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PNy W7 :{e3l Introduction: Developmental delay is defined as when a child's progression through predictable
developmental phases slows, stops, or reverses in any of the established developmental domains.

Magnetic Resonance (MR) is the preferred modality to assess these patients and provides much better details than a plain or
contrast CT. Evaluation of such patients is necessary not only for prognosticating the patient but also to identify any genetic
association suggestive of as to provide effective guardian counseling. Thus this study was done to assess the array of imaging
features in developmental delay in Indian children which will help the doctors to estimate the maximum development potential
and cater specific individualized treatment. Aims and Objectives: To study the imaging morphology and its distribution in
patients with developmental delay along with estimation of burden for different etiologies. Materials And Methods: It is a
prospective, observational & descriptive study of MRI Brain in 73 patients (49 Males and 23 Females), aged between one month
to 60 years; presenting with developmental delay in Government medical college and hospital, Nagpur; over a period of 18
months (July 2022 to January 2023). MRI brain was done on 3.0T Siemens Magnetom Vida with routine sequences like T1, T2,
STIR, SWI, FLAIR, IR and DWI. All anatomical structures like gray-white matter, cerebellum, brainstem, ventricles etc. were
systematically assessed. The MRI findings were divided into groups on the basis of etiology. Results: Normal MRI findings were
seen in 23% cases and 77% had abnormal findings. Amongst the abnormal imaging features the attribution to hypoxic,
congenital, metabolic, traumatic and infectious were 48%. 37%, 5% , 2% and 2% respectively. The anatomical structures to
affected most commonly were found to be white matter and ventricles. Conclusion: Rather than considering the clinical
diagnosis of developmental delay as the end-point of algorithm, MRI should be incorporated routinely in such patients to

effective pin-point the pathology so as to cater personalized treatment and effective counseling.
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INTRODUCTION:

Developmental delay is a multifaceted and challenging
condition that significantly impacts a child's cognitive, motor,
language and socio-emotional abilities. As a significant and
grievous concern in pediatric health, identifying the
underlying causes of developmental delay is important for
timely intervention to help the patient reach their peak.
Magnetic Resonance Imaging (MRI) has proved to be a
powerful and invaluable diagnostic tool, providing detailed
anatomical insights into the structure and function of the
developing brain. This research paper aims to
comprehensively evaluate and analyze the role of MRI
imaging findings in the assessment of developmental delay.

Over the past decade, advances in neuro-imaging techniques
have significantly improved our understanding of the complex
processes involved in brain development. MRI, with its ability
to capture high-resolution images of soft tissues and intricate
neural structures, offers unparalleled dive into the
neuroanatomical basis of developmental delay. By
scrutinizing the subtle abnormalities and deviations from
typical developmental trajectories, MRI contributes
abundantly to the diagnostic process, guiding clinicians in
catering personalized treatment plans.

This research endeavors to synthesize existing literature,
incorporating recent studies and technological
advancements, to assess MRI findings in the context of
developmental delay. By depicting the relationships between
specific brain abnormalities and developmental outcomes,
we aim to enhance the diagnostic accuracy and prognostic
value of MRl in guiding clinical decision-making

MATERIALS AND METHODS:

Study design

A prospective, observational & descriptive study of MRI of the
Brain in 73 patients (49 Males and 24 Females) presenting with
developmental delay in Government medical college and
hospital, Nagpur; over a period of 18 months years (July 2022
to July 2023). Patients were categorized based on age group,
sex, anatomical structures involved and etiology. The patients
were further categorized into two groups based on the
communication with the referring doctor as having
developmental delay only and those with associated features
such as epilepsy, neurological deficits, etc are termed as
developmental delay plus.

Inclusion And Exclusion Criteria

All patients who were referred for brain MRI for evaluation of
developmental delay, aged one month to 60 years, admitted
for the first time to diagnose the cause of delay are included in
the study. Patients with known Genetic Disorders such as
Down syndrome, Turners Syndrome, deficiency disorders like
rickets or protein energy malnutrition, Infections like
pneumonia or any other communicable disease in active
stage were excluded.

Sedation

For obtaining best quality images possible, it was required for
the patient to remain still and motionless. Infants were
generally examined unsedated & a very safe and simple “feed
and scan” technique was used; in which the infants were fed
and waited until they fell asleep, after which the scan was
performed. In case the method did not work, the patient was
taken under anesthesia.
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While the other patients were either sedated by oral or IV
drugs under the consent of the guardian or caretaker and
presence of the pediatrician or sedated by using anesthetic
drugs by the anesthetist in his presence. Consent of the parent
and pediatrician were taken before the procedure. The
children were generally given Triclofos Sodium orally of a
dosage of 25 mg/kg body weight/dose or Syrup Chloral
Hydrate with a dosage of 5 to 10mg /kg.

The following structures were systematically evaluated

o Size and morphology of ventricles

o Thickness and morphology of Corpus callosum

o Gray and white matter

oBasal ganglia

o Brainstem

o Cerebellum

o Non-specific: Any lesion not fitting in any of the above
patterns of distribution

RESULTS

No significant MRI findings were seen in 23% (17 cases) of
patients presenting with developmental delay. These children
were advised further array of biochemical and genetic
evaluation to diagnose the underlying cause of
developmental delay. Abnormal anatomy was noted in the
rest of the 77% (56 cases). Based on clinical history and details
given by the patient, it was seen that only 39.7% patients
presented with only developmental delay rest 60.3%
presented with developmental delay along with additional
features such as epilepsy, neurological deficits, microcephaly,
facial dysmorphism, cleft lip/palate, visual and auditory
disturbances, gait disturbances or motor disturbances. The
patients with developmental delay associated with other
features had higheryield of positive results [Table/Fig-2].

[Table/Fig-1]: Sex Distribution Of Study Population With
Normal And Abnormal MRI

Normal Abnormal
Male 13 36
Female 4 20

[Table/Fig-2]: The Clinical Presentation Of Study Population
With Normal And Abnormal MRI

Normal Abnormal

Developmental delay only 9 20
DO with other features 2 36

[Table/Fig-3]:

ETIOLOGY
CONGENITAL 28
HYPOXIC 35
TRAUMATIC 2
METABOLIC 4
INFECTIOUS 2

NAD 17
[Table/Fig-41:

ANATOMICAL INVOLVEMENT
VENTRICLE 30
WHITE MATTER 45
CEREBELLUM
GRAY MATTER 3
BRAINSTEM 3
MNOMN-SPECIFIC 12

The distribution of involved anatomical structures in patients
with abnormal MRI (61 cases) was studied and presented in

[Table 4]. Abnormalities of white matter took the lead forming
around 45 cases with ventricular abnormality noted in 30
cases. The number of children with abnormal findings in
cerebellum, gray matter and brainstem were 4, 3 and 3
respectively. Nonspecific abnormalities were found in 12
patients. Analysis of 73 cases based on the etiological factors
showed normal MR features in 17 cases. 56 cases with
abnormal MRI were further subgrouped; of which 35 cases
had findings consistent with hypoxic etiology. The number of
patients with congenital, hypoxic, traumatic, metabolic and
infectious etiology is 28, 2, 4, and 2 respectively as shown in
[Table 3].The most common abnormality encountered in
present study Hypoxic Ischemic Encephalopathy (HIE)
depicted in. Majority of these children belonged to one month
to 24 months of age group. Around 67% of them were males
and 33% were female. White matter, ventricles and corpus
callosum were invariably affected in almost all hypoxia
associated cases.

DISCUSSION

The presented data on the number of cases of developmental
delay based on etiology as determined by MRI provides
valuable insights into the diverse factors contributing to this
complex condition. Understanding the underlying causes is
crucial for formulating targeted interventions and improving
outcomes for affected individuals.

1. Prevalence of Etiological Factors:

The data underscores the heterogeneous nature of
developmental delay, with various etiological factors
contributing to its occurrence. Congenital factors, such as
genetic abnormalities and structural anomalies, constitute a
substantial proportion of cases, as evidenced by the highest
count in the CONGENITAL category. This aligns with existing
literature emphasizing the significance of prenatal factors in
developmental delay.

2. Perinatal Factors:

The HYPOXIC category reflects cases associated with
perinatal factors, including oxygen deprivation during
childbirth. This finding is consistent with the understanding
that events surrounding the birth process can have a profound
impact on neurodevelopment, highlighting the need for
vigilant monitoring and timely interventions during labor and
delivery.

8.Traumatic and Metabolic Contributions:

The relatively lower counts in the TRAUMATIC and
METABOLIC categories suggest that trauma and metabolic
disorders play a comparatively smaller role in developmental
delay. However, even a limited number of cases in these
categories merit careful consideration, as both traumatic
events and metabolic imbalances can have severe
consequences for the developing brain.

4. Infectious Etiology:

The INFECTIOUS category, while representing a small
fraction, underscores the importance of recognizing and
addressing infections as potential contributors to
developmental delay. Infections can lead to inflammatory
responses and neurologic complications, emphasizing the
need for early identification and treatment.

5. Comparative Analysis — Normal vs. Abnormal MRI
Findings:

The inclusion of a "Normal" category in the data provides a
critical perspective. Seventeen cases with normal MRI
findings suggest that developmental delay can exist in the
absence of detectable structural abnormalities. This
highlights the limitations of relying solely on anatomical
assessments and underscores the need for a comprehensive,
multi-modal approach to diagnosis.
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6. Limitations and Future Directions:

It is crucial to acknowledge the limitations of this study, such
as the relatively small sample size. Larger, multicenter studies
are warranted to validate and extend these findings.
Additionally, ongoing advancements in MRI technology may
enhance our ability to detect subtle abnormalities,
contributing to a more nuanced understanding of
developmental delay etiology.

In conclusion, this discussion highlights the significance of the
provided data in characterizing the etiological landscape of
developmental delay based on MRI findings. The diverse
nature of contributing factors emphasizes the need for a
holistic and individualized approach to diagnosis and
intervention, paving the way for improved outcomes for
individuals affected by developmental delay.

The dataset on the prevalence of abnormal anatomy
associated with developmental delay based on MRI findings
offers critical insights into the specific regions of the brain
implicated in this complex condition. Understanding the
distribution of abnormalities across different brain structures
is paramount for tailoring diagnostic assessments and
interventions.

1. Prevalence of White Matter Abnormalities:

The notably high count in the WHITE MATTER category
underscores the prominence of disruptions in white matter
structures in cases of developmental delay. White matter
plays a crucial role in facilitating communication between
different regions of the brain, and abnormalities in this area
may contribute significantly to the observed delays in
cognitive and motor development.

2. Ventricular Abnormalities and Hydrocephalus:

The prevalence of abnormalities in the VENTRICLE category
suggests a significant association with developmental delay.
Ventricular abnormadlities, including ventriculomegaly, may
be indicative of increased cerebrospinal fluid (CSF) volume
and potential hydrocephalus, emphasizing the importance of
considering fluid dynamics in the diagnostic process.

3. Cerebellar Involvement and Motor Impairments:

The presence of abnormalities in the CEREBELLUM category
highlights the potential impact on motor coordination and
balance. The cerebellum is integral to motor learning and
coordination, and abnormalities in this region may contribute
to the observed developmental delays, particularly in fine and
gross motor skills.

4.Gray Matter and Brainstem Involvement:

The lower counts in the GRAY MATTER and BRAINSTEM
categories suggest that abnormalities in these regions are
less prevalent in the studied cases. However, the importance
of these structures in various cognitive and physiological
functions cannot be understated. Further exploration of
specific abnormalities in gray matter and brainstem may
provide insights into additional contributing factors.

5. Non-Specific Abnormalities:

The "NON-SPECIFIC" category acknowledges the challenges
in precisely categorizing certain anomalies, underscoring the
complexity of anatomical abnormalities associated with
developmental delay. These non-specific findings may
include multifocal abnormadlities or variations that do not
neatly fit into predefined categories, requiring further
investigation.

6. Clinical Implications and Intervention Strategies:

The distribution of abnormalities across different brain
regions has direct implications for clinical practice. Tailoring
interventions based on the specific anatomical findings
becomes crucial for addressing the unique needs of each

individual. Multidisciplinary collaboration among
neurologists, radiologists, and developmental specialists is
essential for comprehensive care.

7.Future Research and Technological Advancements:

While this study provides a snapshot of abnormalities
associated with developmental delay, ongoing research
should explore the underlying mechanisms and functional
consequences of these anatomical variations. Additionally,
advancements in imaging technology may refine our ability to
detect subtle abnormalities and provide more detailed
insights into the structural basis of developmental delay.

In conclusion, this discussion underscores the importance of
anatomical considerations in understanding developmental
delay based on MRI findings. The regional distribution of
abnormalities informs both diagnostic strategies and
intervention planning, ultimately contributing to a more
nuanced and tailored approach to addressing developmental
challenges in affected individuals.

CONCLUSION

In conclusion, the comprehensive analysis of the data
presented today, encompassing both the etiology and
abnormal anatomy of developmental delay based on MRI
findings, provides a multifaceted understanding of this
intricate and heterogeneous condition. The research
underscores the interplay between causative factors and
structural abnormalities, offering valuable insights for clinical
diagnosis, intervention, and future research endeavors.

The distribution of cases based on etiology highlights the
diverse factors contributing to developmental delay, with
congenital, hypoxic, traumatic, metabolic, and infectious
elements playing distinct roles. This diversity necessitates a
nuanced and individualized approach to diagnosis and
intervention, emphasizing the need for multidisciplinary
collaboration among healthcare professionals.

Simultaneously, the examination of abnormal anatomy
reveals specific regions of the brain implicated in
developmental delay, with a noteworthy prevalence of white
matter abnormalities, ventricular anomalies, and cerebellar
involvement. These findings emphasize the critical
importance of considering both the underlying cause and the
specific anatomical abnormalities in guiding clinical
decision-making.

The recognition of non-specific abnormalities and the
acknowledgment of limitations in categorization underscore
the complexity of developmental delay, prompting further
research into the underlying mechanisms and potential
functional consequences of these variations. Future
investigations should also explore the dynamic nature of
brain development and incorporate technological
advancements to enhance our diagnostic capabilities.

Overall, this collective analysis contributes to the ongoing
dialogue in the field of developmental neurology, paving the
way for more targeted and effective approaches to the
assessment and management of developmental delay. The
integration of etiological and anatomical data promotes a
holistic understanding of the condition, fostering a foundation
for improved outcomes and quality of life for individuals
affected by developmental delay.
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