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ABSTRACT 
Background: Developmental delay (DD) is a significant neurodevelopmental disorder affecting motor, 
cognitive, language, and social skills. Identifying underlying structural abnormalities through Magnetic 
Resonance Imaging (MRI) is crucial for early intervention. This study evaluates the role of brain MRI in 
detecting abnormalities in children with developmental delay and determines the most common 
etiological factors. 
Materials and Methods: A prospective observational study was conducted at a tertiary care center over 
24 months, including 150 children aged 6 months to 12 years diagnosed with developmental delay. MRI 
scans were performed using a 1.5 Tesla Siemens Magnetom Sempra system with standard and advanced 
sequences. Findings were classified into normal and abnormal groups, with abnormalities further 
categorized based on etiology. Data analysis was performed using SPSS software, and categorical variables 
were expressed as percentages.   
Results: MRI abnormalities were observed in 110 cases (73.4%), while 40 cases (26.6%) had normal MRI 
findings. Perinatal hypoxic-ischemic injury (HII) was the most common etiology (42%), followed by 
structural brain malformations (10%) and metabolic/leukodystrophy disorders (6.6%). The most 
commonly affected structures included white matter (58.6%), ventricles (42%), and cortex (39%). Seizures 
were present in 39% of cases, with a higher likelihood of abnormal MRI findings in patients with additional 
neurological deficits. 
Conclusion: MRI plays a crucial role in diagnosing DD, with HII being the leading etiology. However, 26.6% 
of cases had normal MRI, emphasizing the need for further genetic and metabolic evaluations. Early 
identification of treatable conditions through MRI can improve patient outcomes. 
Key Words: Developmental delay, Magnetic Resonance Imaging, Hypoxic-Ischemic Injury, Pediatric 
Neuroimaging, Leukodystrophy. 
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INTRODUCTION 
Developmental delay (DD) is a significant neurodevelopmental concern characterized by the failure to 
achieve age-appropriate milestones in one or more domains, including motor, language, cognitive, and 
social skills. The condition may manifest as a transient delay or as a precursor to long-term disabilities, 
affecting a child's ability to acquire essential skills required for independence and learning [1]. Global 
developmental delay (GDD) is diagnosed when two or more domains are affected in children under five 
years of age, necessitating further evaluation to determine the underlying etiology [1]. Early recognition 
of developmental delay is crucial for timely intervention, which can substantially improve outcomes by 
facilitating targeted therapies and support [2]. 
Magnetic Resonance Imaging (MRI) is an invaluable non-invasive diagnostic modality in the evaluation of 
children with developmental delay. MRI provides superior soft tissue contrast and detailed visualization 
of brain structures without ionizing radiation, making it a preferred imaging tool over computed 
tomography (CT) [1]. The ability of MRI to detect structural abnormalities, such as neuronal migration 
disorders, hypoxic-ischemic injury, congenital malformations, and white matter abnormalities, enhances 
its role in determining the etiology of developmental delay [1,3,4]. 
Advanced MRI techniques, including diffusion tensor imaging (DTI), proton magnetic resonance 
spectroscopy (MRS), and magnetization transfer imaging (MTI), offer further insights into microstructural 
and metabolic abnormalities. These techniques aid in the assessment of neuronal integrity and 
myelination patterns; however, their diagnostic yield remains an area of ongoing research and is currently 
recommended as a second-line investigation in selected cases [5]. 
By systematically evaluating MRI findings in children with developmental delay, this study aims to 
establish the prevalence of various structural abnormalities, provide insights into the most frequently 
encountered etiologies, and assess the proportion of children presenting with normal imaging findings. 
Understanding these patterns is essential for improving diagnostic accuracy, guiding management 
strategies, and counseling families regarding prognosis and recurrence risks. 
 
 
 
 
MATERIAL AND METHODS 
This study was conducted at the Department of Radiodiagnosis, B. J. Medical College & Civil Hospital, 
Ahmedabad, over a period of 24 months, from August 2022 to July 2024. It was an observational and 
descriptive study designed to evaluate the role of brain MRI in children presenting with developmental 
delay. A total of 150 pediatric patients, aged between six months and 12 years, were included in the study. 
The study population consisted of patients referred from Gujarat, Rajasthan, and Madhya Pradesh for 
neuroimaging assessment due to developmental concerns. 
Developmental delay was defined as the failure to achieve expected developmental milestones within an 
appropriate time frame. The severity was categorized as mild, moderate, or severe based on standardized 
norm-referenced testing. Inclusion criteria encompassed all children referred for brain MRI with a clinical 
diagnosis of developmental delay. Children with known genetic syndromes such as Down syndrome, 
where chromosomal investigations are definitive, and those with contraindications to MRI (e.g., cochlear 
implants) were excluded from the study. Written informed consent was obtained from the parents or 
guardians before conducting the MRI examination. 
MRI imaging was performed using a 1.5 Tesla Siemens Magnetom Sempra unit with a 16-channel head 
coil. The imaging protocol included standard sequences such as T1-weighted, T2-weighted, FLAIR (Fluid-
Attenuated Inversion Recovery), and Diffusion-Weighted Imaging (DWI). Additional sequences, including 
susceptibility-weighted imaging (SWI) and coronal T2-weighted images, were employed for detecting 
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specific abnormalities. In cases where epilepsy or metabolic disorders were suspected, advanced 
sequences such as T2 coronal oblique and coronal inversion recovery were utilized. Contrast-enhanced 
MRI using intravenous gadolinium (0.2 ml/kg) was performed in 41 patients where tumors or 
inflammatory conditions were suspected. 
The MRI examinations were performed with or without sedation, based on patient compliance. Sedation 
or anesthesia was administered in 118 cases under the supervision of an anesthetist. The sedation 
protocol involved intravenous administration of propofol (2.5 mg/kg), thiopentone (5-8 mg/kg), or 
ketamine (1 mg/kg), followed by continuous monitoring of oxygen saturation and vital parameters. 
Patients were observed post-procedure for two hours to ensure recovery without complications. 
All MRI scans were interpreted by experienced radiologists, and findings were categorized into normal 
and abnormal groups. Abnormalities were further classified based on etiology, including congenital 
malformations, perinatal hypoxic-ischemic injury, metabolic and degenerative disorders, neurovascular 
insults, and infectious causes. The frequency and distribution of these findings were analyzed. The 
statistical analysis was performed using SPSS software, and categorical variables were expressed as 
percentages. 
RESULTS 
Out of the 150 cases included in the study, abnormal MRI findings were detected in 110 cases (73.4%), 
while 40 cases (26.6%) had normal MRI findings. The distribution of MRI findings varied across different 
age groups, with the highest proportion of abnormal findings observed in the 2 to <5 years age group, 
followed by the 1 to <2 years group (Table 1). No abnormal MRI findings were noted in children younger 
than one year, whereas the proportion of normal MRI findings decreased with increasing age. 

Table 1: Age distribution with normal and abnormal MRI findings 

Age distribution (years) Abnormal MRI Normal MRI 

 Number Percentage Number Percentage 

< 1 year 4 2.6% - 0% 

1 to < 2 years 29 19.3% 9 6% 

2 to <5 years 49 32.6% 21 14% 

5 to <8 years 14 9.3% 9 6% 

8-12 years 14 9.3% 1 0.6% 

Gender-wise analysis showed that males had a higher proportion of abnormal MRI findings (68 cases, 
45.3%) compared to females (42 cases, 28%). However, normal MRI findings were also more frequent 
among males (23 cases, 15.3%) compared to females (17 cases, 11.3%) (Table 2). 

Table 2: Gender distribution with normal and abnormal MRI findings 

Gender distribution  Abnormal MRI Normal MRI 

 Number Percentage Number Percentage 

Male 68 45.3% 23 15.3% 

Female 42 28% 17 9.3% 

Patients with isolated developmental delay had a lower percentage of abnormal MRI findings (65.6%) 
compared to those with developmental delay plus additional clinical features (79.5%). The additional 
clinical features included seizures, neurological deficits, visual disturbances, and gait abnormalities (Table 
3). Among the associated neurological disorders, motor deficits were the most common (10.6%), followed 
by hypo/dystonia (4.6%), tremors (2.6%), ataxia (1.3%), and visual problems (1.3%) (Figure 1). 

Table 3: Patients with developmental delay only and developmental delay plus 

 Abnormal MRI Normal MRI Total 

Developmental delay 44 23 67 

Developmental delay plus 66 17 83 
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Figure 1: Graph showing different associated disorders in our study group 

Seizures were a significant comorbidity in children with developmental delay, observed in 39% of cases 
(59 out of 150) (Figure 2). Other associated clinical conditions included microcephaly (12 cases), positive 
sibling history (5 cases), congenital heart disease (3 cases), severe acute malnutrition (4 cases), and 
hypothyroidism (1 case) (Table 4). 

 
Figure 2: Study population with seizures 
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Table 4: Associated clinical presentation with Developmental delay 

Clinical Presentation Number of Patients 

Microcephaly 12 

Positive sibling history 5 

Congenital heart Disease 3 

Severe Acute malnutrition 4 

Hypothyroidism 1 

 
Among the various etiologies identified, perinatal hypoxic-ischemic insult was the most common cause 
(42%), followed by structural brain malformations (10%) and metabolic/leukodystrophy disorders (6.6%). 
Other less frequent causes included post-traumatic insults (2%), post-infectious brain insults (0.65%), 
hydrocephalus (2%), cerebral atrophy (4%), delayed myelination/dysmyelination (4.7%), and cavernous 
venous malformations (0.6%). MRI findings were normal in 26.6% of cases (Table 5). 

Table 5: Etiological classification in our study 

ETIOLOGY No of patients Percentage 

Perinatal hypoxic-ischemic insult 63 42% 

Structural brain malformations 15 10% 

Metabolic and leukodystrophy disorders 10 6.6% 

Neoplastic aetiology 1 0.65% 

Post traumatic insult 3 2% 

Post-infectious insult (brain) 1 0.65% 

Nonspecific findings 

Hydrocephalus 3 2% 

Cerebral atrophy 6 4% 

Delayed Myelination/ Dysmyelination 7 4.7% 

Cavernous venous malformations 1 0.6% 

Normal MRI 40 26.6% 

Total 150 100 % 

 
 
Among the 110 cases with abnormal MRI findings, white matter abnormalities were the most common 
(58.6%), followed by ventricular involvement (42%), cortical abnormalities (39%), corpus callosum 
abnormalities (36%), and deep gray matter involvement (12%). Less commonly affected structures 
included the cerebellum (7%) and brainstem (5%) (Table 6). Many patients exhibited involvement of 
multiple brain structures. 

Table 6: Structural distribution of MRI findings of the brain in patients with developmental delay 

Anatomical structures Number Percentage 

Cortex 58 39% 

White matter 88 58.6 % 

Ventricles 63 42% 

Corpus callosum 55 36% 

Cerebellum 10 7% 

Deep gray matter 18 12% 

Brainstem 7 5% 

Nonspecific 40 27% 
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The pattern of white matter involvement varied, with periventricular white matter abnormalities being 
the most frequent (27 cases), followed by combined periventricular and subcortical white matter 
involvement (26 cases), diffuse white matter abnormalities (22 cases), isolated subcortical white matter 
changes (4 cases), focal white matter abnormalities (5 cases), and isolated deep white matter 
involvement (1 case) (Figure 3). Corpus callosum abnormalities were frequently observed, with diffuse 
thinning in 30 cases, body involvement in 23 cases, and rostrum being the least affected part (2 cases) 
(Figure 4). 
 

 
Figure 3: Pattern of white matter involvement 

 

 
Figure 4:  Distribution of diffuse versus specific affected parts of the corpus callosum in our study 
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was the most common perinatal complication, followed by meconium-stained labor (11%), neonatal 
jaundice (6.3%), neonatal convulsions (9.5%), hypoglycemia (6.3%), respiratory distress syndrome (3.2%), 
and neonatal sepsis (9.5%) (Table 7). 

Table 7: Risk factors in children with developmental delay secondary to perinatal hypoxic ischaemic 
insult and its gender distribution in our study 

Gender Number of cases Percentage (Out of 63 cases) 

Male 39 61.9% 

Female 24 38.1% 

 

Maternal complications 8 12.6% 

 

Maturity   

Preterm 21 33.3% 

Full term 42 66.6% 

 

Low birth weight 14 22.2% 

 

Mode of delivery   

Vaginal 36 57.1% 

Assisted 1 1.6% 

Caesarean section 24 38.1% 

Vaginal Home Delivery 2 3.2% 

 

Perinatal complications   

Birth asphyxia 31 49.2% 

Meconium-stained labour 7 11% 

Neonatal jaundice 4 6.3% 

Respiratory distress syndrome 2 3.2% 

Septicaemia 6 9.5% 

Neonatal convulsions 6 9.5% 

Hypoglycaemia 4 6.3% 

MRI findings in perinatal hypoxic-ischemic injury varied between term and preterm neonates. 
Periventricular leukomalacia (18 term, 5 preterm cases) and cystic encephalomalacia (11 term, 3 preterm 
cases) were common in both groups. Thinning of the corpus callosum was observed in 25 term and 10 
preterm neonates, while diffuse cerebral atrophy was noted only in one preterm case (Table 8). 

Table 8: Distribution of MRI findings in perinatal hypoxic ischaemic insult among term & preterm 
neonates 
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MRI findings Term Preterm 

Periventricular leukomalacia 18 5 

Cystic encephalomalacia 11 3 

Thinning of corpus callosum 25 10 

Diffuse cerebral atrophy - 1 

Peri rolandic cortex 1 0 

Basal ganglia and Thalami involvement 6 2 

Brainstem 2 0 

Cerebellum 1 0 

Structural brain abnormalities were noted in 15 cases, with malformations of cortical development being 
the most common (6 cases), followed by corpus callosum agenesis/hypogenesis spectrum (3 cases), Chiari 
malformations (2 cases), Blake pouch cyst (1 case), semi-lobar holoprosencephaly (1 case), focal cortical 
dysplasia (1 case), and microcephaly with hypoplastic lateral ventricles (1 case) (Table 9). 

Table 9: Structural brain abnormalities 

 Spectrum of cases Number of cases 

Corpus callosum agenesis-hypo genesis spectrum 3 

Malformations of cortical malformations 6 

Chiari malformation 2 

Blake pouch Cyst 1 

Semi lobar holoprosencephaly 1 

Focal cortical dysplasia 1 

Microcephaly with hypoplastic lateral ventricles 1 

Total 15 

Among the six cases with metabolic disorders, two cases had glutaric acidemia type I, one case had 
methylmalonic acidemia, two cases had GM2 gangliosidosis (Tay-Sachs disease), and one case had 
refractory metabolic acidosis (Table 10). 

Table 10: Neurometabolic disorders 

Spectrum of cases No of cases Metabolic workup done 

Glutaric aciduria Type I 2 Tanden mass spectroscopy s/o glutaric aciduria 

Methyl malonyl acidemia 1 Known case of methyl malonyl acidemia 

Type 2 Gangliosidosis (Tay 
Sachs disease) 

2 Not done 

Others 1 Refractory metabolic acidosis 

 
Leukodystrophy disorders were identified in four cases, including one case of X-linked 
adrenoleukodystrophy (diagnosed via elevated plasma very long-chain fatty acids), two cases of 
metachromatic leukodystrophy (confirmed via urine sulfatide levels), and one case of megalencephalic 
leukoencephalopathy with subcortical cysts (Van der Knaap disease) (Table 11). 

Table 11: Leukodystrophy disorders 

Spectrum of cases No of cases Metabolic work up 

X Linked adrenoleukodystrophy 1 Elevated plasma VLCFA levels 

Metachromatic leukodystrophy 2 Elevated urine sulfatide levels 

Megalencephalic leukoencephalopathy with 
subcortical cysts (Van der Knaap disease) 

1 - 
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A                                                                      B 

 
Image 1: Cystic Encephalomalacia -Sequelae of Perinatal Hypoxic Ischaemic Insult 

 
A) Axial T1WI B) Axial T2WI images show CSF intensity areas with thinning of cortex and white matter 
volume loss in subcortical & periventricular matter with peripheral T2 hyperintensity involving peri 
rolandic region of bilateral high frontoparietal lobe, diffuse cerebral atrophy and microcephaly. 
 
DISCUSSION 
Magnetic Resonance Imaging (MRI) plays a crucial role in evaluating the etiology of developmental delay, 
helping identify structural brain abnormalities that guide clinical management. In this study, we found 
abnormal MRI findings in 73.4% of cases, consistent with previous reports emphasizing MRI’s diagnostic 
utility in children with developmental delay [6,7] 
Perinatal hypoxic-ischemic injury (HII) emerged as the most common etiology (42% of cases), aligning with 
existing literature on perinatal asphyxia as a major contributor to neurodevelopmental impairment [8,9]. 
The pattern of injury varied with gestational age—basal ganglia/thalamic involvement was common in 
term neonates, whereas periventricular leukomalacia (PVL) was predominant in preterm infants—
reflecting known differences in cerebral vulnerability [10,11]. 
Congenital brain malformations were observed in 10% of cases, including lissencephaly, corpus callosum 
agenesis, and schizencephaly, which are strongly linked to neuronal migration defects [12,13]. MRI 
remains the gold standard for diagnosing these anomalies, allowing early intervention and 
prognostication [14]. 
Metabolic and leukodystrophy disorders were identified in 6.6% of cases, with conditions such as glutaric 
aciduria type I, methylmalonic acidemia, and adrenoleukodystrophy [15,16]. These disorders often 
present with progressive neurodegeneration, making early detection crucial for targeted therapy [17]. 
Advanced imaging techniques like magnetic resonance spectroscopy (MRS) and diffusion tensor imaging 
(DTI) could enhance diagnostic accuracy in these patients [18]. 
Seizures were a frequent comorbidity, affecting 39% of cases, with a strong association between epilepsy 
and structural brain abnormalities, particularly cortical dysplasia and perinatal injury [19,20]. Patients with 
developmental delay plus additional neurological features (e.g., gait disturbances, hypotonia, and visual 
impairment) had a higher likelihood of abnormal MRI findings (79.5%) compared to those with isolated 
developmental delay (65.6%) [21]. 
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Normal MRI findings were seen in 26.6% of cases, suggesting alternative etiologies such as genetic, 
metabolic, or functional abnormalities that standard imaging may not detect [22,23]. This highlights the 
need for adjunct investigations like genetic testing and metabolic screening in children with unexplained 
developmental delay [24]. 
The study's limitations include the lack of genetic and metabolic evaluations in all cases, potentially 
underestimating these disorders. Additionally, as a tertiary-care hospital-based study, referral bias may 
have led to an overrepresentation of severe cases. Future research should incorporate multi-modal 
imaging and genomic studies to improve diagnostic precision in developmental delay. 
CONCLUSION 
This study underscores the crucial role of MRI in identifying structural abnormalities in children with 
developmental delay, with HII emerging as the most common etiology. The high proportion of normal MRI 
findings (26.6%) highlights the need for further genetic and metabolic investigations in unexplained cases. 
Early identification of treatable conditions, such as metabolic disorders, remains a key goal in pediatric 
neuroimaging. Future advancements in functional neuroimaging and molecular diagnostics may provide 
further insights into cases where conventional MRI fails to identify abnormalities. 
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