus, and thalamus. Furthermore, the study identified the brain 

regions that were more likely to be injured with increasing severity of HIE, such as the 

hippocampus, thalamus, and lentiform nucleus. The study concluded that severe HIE had a 

distinctive pattern of injury compared to mild/moderate HIE in term neonates.(22) 

An institutional based descriptive retrospective study done by Reddy R,assessed distribution 

patterns of MRI findings of 50 infants with HIE, 18 of whom were preterm and 32 of whom 

were full-term. Additionally, the study stated that there were 35 (70%) male and 15 (30%) 

female, with developmental delay being the most prevalent clinical feature in both groups. In the 

research findings, it was observed that periventricular leukomalacia presented as the predominant 

feature in 36% of premature individuals, whereas subcortical and periventricular white matter 

hyperintensities detected on T2-weighted and Fluid Attenuated Inversion Recovery (FLAIR) 

sequences were identified as the prevailing characteristic in 64% of term-born patients. The 

study also noted that MRI findings varied depending on the brain maturity at the time of 

imaging. According to the study, in preterm and full-term patients with HIE, MRI can reveal 

various patterns of injury resulting from birth asphyxia and ischemia insult and can give 

predictive information with routine follow-up scans.(15) 

A review study done in Poland by Cabaj et al., done in 2012 emphasized the role of MRI in 

detecting and diagnosing HIE in preterm and term neonates with perinatal risk factors. The 

authors stated that MRI can reveal three classic patterns of HIE: periventricular 

leukomalacia/watershed infarction, basal ganglia and/or thalamus lesions, and multicystic 

encephalopathy, which have different prognostic implications for the infant development. The 

authors also acknowledged the remarkable plasticity and recovery potential of the child brain, 

which can sometimes lead to unexpected outcomes.(23) 

A study by Heinz and Provenzale, done in 2009 examined the MRI Findings in the neonate with 

severe, total hypoxia. The authors delineated four primary indicators that can assist in identifying 

severe hypoxia in newborns: abnormal elevation in signal intensity observed in the basal ganglia 

and thalamus on T1-weighted images, lack of the typical heightened signal intensity in the 

posterior limb of the internal capsule on T1-weighted images (known as the "absent posterior 
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limb sign"), and the presence of diffusion restriction in the basal ganglia, thalamus, and posterior 

limb of the internal capsule. The authors also described findings in prolonged partial hypoxia as 

more pronounced cortical changes with normal basal ganglia. Three patterns of hypoperfusion 

injuries are described according to the gestation age with periventricular leukomalacia pattern in 

preterm infants and superficial and deep watershed patterns in term neonates(13,24). The authors 

elucidated the underlying mechanisms and timing of these features and their implications for 

prognosis. They reported that severe hypoxic injury was associated with poor neurologic 

outcome and death, whereas mild or moderate injury had variable outcomes depending on the 

extent and location of damage. The authors also contrasted MRI with other imaging methods 

such as CT and sonography for evaluating neonatal hypoxia. They concluded that MRI was 

superior to CT and sonography in terms of sensitivity, specificity, and interobserver agreement 

for detecting and diagnosing HIE in term neonates(24). 

 In a review article published in 2022, the Authors reviewed the literature on HIE and its MRI 

findings and patterns. According to the review, patterns of MRI findings in HIE can be classified 

into four: the basal ganglia, thalamus, and posterior limb of internal capsule pattern; the 

watershed predominant pattern affecting the white matter in the centrum semi ovale and 

subcortical zones; the minimal focal/multifocal injury of white matter; and the extensive injury 

of the entire brain. The authors found that, these patterns are determined by several factors 

combined, including brain maturation, time, duration, and strength of cerebral blood flow 

impairment.(20,24) 

A study done in United states which assessed HIE imaging findings from birth to adulthood 

found that the range of HIE findings on magnetic resonance imaging (MRI) varies depending on 

the severity and length of birth asphyxia as well as the stage of brain maturity. For instance, 

patterns of perinatal asphyxia-related hypoxic-ischemic damage in preterm neonates (37 weeks' 

gestational age) are obvious and distinct from those in full-term neonates (>37 weeks' gestational 

age) (21).   
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Objectives  

General Objective  

o To explore the late Brain MRI patterns and associated clinical findings of children who 

had clinical diagnosis of perinatal asphyxia at Yehuleshet Specialty clinic. 

Specific objectives  

 

o To determine different brain MRI findings and patterns associated with perinatal 

asphyxia in pediatric patients with history of perinatal asphyxia who underwent 

brain MRI imaging.  

o To determine the Socio-demographic characteristics of pediatric patients with 

history of perinatal asphyxia who underwent brain MRI imaging. 

o To assess the Clinical presentation and peri and prenatal risk factors of a child 

diagnosed with perinatal asphyxia and who have brain MRI 

o  Prenatal and perinatal risk factors of pediatric patients with history of perinatal 

asphyxia who underwent Brain MRI imaging. 
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Methods and materials                      

Study Area: The study was conducted at Yehuleshet Specialty Clinic, which is located in 

Addis Ababa, Ethiopia. Yehuleshet Specialty clinic is a private health facility that provides 

primary and secondary health care services to the residents of Addis Ababa and its surrounding 

areas. Both Adult and pediatric Neurology service takes major clinical services provided in this 

clinic. Pediatric Neurology Patients are evaluated by Pediatric neurologists.  

The clinic has siemens 0.35T MRI with high number of neurology Brain MRI cases which are 

reported by Neuroradiologists. 

Study Tool: Brain MRI study for pediatrics patient presented with neurologic symptoms is 
performed using axial and coronal inversion recovery sequences. Routine spin echo sequences 
(T1, T2 and FLAIR is done with axial and sagittal reconstruction). DWI/ADC is obtained. 
Reports of two Neuroradiologists were used to assess Brain MRI patterns in children diagnosed 
with perinatal asphyxia. 

Study Period: The study was conducted in pediatric patients <14 years of age who had brain 

MRI presented with neurologic findings and has clinical diagnosis of perinatal asphyxia between 

March 2022 to March 2023 GC 

Study Design: Institution-based Retrospective descriptive Cross-sectional study.  

Source population: All pediatric patients who had brain MRI during the study period at 

Yehuleshet specialty clinic between March 2022 to March 2023 GC. 

Inclusion criteria 

o All pediatric patients with MRI evaluation done between March 2022 to March 2023 GC 

at Yehuleshet specialty clinic and Clinical Diagnosis of perinatal asphyxia. 

Exclusion criteria 

o Children of unknown gestational age at birth, and  

o Children diagnosed with congenital malformations or known syndromes that could affect 

brain development or MRI findings. 

Sample size and Technique 

o The sample size was determined by using the formula for single population proportion 

considering a prevalence of 42% which is taken from similar study done in resource 

limited setup in South Africa in 2023(16). 

o The sample was calculated by assuming a Confidence interval of 95%, 5% margin of 

error, & 10% non-response rate. 

                      n = (Zα/2)2 x P(1-p)/ d2 

o Where: n = Sample size; P = 42%; d= margin of error; Z (α/2)2= confidence interval and 

significance level 

n = 0.42(1−0.42) (1.96)2/ (0.05)2 = 374  

o The calculated sample size is 374, However, considering for a contingency that might 

happen during data collection due to incomplete charts or any other factors, 10% of 

calculated sample size is added.  

Sample size= 374 + 37 = 411 patients 
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o In our study a total of 797 pediatric patients had brain MRI evaluation during the one-

year study period at, and only 70 patients had history of perinatal asphyxia. So, we 

decided to include all pediatric patients with history of perinatal asphyxia and who had 

MRI evaluation done within the study period. 

Measures 

Dependent variable 

o MRI Findings see Annexes 

Independent variables 

o Age 

o Sex 

o Gestational Age at Birth. 

o Clinical presentation 

o Delivery place 

o Maternal illness 

o Any obstetric complications 

Operational Definitions  

o Hypoxia- Decreased O2 to cells or tissue 

o Ischemia- Decreased blood flow to cells or organs that is inadequate to maintain 

physiologic function. 

o HIE- Clinical evidence of encephalopathy with objective data to support a hypoxic-

ischemic (HI) mechanism as the underlying cause for the encephalopathy 

o Watershed pattern: subcortical and deep white matter injury (perisylvian, parasagittal, 

anterior inter arterial watershed and posterior inter arterial white matter injury) 

o Encephalomalacia: area of cerebral parenchymal loss which is not in territory of 

watershed infarction or not classified under multicystic encephalomalacia  

o Pediatric age group: Age <14 yrs. used in this study 

o Prenatal asphyxia: Low APGAR score and history of Neonatal Encephalopathy 

Data collection and procedures 

Data was extracted by the principal investigator using structured questionnaire. A total of 797 

pediatric patient’s charts were identified who had Brain MRI imaging evaluation. Of these, 70 

cases with clinical diagnosis of perinatal asphyxia were included. Using a structured questioner, 

demographic data, pre and perinatal history of patients was collected. The MRI reports were 

reviewed by the principal investigator in a systematic pattern.  

The data extraction was held from July 10th to 7th of October 2023 G.C. 

Data Quality control, processing and Analysis 

All the data was checked for completeness and internal consistency by cross-checking and then 

was coded and double entered into Epi Data version 4.2 computer software packages and cleaned 

for inconsistency. For further analysis, the data was exported to Statistical Package for Social 
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Science (SPSS) version 26 software. The descriptive analysis of the data was indicated using 

numerical summary measures and presented using frequency tables, figures, and graphs/charts. 

Cross tabulation (contingency table) analysis using Fisher-exact test was used to analyze the 

presence of a pattern, difference or relationship/ association between dependent and independent 

categorical variable, by building an R x C contingency table for the variables and comparing 

their column or row frequencies (proportions), and p value <0.05 was considered statistically 

significant. 

Dissemination of the results 

The results of the study will be presented to Addis Ababa University, College of health sciences, 

Radiology department. The results of the study will also be sent to reputable journals for 

publication. 

Ethical consideration 

All medical documents used in this study were handled by Health professionals working at the 

Yehuleshet Specialty Clinic.  

The study protocol was submitted for approval to research and ethical review committees of the 

Department of Radiology, school of medicine, college of health sciences, Addis Ababa 

University.  
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Result 

Sociodemographic data and Risk factors among all patients who underwent MRI 

evaluation following history of perinatal asphyxia at Yehuleshet specialty clinic. 

The study included a total of 70 pediatric patients with a history of perinatal asphyxia who 

underwent MRI evaluation at Yehuleshet specialty clinic. The age at time of MRI evaluation 

ranges from 2 months to 14 year. Gestational age was assessed of which 74.3% are term and 

25.7% are preterm. 42.9% of our patients received antenatal care (ANC) during gestation and 

55.7% were delivered at a healthcare facility via SVD (spontaneous vaginal delivery) or assisted 

vaginal delivery 62.9%. The presence of prolonged labor, fetal distress, maternal RVI serostatus, 

gestational diabetes mellitus (GDM), and maternal preeclampsia/eclampsia (PE/EC) was not 

documented in most cases. Table 1 & Table 2 

Table 1  Sociodemographic data and gestational age of pediatric patients having history of perinatal 
asphyxia 

Variable  Frequency Percent  

Age ≤2 months 2 2.9 

3 to 12 months 8 11.4 

1 to 5 year 43 61.4 

>5 year 17 24.3 

Sex Female 21 30.0 

Male 49 70.0 

Gestational Age Pre-term 18 25.7 

Term 52 74.3 

 

Table 2 Antenatal and Perinatal Risk factors 

Variables Frequency (percentage) Total 
Yes No Not documented  

ANC follow-up  30(42.9) 14(20.0) 26(37.1) 70(100.00%) 
Prolonged Labor 9(12.9) 9(12.9) 52(74.3) 
Fetal Distress 17(24.3) 9(12.9%) 44(62.9) 
Maternal RVI 1(1.4) 13(18.6) 56(80.0) 
Maternal GDM - 15(21.4) 55(78.6) 
Maternal PE/EC 1(1.4) 18(25.7) 51(72.9) 
    
Health care delivery 39(55.7) 11(15.7) 20(28.6) 
Mode of Delivery  SVD/assisted=44(62.9) CS=18(25.7) 8(11.4) 

 

Additionally, the clinical presentation of pediatric patients included in this study is variable. 

Global Developmental Delay (GDD), observed in 61.4% of the cases followed by Seizures 

occurring in 21.4% of patients. Cerebral Palsy and extremity weakness were each reported in 
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approximately 7.1%, while microcephaly specifically was documented in 5.7% of cases. 

Additionally, other presentations were documented in 12.9% of patients. Figure 1 

 

Figure 1 Distribution of clinical presentation of pediatric patients 

Distribution and Patterns of MRI findings  

Among 70 patients included in this study, 53 (75.7%) had abnormal MRI findings and the rest 17 

(24.3%) had normal MRI findings. Distribution by the gestational age showed,52 (74.3%) are 

term and 18 (25.7%) are preterm. Overall, from a total of 52 term infants and 18 preterm infants, 

the incidence of abnormal MRI findings was 71.2% (37/52) and 88.9% (16/18) respectively. 

Table 3 

Table 3 MRI findings with distribution and comparison of antenatal and perinatal risk factors of HIE 
among pediatric patients having history of perinatal asphyxia 

Variable  Abnormal MRI finding, 
n=53 

Normal MRI finding, 
n=17 

Frequency (Percentage)  Frequency (Percentage)  

Age  
(Range 2 
month to 14 
year) 

≤2 months 2 (100) - 
3 to 12 months 7 (87.5) 1(12.5) 

1 to 5 years 32 (74.4) 11(25.6) 
>5 year 12 (70.6) 5(29.4) 

Sex Female 16 (76.2) 5(23.8) 
Male 37 (75.5) 12(24.5) 

GA Pre-term 16 (88.9) 2(11.1) 
Term 37 (71.2) 15(28.8) 

ANC follow-
up  

YES 20(66.7) 10(33.3) 
NO 12(85.7) 2(14.3) 

Not documented 21(80.8) 5(19.2) 
HC 28(71.8) 11(28.2) 

61.4

21.4

7.1 7.1 5.7
12.9

0

10

20

30

40

50

60

70

80

90

100

GDD Seizure Cerebral Palsy Extremity
weakness

Microcephaly Other
presentations

Clinical Presentations

Percent %



11 
 

Site of 
Delivery 

Home 11(100.0) - 
Not documented 14(70.0) 6(30.0) 

Mode of 
Delivery  

SVD/Assisted 33(75.0) 11(25.0) 
CS 14(77.8) 4(22.2) 

Not documented 6(75.0) 2(25.0) 
Prolonged 
Labor 

No 9(100.0) - 
Yes 6(66.7) 3(33.3) 

Not documented 38(73.1) 14(26.9) 
Fetal 
Distress 

No 8(88.9) 1(11.1) 
Yes 14(82.4) 3(17.6) 

Not documented 31(70.5) 13(29.5) 
Presentation GDD 29(67.4) 14(32.6) 

Seizure 12(80) 3(20) 
Cerebral palsy 4(80) 1(20) 

Extremity weakness 5(100) - 
Microcephaly 4(100) - 

Other 9(100) - 

 

The Fisher Exact test revealed significant associations between gestational age and specific MRI 

findings among infants with abnormal MRI findings.  62.5% of preterm infants had 

periventricular leukomalacia on MRI as compared with those full-term (10.8%) infants, (P-

value<0.001). And, (64.9%) of term infants had Subcortical/ deep watershed border zone 

hyperintensities on MRI as compared to with preterm (12.5%) infants (P-value = 0.001). Table 4 

Table 4 Association between gestational age and MRI finding patterns among infants with abnormal 
MRI findings, Total cases having abnormal MRI findings 53 (Fisher Exact test). 

MRI finding   Frequency (percentage) P-value 

Pre-term Term 
Subcortical/watershed  
border zone hyperintensities   

Yes 2(12.5) 24(64.9) 0.001 
No 14(87.5) 13(35.1) 

Encephalomalacia Yes 4(25) 16(43.2) 0.21 
No 12(75) 21(56.8) 

Thinning of corpus callosum Yes 5(31.3) 14(40) 0.52 
No 11(68.8) 22(59.5) 

Cerebral cortical atrophy Yes 5(31.3) 14(37.8) 0.65 
No 11(68.8) 23(62.2) 

Delayed myelination Yes - 8(21.6) 0.08 
No 16(100) 29(78.4) 

Periventricular leukomalacia   Yes 10(62.5) 4(10.8) <0.001 
No 6(37.5) 33(89.2) 

Cortical signal intensity change Yes 1(6.3) 3(8.1) - 
No 15(93.8) 34(91.9) 

Thalamic abnormality Yes - 3(8.1) 0.6 
No 16(100) 34(91.9) 

Basal ganglia abnormality Yes - 3(8.1) 0.6 
No 16(100) 34(91.9) 
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Considering MRI findings suggestive of chronic injury, thinning of corpus callosum and cerebral 

cortical atrophy were seen 31.35 & 40% and 31.3% 37.3% respectively in preterm and term 

infants. Whereas patterns indicative of profound/severe hypoxic ischemic injury were only seen 

in term infants, thalamic and basal ganglia abnormality, each seen in 3 (8.1%) of term infants.No 

cases of peri -Rolandic cortex or brain stem involvement. 

Early Brain MRI abnormalities following perinatal asphyxia such as T1 hyperintensity, and 

DWI/ADC abnormalities were not found in this study. Table 4 

Table 5 Association between pattern of MRI findings and GDD and Seizure, among children with 
abnormal MRI findings n=53 

MRI finding   Frequency 
(percentage) 

P-
valu

e 

Frequency 
(percentage) 

P-
valu

e GDD Seizure 

yes No  Yes No 

Subcortical/watershed  
border zone T2/FLAIR abnormalities  

Ye
s 

14(48.3
) 

12(50) 0.9 4(33.
3) 

22(53.
7) 

0.22 

 No 15(51.7
) 

12(50)  8(66.7) 19(46.
3) 

Encephalomalacia Ye
s 

14(48.3
) 

6(25) 0.08 5(41.7) 15(36.
6) 

0.75 

No 15(51.7
) 

18(75) 7(58.3) 26(63.
4) 

Cerebral cortical atrophy Ye
s 

7(24.1) 12(50) 0.05
1 

5(41.7) 14(34.
1) 

0.74 

No 22(75.9
) 

12(50) 7(58.3) 27(65.
9) 

Periventricular leukomalacia   Ye
s 

7(24.1) 7(29.2) 0.68 4(33.3) 10(24.
4) 

0.71 

No 22(75.9
) 

17(70.8
) 

8(66.7) 31(75.
6) 

 T2/FLAIR Cortical signal intensity 
change 

Ye
s 

2(6.9) 2(8.3) - 2(16.7) 24.9() 0.21 

No 26(89.7
) 

22(91.7
) 

10(83.3
) 

39(95.
1) 

Thalamic abnormality Ye
s 

3(10.3) - 0.24 - 3(7.3) - 

No 26(89.7
) 

24(100) 12(100) 38(92.
7) 

Basal ganglia abnormality Ye
s 

2(6.9) 1(4.2) 0.7 1(8.3) 2(4.9) 0.6 

No 27(93.1
) 

23(95.8
) 

11(91.7
) 

39(95.
1) 
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Subcortical/watershed border zone abnormalities and encephalomalacia were observed in 48.3% 

of patients who presented with GDD each, with no significant difference between those patients 

presenting with or without GDD. Encephalomalacia occurred in 48.3% of patients, with a higher 

percentage noted than in those without GDD (25%). Cerebral cortical atrophy and periventricular 

leukomalacia were present in 24.1% of patients who presented with GDD each, with no 

substantial difference based on presentation with or without GDD. Whereas, 

Subcortical/watershed border zone hyperintensities and Periventricular leukomalacia were 

identified in 33.3% of patients presenting with seizures each, with no significant difference 

between those patients presenting with or without seizures. Encephalomalacia and Cerebral 

cortical atrophy was noted in 41.7% of seizure cases each, similarly no significant difference 

seen between those patients presenting with or without seizures. Table 5 
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Discussion 

In this study, out of 797 pediatric patients who had Brain MRI evaluation during the one -year 

study period at Yehuleshet specialty clinic, 70 (8.8%) patients had history of perinatal asphyxia. 

This result is consistent with earlier research evaluating the prevalence of perinatal asphyxia, 

especially in low- and middle-income nations such as Nigeria (21.1%), India (6.6%), and 

Cameron (8.5%) (25). However, the prevalence of birth asphyxia in our study was lower than 

other studies done in different hospitals of Ethiopia, Dilla (32.8%), Gondar referral public 

Hospital (27.1%), and Aykel,North central Ethiopia  (11.11%)(26–28).  this could be the result 

of differences in the study's sample size, research design, and—most importantly—its objective, 

since our study only looked at the patterns of MRI findings in patients presented with neurologic 

symptoms following perinatal asphyxia , while the previously mentioned studies emphasized 

more on the magnitude of perinatal asphyxia in newborns at the referral centers for prenatal 

asphyxia. 

There is limited information on the prevalence and risk factors of perinatal asphyxia in low-

income countries like Ethiopia, even though prenatal hypoxia considerably increases neonatal 

morbidity and mortality in developing nations. 

In this study, we analyzed a total of 70 pediatric patients who had MRI evaluations at Yehuleshet 

specialty clinic and had a history of prenatal asphyxia.  Out of 70 patients with clinical diagnosis 

of prenatal asphyxia,53(75.7%) has abnormal MRI findings which is comparable with other 

studies analyzing abnormal MRI findings in child with developmental delay showed abnormality 

attributed to prenatal asphyxia in majority of the cases(4,29).The age of patients at time of MRI 

evaluation ranged from 2 months to 14 years of age and majority of our patients 43 (61.4%) were 

presented for neurologic symptoms at the age group of 1 to 5 years. Most patients in this study 

are male (70%) in line with other study done in India and Australia, which reported higher 

proportion of male patients, 70% and 54.1%, than female patients, 30% and 45.9%, respectively 

(15,29). 

However, the prevalence of certain risk factors such as prolonged labor, fetal distress, maternal 

RVI serostatus, gestational diabetes mellitus (GDM), and maternal preeclampsia/eclampsia 

(PE/EC) was not documented in our cases, limiting our ability to draw direct comparisons with 

other studies. These is mainly attributable to that our study was a retrospective study done by 

reviewing patients’ chart and most of those variables were not recorded on charts. Future 

research should aim to investigate if these risk factors have any correlation with perinatal 

asphyxia and impact on MRI findings pattern in patients with hypoxic ischemic encephalopathy. 

Global Developmental Delay (GDD), seen in 61.4% of the individuals in this study, was the 

most common clinical manifestation. Seizures were the second most common presentation, 

occurring in 21.4% of patients. Cerebral Palsy and extremity weakness were each reported in 

approximately 7.1%, while microcephaly specifically was documented in 5.7% of cases. 

Additionally, other presentations were documented in 12.9% of patients. These findings are 

consistent with previous studies that have correlated late Magnetic Resonance Imaging (MRI) 

findings with clinical outcomes in patients with Hypoxic Ischemic Encephalopathy (HIE). Study 

done in Ethiopia by Balcha TE in children undergone brain Magnetic Resonance Imaging (MRI) 



15 
 

evaluation for the developmental delay,45.7% has imaging pattern attributed to Hypoxic-

ischemic insults(4). An institutional study done in India in 2022 GC, observed that 

developmental delay was the most commonly associated clinical entity, with periventricular 

leukomalacia and subcortical/periventricular white matter hyperintensities being the most 

prevalent MRI findings in preterm and full-term patients, respectively(15). These studies 

highlight the importance of MRI in assessing the severity of hypoxic-ischemic injury and 

predicting neurodevelopmental outcomes in HIE patients. (30–35) .Our study, however did not 

find statistically significant association between MRI imaging patterns and clinical presentations. 

The results of our study show that, in infants with abnormal MRI findings, there is a substantial 

correlation between gestational age and a pattern of MRI findings. In our study majority of the 

patients with clinical diagnosis of perinatal asphyxia had term delivery 52(74.3%) and 18(25.7%) 

are preterm. Among patients with abnormal MRI findings, preterm showed higher percentage 

88.9% (16/18) while term had 71.2% (37/52) which consistent with other studies (15,29).  

Consistent with previous research, our study found a significantly higher proportion of preterm 

infants with periventricular leukomalacia on MRI compared to full-term infants (62.5% vs. 

10.8%, respectively; p-value < 0.001) (36,37). For example, a study done in Australia found 

periventricular leukomalacia on MRI in 66.6% of preterm infants which is in line with our 

finding (62.5%)(29).  Additionally, this finding highlights the vulnerability of immature 

brain/germinal matrix zone in preterm infants which is susceptible to hypoxic ischemic injury. 

 Additionally, our study revealed that term infants had a significantly higher proportion of 

subcortical/watershed border zone hyperintensities on MRI compared to preterm infants (64.9% 

vs. 12.5%, respectively; p-value = 0.001). These findings are consistent with various previous 

studies that have reported that subcortical/watershed border zone hyperintensities is most 

common in term infants with hypoxic-ischemic encephalopathy in the setting of mild to 

moderate hypoxia with a prolonged duration (9,15,23,24,29,34,37–40). 

In this study, Corpus callosum thinning and cerebral cortical atrophy were seen in 40% term 

,31.3% preterm infants and 37.8% of term ,31.3% preterm respectively for each cases indicating 

that chronic changes after HIE were common MRI findings. This is consistent with recent 

research that found that as an injury progresses from acute to chronic, the damaged zones exhibit 

corpus callosum thinning and cerebral cortical atrophy. (36)  

Only three (8.1%) of the term infants in this study had thalamus and basal ganglia abnormalities 

each. Nonetheless, thalamic and basal ganglia abnormalities have been shown in previous studies 

to have characteristic MRI patterns that serve as the main predictor of profound hypoxia injury in 

term and preterm infants(37).Brainstem, and cerebellum infarctions are also associated with 

severe hypoxic injury(37). Furthermore, other various studies reported that the presence of basal 

ganglia abnormalities on conventional MR images and on diffusion-weighted MR images 

portend a poor outcome.(41–43)  
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This study did not find statistically significant correlation between clinical presentation and 

specific Brain MRI pattern as opposed to study done by Shankaran S etal which showed basal 

ganglia and thalamic involvement has association with motor disorders while cortical 

involvement is associated with cognitive disability(44). 

Understanding these associations can aid in the diagnosis and management of infants with 

hypoxic-ischemic encephalopathy, allowing for more targeted interventions and improved 

outcomes. 

  



17 
 

Limitation 

The study is subject to several limitations. First, the retrospective nature of the study, relying on 

chart reviews, resulted in incomplete documentation of certain key variables, such as risk factors 

(prolonged labor, fetal distress) and Apgar scores in a significant number of cases. This 

incomplete data limits the ability to draw comprehensive conclusions and comparisons with 

other studies. Additionally, the lack of information on certain risk factors hinders a thorough 

exploration of their correlation with perinatal asphyxia and their influence on MRI findings.  
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Conclusion 

This study conducted in Addis Ababa, Ethiopia showed high magnitude of perinatal asphyxia 

(8.8%) among pediatric patients with neurology clinic visits. Brain MRI imaging showed 

abnormality in majority of cases with specific dominant patterns seen being periventricular 

leukomalacia and subcortical/deep watershed hyperintensities for preterm and term infants 

respectively indicating that brain MRI should be used as primary diagnostic work up for these 

patients. Global Developmental Delay (GDD) followed by seizure are the commonest clinical 

presentations in this study. Prenatal and perinatal risk factors were unknown in majority of cases, 

hence their impact on MRI findings were not assessed.  
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Recommendation 

• Need for prospective studies that rigorously collect comprehensive data on risk factors 

associated with perinatal asphyxia, including prolonged labor and fetal distress. This 

would facilitate a more thorough analysis of the relationship between these factors, 

prenatal asphyxia and MRI findings, enhancing diagnostic precision.  

•  Complete and accurate documentation of Apgar scores in pediatric cases undergoing 

MRI evaluations for prenatal asphyxia to improve the understanding of neonatal 

outcomes.  

• Lastly, further research should focus on developing interventions and strategies tailored 

to the specific MRI findings using better quality and early Brain MRI utilization among 

patients with clinical diagnosis of prenatal asphyxia, to enhance the diagnosis and 

management of infants with hypoxic-ischemic encephalopathy. 
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Annexes  

Data Collection Tool 

 

 

Questionnaire Code____________________ 

Instructions to the data collectors  

This questionnaire contains two parts; Read each part carefully and 

encircle appropriate number of responses. If more than one response is 

needed, it’s possible to encircle more than one response only in 

response column. 

 

Table 6: Part1- Socio-demographic and Part2-Clinical Data 

 Variables  Response  

1 Study number  

I care/Chart number 

……………….. 

………………… 

Part 1: Socio-demographic profile  

2 

 

Gender       1.  Male 

2. Female  

3. Age (months/years) ________ yrs  _______months 

4. Address  1. Rural 

2. Urban 

Part II: Clinical profile  

5. ANC follow-up  

6. Gestational age at 

delivery  

1 preterm 

2 Term 

 3 Post term  

7. Mode of delivery  1) SVD 

2) Instrumental vaginal delivery  



25 
 

3) C-Section  

8. Site of delivery  1) Health center/Hospital  

2) Clinic 

3) Home 

9. Any risk factor for 

HIE 

1) Yes  

2)  No 

  

10. Type of risk factor  1) Prolonged labour  

2) Any cardiac abnormality on CTG  

 

11. Duration of injury  1) Prolonged 

2) Short  

 

12. Degree of injury  1) Mild to moderate 

2) Severe  

 

Table 7: Part 3: MRI findings 

Part III: MRI findings 

11 Age at which MRI is taken  1 ) neonate 

,specify dates 

3) Les s than six 

month  

4) 6month -2yrs  

5) 2yrs-5yrs  

6) >5yrs  

12.  Any MRI findings  1) Yes  
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2) No 

13. T1 basal ganglia hyper intensity  1)yes  

2)N0  

14. T1 thalamic hyper intensity  1)yes  

2) No  

15. Absent posterior limb sign  1) Yes  

2) No  

16. DWI/ADC abnormality  1) Yes  

2) No 

17. Cortical signal intensity change  1) Yes  

2) No  

18. Periventricular leukomalacia  1) Yes  

2) No  

19. Water shed infarct 1 ) yes  if yes  

Deep white 

matter/superficial  

2)No  

 

 

 

 

 

 

  

 


