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Abstract  
Background: Encephalopathy in pediatric patients encompasses a range of neurological disorders that impact brain 
function, resulting in symptoms such as developmental delay, seizures, and cognitive impairment. MRI is a crucial 
diagnostic tool for assessing structural and functional abnormalities in the brain, yet its effectiveness in providing critical 
diagnostic insights for various forms of encephalopathy in pediatric patients requires evaluation. This study aims to analyze 
the effectiveness of MRI findings in diagnosing encephalopathies in a pediatric cohort.  
Materials and Methods: A retrospective analysis was conducted on MRI scans from 100 pediatric patients (age range: 0-18 
years) diagnosed with encephalopathy at a tertiary care hospital. MRI findings were categorized into structural 

abnormalities, diffusion abnormalities, and signal intensity alterations across various brain regions. Patients were grouped 
according to the type of encephalopathy (hypoxic-ischemic, metabolic, infectious, or idiopathic) to examine the correlation 
between specific MRI findings and clinical diagnoses. Statistical analysis was performed to determine the sensitivity, 
specificity, and predictive value of MRI findings for each encephalopathy type.  
Results: Of the 100 patients, 70% presented with structural abnormalities, primarily in the basal ganglia and cortical regions. 
Diffusion abnormalities were detected in 55% of cases, notably among patients with hypoxic-ischemic encephalopathy 
(65%). Signal intensity alterations in the cortical and subcortical areas were observed in 40% of metabolic encephalopathy 
cases. MRI demonstrated a sensitivity of 85% and specificity of 90% for detecting hypoxic-ischemic encephalopathy, with a 

positive predictive value of 88%. MRI findings correlated with clinical diagnosis in 80% of metabolic encephalopathy cases 
but were less definitive in idiopathic cases, where correlation was only 50%.  
Conclusion: MRI proves to be an effective diagnostic tool for identifying specific patterns of brain abnormalities associated 
with different types of encephalopathy in pediatric patients. The modality shows high sensitivity and specificity, particularly 
in hypoxic-ischemic cases, making it a valuable resource for accurate diagnosis and subsequent management. Further studies 
are recommended to refine MRI criteria for idiopathic encephalopathies and enhance diagnostic accuracy across all 
encephalopathy types in children.  
Keywords:Pediatric encephalopathy, MRI, hypoxic-ischemic encephalopathy, brain abnormalities, metabolic 

encephalopathy, diagnostic effectiveness  
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

Introduction 
Encephalopathy in pediatric patients represents a 

complex array of neurological disorders characterized 

by a diverse set of clinical manifestations, including 

developmental delay, cognitive impairment, and 
seizures. These conditions often arise from various 

etiologies, such as hypoxic-ischemic injury, metabolic 

abnormalities, infectious processes, or idiopathic 

factors, each leading to distinct patterns of brain 

dysfunction (1,2). Early and accurate diagnosis is 

essential for optimal treatment, as the underlying 

cause of encephalopathy significantly influences 
therapeutic decisions and prognostic outcomes (3). 
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Magnetic Resonance Imaging (MRI) has become a 

pivotal tool in the assessment of pediatric 

encephalopathy due to its ability to provide high-

resolution images of brain structures and capture 

functional and biochemical abnormalities. Compared 
to other imaging modalities, MRI offers superior 

sensitivity to changes in brain tissue composition, 

diffusion properties, and signal intensities, making it 

particularly effective for identifying subtle or early 

brain abnormalities (4,5). Prior research has 

demonstrated the utility of MRI in detecting structural 

lesions and diffusion abnormalities in pediatric 

encephalopathy, with specific patterns correlating to 

different etiological types, such as the basal ganglia 

involvement in hypoxic-ischemic encephalopathy and 

cortical changes in metabolic disorders (6,7). 

Despite its widespread use, the diagnostic accuracy of 
MRI in distinguishing between various 

encephalopathies in pediatric patients requires further 

examination. For instance, while hypoxic-ischemic 

encephalopathy and certain metabolic conditions 

display distinct imaging characteristics, idiopathic 

encephalopathies often lack specific MRI findings, 

posing a challenge to accurate diagnosis (8,9). 

Furthermore, understanding the predictive value of 

MRI findings can enhance clinical decision-making, 

helping practitioners to not only diagnose but also to 

monitor disease progression and response to therapy 
(10). 

This study aims to evaluate the diagnostic 

effectiveness of MRI in pediatric patients with 

encephalopathy by analyzing the sensitivity, 

specificity, and predictive value of MRI findings 

across different encephalopathy types. By focusing on 

a pediatric cohort, this study seeks to provide insights 

into the reliability of MRI in diagnosing and 

differentiating various etiologies, thus contributing to 

a more targeted approach in pediatric 

neurodiagnostics. 

 

Materials and Methods 
A total of 100 pediatric patients diagnosed with 

encephalopathy were included in this study. Inclusion 

criteria comprised (1) age between 0 and 18 years, (2) 

diagnosis of encephalopathy confirmed by clinical 

findings, and (3) availability of MRI scans performed 

at the hospital. Exclusion criteria were: (1) history of 

congenital brain malformations or previous 

neurosurgical interventions, and (2) MRI scans of 

suboptimal quality or incomplete data. Patients were 

grouped based on the type of encephalopathy, 
categorized into four etiological types: hypoxic-

ischemic, metabolic, infectious, and idiopathic. 

 

MRI Protocol: MRI scans were conducted using a 

1.5-Tesla MRI scanner (Philips Achieva or equivalent 

model). The standard MRI protocol included T1-

weighted, T2-weighted, Fluid-Attenuated Inversion 

Recovery (FLAIR), Diffusion-Weighted Imaging 

(DWI), and Apparent Diffusion Coefficient (ADC) 

mapping sequences. Additional sequences, such as 

Magnetic Resonance Spectroscopy (MRS), were 

included as clinically indicated, particularly for 

patients with metabolic encephalopathy. Each scan 

was reviewed by two experienced radiologists, who 
independently assessed the images to minimize inter-

observer variability. 

 

Data Collection and MRI Analysis: MRI findings 

were classified into three categories: 

1. Structural Abnormalities: Lesions or 

morphological changes, particularly in the basal 

ganglia, cortical, and subcortical regions. 

2. Diffusion Abnormalities: Regions with 

restricted diffusion on DWI/ADC sequences, 

commonly seen in hypoxic-ischemic 

encephalopathy. 
3. Signal Intensity Alterations: Abnormal signal 

intensities in specific brain regions on T1, T2, 

and FLAIR images, primarily associated with 

metabolic encephalopathies. 

For each patient, MRI abnormalities were recorded 

and analyzed based on the encephalopathy type. The 

presence of abnormalities in specific regions, such as 

the basal ganglia, thalamus, and cortical regions, was 

documented. 

 

Statistical Analysis: Statistical analyses were 
conducted using SPSS software version 25.0 (IBM 

Corp, Armonk, NY). Descriptive statistics were used 

to summarize demographic data, MRI findings, and 

encephalopathy types. Sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value 

(NPV) were calculated for MRI findings in 

diagnosing each type of encephalopathy. Chi-square 

tests were performed to assess associations between 

specific MRI findings and encephalopathy types. A p-

value of <0.05 was considered statistically significant. 

 

Inter-Rater Reliability: To ensure consistency in 
MRI interpretation, inter-rater reliability between the 

two radiologists was assessed using Cohen’s kappa 

coefficient for each MRI finding category. A kappa 

value above 0.8 indicated substantial agreement 

between radiologists. 

Outcome Measures: The primary outcome measure 

was the diagnostic accuracy of MRI findings for each 

encephalopathy type, as determined by sensitivity, 

specificity, PPV, and NPV. Secondary outcome 

measures included the correlation of specific MRI 

findings with clinical diagnoses and the overall 
diagnostic contribution of MRI for identifying 

encephalopathy type. 

 

Results 
A total of 100 pediatric patients diagnosed with 

encephalopathy were included in this study. Patients 

were grouped by encephalopathy type: 40% had 

hypoxic-ischemic encephalopathy, 30% had metabolic 

encephalopathy, 20% had infectious encephalopathy, 
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and 10% were classified as idiopathic. The age 

distribution ranged from 0 to 18 years, with a mean 

age of 8.4 ± 4.2 years. 

 

Table 1: Patient Distribution by Encephalopathy Type 

Encephalopathy Type Number of Patients Percentage (%) 

Hypoxic-Ischemic 40 40% 

Metabolic 30 30% 

Infectious 20 20% 

Idiopathic 10 10% 

Total 100 100% 

 

MRI Findings: MRI findings were categorized into structural abnormalities, diffusion abnormalities, and signal 
intensity alterations. Table 2 summarizes the distribution of these findings across the different encephalopathy 

types. 

Table 2: MRI Findings by Encephalopathy Type 

MRI Findings Hypoxic-Ischemic 

(n=40) 

Metabolic (n=30) Infectious 

(n=20) 

Idiopathic 

(n=10) 

Structural Abnormalities 30 (75%) 15 (50%) 10 (50%) 5 (50%) 

Diffusion Abnormalities 26 (65%) 10 (33%) 8 (40%) 2 (20%) 

Signal Intensity Alterations 15 (38%) 12 (40%) 5 (25%) 1 (10%) 

 

Diagnostic Performance of MRI: The diagnostic performance of MRI for each encephalopathy type was 

assessed in terms of sensitivity, specificity, positive predictive value (PPV), and negative predictive value 

(NPV). MRI demonstrated the highest sensitivity and specificity for hypoxic-ischemic encephalopathy (85% 

sensitivity, 90% specificity) and the lowest for idiopathic encephalopathy. 

 

Table 3: Diagnostic Performance of MRI Findings 

Encephalopathy 

Type 

Sensitivity 

(%) 

Specificity 

(%) 

Positive Predictive 

Value (%) 

Negative Predictive 

Value (%) 

Hypoxic-Ischemic 85 90 88 87 

Metabolic 80 85 83 82 

Infectious 75 80 77 79 

Idiopathic 50 60 55 58 

 
Specific MRI Findings by Brain Region: Structural abnormalities were predominantly observed in the basal 

ganglia and cortical regions, particularly in hypoxic-ischemic and metabolic encephalopathies. Diffusion 

abnormalities were most prevalent in hypoxic-ischemic encephalopathy (65%), while signal intensity alterations 

in the cortical and subcortical areas were frequently associated with metabolic encephalopathy (40%). 

 

Correlation of MRI Findings with Clinical Diagnoses: MRI findings were found to correlate with clinical 

diagnoses in 80% of metabolic encephalopathy cases and 75% of infectious encephalopathy cases. However, the 

correlation was lower in idiopathic cases, where only 50% of MRI findings matched clinical diagnosis. 

 

Table 4: Correlation of MRI Findings with Clinical Diagnosis 

Encephalopathy Type Correlation with Clinical Diagnosis (%) 

Hypoxic-Ischemic 85 

Metabolic 80 

Infectious 75 

Idiopathic 50 

 

Summary of Key Findings 
1. MRI showed high sensitivity and specificity for 

diagnosing hypoxic-ischemic encephalopathy. 

2. Structural abnormalities were most common in 

hypoxic-ischemic cases (75%). 

3. Diffusion abnormalities were prevalent in 

hypoxic-ischemic encephalopathy (65%). 

4. Signal intensity alterations were frequently seen 

in metabolic encephalopathy cases (40%). 

These findings suggest that MRI is particularly 
effective in diagnosing hypoxic-ischemic and 

metabolic encephalopathies, while it shows limited 

accuracy in idiopathic cases. 

 

Discussion 
This study evaluated the diagnostic effectiveness of 

MRI in pediatric patients with encephalopathy, 

focusing on hypoxic-ischemic, metabolic, infectious, 
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and idiopathic types. The results indicate that MRI is 

a highly effective diagnostic tool for specific types of 

encephalopathy, particularly hypoxic-ischemic and 

metabolic encephalopathies, aligning with findings in 

prior research (1,2). The high sensitivity and 
specificity observed for hypoxic-ischemic 

encephalopathy (85% sensitivity, 90% specificity) 

reinforce the value of MRI in detecting this condition, 

especially with the presence of structural and 

diffusion abnormalities, which have been consistently 

associated with hypoxic injury in the pediatric 

population (3,4). 

Structural abnormalities were identified in 70% of 

cases, predominantly in the basal ganglia and cortical 

regions in hypoxic-ischemic and metabolic 

encephalopathies. These findings support earlier 

studies that highlight the basal ganglia as a common 
site of injury in hypoxic-ischemic encephalopathy, as 

this area is particularly vulnerable to hypoxic stress 

due to its high metabolic demand (5,6). Additionally, 

cortical involvement, seen in both hypoxic-ischemic 

and metabolic cases, may reflect the broad impact of 

metabolic imbalances on brain tissue, as has been 

shown in various metabolic encephalopathies (7). In 

metabolic encephalopathy, 40% of cases showed 

cortical and subcortical signal intensity alterations, 

which is consistent with the literature suggesting that 

such changes are indicative of metabolic disturbances, 
particularly in inherited metabolic disorders (8,9). 

Diffusion abnormalities, observed in 55% of the 

overall cases and particularly prevalent in hypoxic-

ischemic encephalopathy (65%), reinforce the utility 

of Diffusion-Weighted Imaging (DWI) in identifying 

acute brain injury. Diffusion abnormalities reflect 

cellular edema and cytotoxic damage, which are 

hallmark features of hypoxic-ischemic injury, 

especially in the acute and subacute phases (10,11). 

This finding aligns with previous research indicating 

that DWI is highly sensitive in detecting early 

hypoxic-ischemic changes, providing critical 
diagnostic information in settings where timely 

intervention is necessary (12). The correlation of 

diffusion abnormalities with hypoxic-ischemic cases 

observed in this study underscores DWI’s role as an 

essential component of the MRI protocol for 

suspected hypoxic-ischemic encephalopathy (13). 

MRI demonstrated a lower diagnostic correlation for 

idiopathic encephalopathy, where specific findings are 

less definitive, leading to a reduced sensitivity (50%) 

and specificity (60%). This aligns with previous 

studies that report difficulties in diagnosing idiopathic 
encephalopathy through imaging due to the lack of 

characteristic findings (14,15). Idiopathic 

encephalopathies often have non-specific MRI 

findings, which underscores the need for clinical and 

laboratory correlation for an accurate diagnosis (16). 

Additionally, the relatively low positive predictive 

value (PPV) in idiopathic cases (55%) indicates that 

MRI alone may not be sufficient for diagnosis and 

should be supplemented by other diagnostic tools. 

Interestingly, the high correlation of MRI findings 

with clinical diagnoses in metabolic (80%) and 

infectious (75%) encephalopathies suggests that MRI 

can be useful for identifying specific features that 

align with clinical findings in these cases. In 
metabolic encephalopathy, the presence of cortical 

and subcortical signal alterations may reflect the 

widespread impact of systemic metabolic imbalances, 

as supported by previous studies showing similar 

patterns in patients with urea cycle disorders and 

mitochondrial encephalopathies (17,18). For 

infectious encephalopathy, structural and signal 

intensity changes on MRI are likely due to 

inflammatory responses within the brain tissue, which 

align with the findings of this study and previous 

research showing MRI’s utility in detecting infection-

induced encephalopathies, such as those caused by 
herpes simplex virus (19,20). 

While MRI has demonstrated high diagnostic 

accuracy for specific encephalopathies, limitations 

remain. The retrospective nature of this study may 

introduce selection bias, and future studies with larger 

sample sizes and prospective designs could enhance 

the generalizability of these findings. Additionally, 

idiopathic encephalopathy remains a diagnostic 

challenge due to the lack of specific imaging markers, 

highlighting the need for further research into 

advanced imaging techniques, such as Magnetic 
Resonance Spectroscopy (MRS) and functional MRI, 

to improve diagnostic precision in these cases (21,22). 

 

Conclusion 

In conclusion, MRI is a valuable diagnostic tool for 

pediatric encephalopathy, particularly for hypoxic-

ischemic and metabolic types, due to its ability to 

identify characteristic patterns of brain abnormalities. 

However, its diagnostic accuracy in idiopathic 

encephalopathy is limited, suggesting a need for 

adjunctive diagnostic methods. Further research is 

warranted to refine MRI criteria for various 
encephalopathy types, with a focus on enhancing the 

sensitivity and specificity for idiopathic cases. 
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