Atrticle published online: 2020-10-27

Original Article

Is Brain MRI Needed in Diagnostic Evaluation of
Mild Intellectual Disability?

Miro Pekka Jussila’

TDepartment of Diagnostic Radiology, Oulu University Hospital and
Research Unit of Medical Imaging, Physics and Technology, Oulu
University Hospital and University of Oulu, Oulu, Finland

2pepartment of Pediatrics and Adolescence, Oulu University Hospital
and PEDEGO Research Unit, Oulu University Hospital and University

of Oulu, Oulu, Finland

Neuropediatrics 2021;52:27-33.

Abstract

Keywords

>

L2

\/

>

Y

brain

MRI

intellectual disability
children

etiology

Introduction

Paivi Olsén?  Jaakko Niinimaki'

Maria Suo-Palosaari’

Address for correspondence Maria Suo-Palosaari, MD, PhD,
Department of Diagnostic Radiology, Oulu University Hospital and
Research Unit of Medical Imaging, Physics and Technology, Oulu
University Hospital and University of Oulu, Kajaanintie 50, PO Box 50,
90029 OYS, Oulu, Finland (e-mail: maria.suo-palosaari@ppshp.fi).

Aim The purpose of our study was to suggest an imaging strategy and guidelines for
the selection of the children with mild intellectual disability (ID) for magnetic
resonance imaging (MRI), to avoid unnecessary imaging.

Methods The brain MRIs and patient reports of 471 children were reviewed for the
imaging findings and ID severity. The correlation between the clinical and brain MRI
findings was analyzed in the 305 children with mild ID.

Results Thirty-eight (12.5%) of the children with mild ID had significant abnormal
brain MRI findings. Thirty-five of these had other neurological symptoms or diseases in
addition to ID, which were an indication for brain MRI. In the logistic regression analysis,
seizures (in patients without an epilepsy diagnosis), epilepsy, movement disorders,
dysmorphia, encephalitis, traumatic brain injury, and abnormal head size were
statistically significant symptoms or comorbidities associated with abnormal MRI
findings. Only three children (1.0%) with mild ID had a significant MRI finding without
any other clinical symptoms or disease.

Conclusion Routine MRI in children with mild ID without specific neurological
symptoms, dysmorphic features, or related diseases is not suggested for revealing
an etiology of mild ID. Since children with ID usually need to be sedated for MRI, routine
imaging in the diagnostic evaluation of mild ID should be carefully considered. Clinical
examination, other symptoms, and related diseases should be carefully assessed to
decide the need for MRI.

scoring of developmental delay is more reliable in older age
groups.’ The estimated prevalence of ID varies between 1

Intellectual disability (ID) concerns early onset of cognitive
impairment and limitations of skills in several functional
areas.! The diagnosis is defined by significant limitations in
intellectual functioning evaluated by valid assessment of
intelligence. Additional ID criteria include significant deficits
in functional and adaptive skills and onset before the age of
18 years.2 Intelligence quotient (IQ) testing, however, is not
generally applicable for children under 3 years of age, and
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and 3% and is lower for more severe ID (IQ < 50, preva-
lence < 0.5%) than for mild ID (IQ, 70-50).*° In the nation-
wide register-based study, prevalence of mild ID was 0.52%.°

Although clinical assessment is necessary to evaluate an
underlying etiology of ID, the role of neuroimaging in diag-
nostics remains unknown. The goals of neuroimaging in ID
are to find a lead to the etiological diagnosis to counsel
children with ID and their families adequately, and to detect
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anomalies or diseases that would have consequences for the
patient care. Some practitioners conduct brain magnetic
resonance imaging (MRI) of children with ID in the presence
of certain symptoms or comorbidities, while others recom-
mend MRI for all children with unexplained neurodevelop-
mental delay.””"" In a previous study, MRI was
recommended only after other tests (standardized psycho-
metric tests, clinical examination, electroencephalogram,
and laboratory tests [including karyotyping and fragile-X
syndrome]) if the etiology of ID remained unknown.'? Based
on the literature, routine imaging studies are rarely sug-
gested to be useful when identifying the etiology of ID or
developmental delay.”-3:10:12.13

In Finland, every child with ID undergoes MRI at the time
of diagnosis regardless of the grade of ID or comorbidities.
However, based on the earlier literature, it is known that
significant MRI findings are not found in most cases with
mild ID."* Therefore, we focused on the brain MRI findings of
the mild form of ID to suggest an imaging strategy and
guidelines for the selection of children with mild ID for
MRI, to avoid unnecessary imaging.

Methods

Study Design and Population

This study included a retrospective regional population of 0-
tol16-year-old children diagnosed with ID during the
years 1999 to 2018 in the Northern Ostrobothnia Hospital
District in Finland. Their diagnosis was conducted at Depart-
ment of Pediatric Neurology of Oulu University Hospital, a
tertiary referral hospital.

The children, we focused on in this study, had mild ID
diagnosed by psychometric tests and by a clinician’s evalua-
tion. A pediatric neurologist (P.O., 20 years of experience in
pediatric neurology) and a final-year medical student (M.-P.
].) reviewed the patient reports for neurological symptoms
and related diseases, IQ assessments, and laboratory tests.
The ID severity was classified with an International Classifi-
cation of Diseases (ICD)-10th revision code system (F70-79;
ICD-10, World Health Organization [WHO]).'> Neurological
symptoms and factors estimated to correlate with the etiol-
ogy of ID or other comorbidities were collected and analyzed.

Prior to the initiation of the study, a sample size was
calculated: the population estimate rate of children with ID
in this tertiary referral hospital’s area was 1,300. The as-
sumption of a significant MRI finding to be found was in 8% of
cases, with a maximum deviation of + 2% and a confidence
level of 95%. Therefore, 458 was estimated to be the sample
size for children with ID. The sample selection was 471 of the
0- to 16-year-old children with ID, who were born between
the 1st' and 19th days of every month between 1990 and
2017. Of them, 305 had mild ID. =Fig. 1 shows the flowchart
of the study population selection.

Ethical Approval

All procedures performed in the studies involving human
participants were in accordance with the ethical standards of
Oulu University Hospital and/or the national research com-
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mittee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. For this type
of study formal consent of the participants is not required.

MRI Procedure

All the children with ID had been imaged by brain MRI. The
MRI scans were performed at Oulu University Hospital,
Kainuu Central Hospital, Ldnsi-Pohja Central Hospital, Lap-
land Central Hospital, or Ostrobothnia Central Hospital
between 1996 and 2018. They were acquired with 1.5-T
MRI scanners. The imaging protocol included at least T1-
and T2-weighted, and T2-weighted fluid-attenuated inver-
sion recovery sequences (slice thickness was 4-6 mm and a
gap of 0.5-1.5 mm). The protocol included sequences in three
planes. The children had been sedated during imaging when
necessary. The brain MRI abnormalities were reevaluated
and classified by a pediatric radiologist (M.S.-P., 9 years of
experience in pediatric neuroradiology), who was blinded
for the specific clinical features of the children beside the
presence of neurodevelopmental disorders. The significant
imaging findings were defined as abnormalities supporting
the etiological diagnosis for ID.

Statistical Analysis

To evaluate the correlation of neurological symptoms and
clinical findings to the imaging findings, multivariate logistic
regression analysis was used. In the logistic regression
analysis, the forward stepwise selection method was used
to remove insignificant variables from the analysis. The Chi-
squared test was used to determine whether there was a
difference in symptoms or imaging findings between male
and female patients. To compare the prevalence of the
imaging findings between different grades of ID, the Chi-
squared test was used. The Chi-squared test was also used to
compare the prevalence of symptoms in two groups
(patients with and without imaging findings). The patients
were divided into four age groups (0-2, 3-6, 7-10, and over
10 years), due to the assumption of different etiologies in
particular age groups. The Chi-squared test was used to
compare symptoms and imaging findings between age
groups. For all tests, a significance level of < 0.05 was used.
All data were analyzed using IBM SPSS Statistics 25.0 soft-
ware (IBM Corp., Armonk, New York, United States).

Results

Among 126 (26.9%) of 471 children with ID, there were
significant imaging findings. Patients were divided into
groups based on ICD-10 classification of ID (mild, moderate
to severe, and unspecified). In mild ID cases, 12.5% of 305
children had a significant imaging finding. Children with
moderate-to-severe ID (55.2% of 134 children, p < 0.001) and
unspecified ID (43.8% of 32 children, p < 0.001) had more
imaging findings than children with mild ID.

During the years 1999 to 2018, 305 patients of 471 had
been diagnosed with mild ID (~Fig. 1). Of them, 98 were
female and 207 male. The mean age of the children at
diagnosis was 6.9 + 3.4 years. A significant imaging finding
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Fig. 1 Study population flowchart.

that, most probably, correlated with ID or with neurological
symptoms or diseases was found in 38 (12.5%) of these
children. In the other cases, the brain MRIs were normal or
with incidental findings that did not correlate with ID or
related comorbidities. The significant abnormal imaging
findings are listed in =Table 1.

Only three of the children (1.0%) with mild ID had a
significant imaging finding but no neurological symptoms
or other diseases in addition to ID. The imaging findings of
these three children were frontal pachygyria, syntelence-
phaly, and hypoplastic right cerebellar hemisphere. Two
children were 9 years old and one child was 6 years old at
the time of the ID diagnosis.

The symptoms and comorbidities are listed in = Table 2. The
most common were epilepsy, dysmorphic features, premature
birth, hypotonia, and movement disorders (=Table 2). In some
cases, the above-mentioned neurological symptoms occurred
only after the imaging had been performed, but these children
were included in the analyses. No statistically significant
differences of significant imaging were found between the
four age groups (0-2, 3-6, 7-10, and over 10 years). However,

the patients in the youngest age group had significantly more
symptoms (87.5 vs. 47.5% of all the children with mild ID;
p < 0.001).Inthe other age groups, 44.3% (3-6 years), 36.1% (7-
10 years), and 64.6% (over 10 years) of the children with mild
ID had neurological symptoms or clinical findings.

Of the children with neurological symptoms or clinical
findings (n=145), 24.1% (n=35) had significant imaging
findings in MRI. Epilepsy (p =0.011), traumatic brain injury
(p =0.003), and paralysis or cerebral palsy (p = 0.001) were
more common in patients who had imaging findings. There
were no statistically significant differences in other symp-
toms or clinical findings when comparing patients with and
without an imaging finding (=Table 2).

To evaluate the correlation of multiple symptoms or clinical
findings to significant MRI findings, logistic regression analysis
was also used. The variables used are described in = Table 3. All
the children with mild ID (n=305) were included in the
regression analysis. Insignificant variables were removed
from the regression model (forward step-wise selection was
used). In the logistic regression analysis, seizures (without an
epilepsy  diagnosis), epilepsy, movement disorders,
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Table 1 Significant imaging findings of 38 children with mild
intellectual disability

Imaging finding n %
Corpus callosal anomalies 14 36.8
Ventricular dilatation 13 34.2
Abnormal gyration 10 26.3
Cerebral atrophy 9 23.7
Intracranial hemorrhage 5 13.2
Delayed myelination 5 13.2
Leukomalacia 4 10.5
Diffuse axonal injury 3 7.9
Nodular heterotopia 3 7.9
Cerebellar hypoplasia 3 7.9
Abnormal white matter signal 3 7.9
Central nervous system infection, 2 53
status post

Syntelencephaly 1 2.6
Meningomyelocele (Chiari Il) 1 2.6
Tuberous sclerosis 1 2.6
Total 77°

aSome children had more than one imaging finding.

Jussila et al.

dysmorphia, encephalitis, traumatic brain injury, and abnor-
mal head size were the variables that significantly increased
thelikelihood of a significant imaging finding. All children with
cerebral palsy or paralysis had a significant imaging finding.
Cerebral palsy was not a statistically significant prognostic
factor because there were only a few patients. In addition to
clinical signs and symptoms, age and gender were also includ-
ed in the regression model, but they did not increase the risk of
an abnormal MRI finding. There was no statistically significant
difference in symptoms or imaging findings between males
and females.

In the end stage of the analysis, we checked if genetic
etiologies were found in the children with mild ID. In 48 of
the 305 children with mild ID, a genetic error was found; of
them, 13 children also had an imaging finding. These 13
children had other symptoms or diseases in addition to ID.
Genetic errors and imaging findings of those 13 patients are
presented in = Table 4. In majority of these cases, the imaging
findings were not specific to any known genetic etiology.
However, imaging findings in these cases were significant
and would have led to further etiological investigations.

Discussion

To evaluate the etiology of ID, many children are referred for
MRL'® All major recent studies do not recommend routine
brain MRI in ID or developmental delay in the absence of

Table 2 Children with mild intellectual disability with symptoms/clinical findings (n = 145)

Symptom or clinical finding Symptoms/clinical Symptoms/clinical findings
findings, no imaging and imaging findings (n = 35)
findings (n=110)

n % n %

Dysmorphia 39 35.5 9 25.7

Epilepsy 15 13.6 12 343

Preterm birth 16 14.5 4 11.4

Hypotonia 15 13.6 5 14.3

Slow growth 12 10.9 2 5.7

Movement disorder 7 6.4 6 17.1

Seizure (not epilepsy) 5 4.5 3 8.6

Other abnormality in neurological status 5 4.5 1 2.9

Abnormal head size 4 3.6 2 5.7

Asphyxia 3 2.7 2 5.7

Metabolic disease 3 2.7 1 29

Intrauterine growth restriction 3 2.7 1 2.9

Muscle disease 2 1.8 0 0

Traumatic brain injury 1 0.9 5 14.3

Central nervous system infection, status post 1 0.9 2 5.7

Acute lymphocytic leukemia 1 0.9 0 0

Paralysis or cerebral palsy 0 0 5 14.3
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Table 3 Logistic regression analysis of children with mild intellectual disability
Univariate Multivariate

Variables OR 95% Cl p-Value OR 95% Cl p-Value
Seizure (not epileptic) 4.49 1.03-19.62 0.046 7.93 1.43-43.89 0.018
Epilepsy 7.75 3.28-18.32 <0.001 8.85 3.07-25.54 <0.001
Traumatic brain injury 40.30 4.57-355.57 0.001 80.82 7.88-829.24 <0.001
Central nervous system 14.78 1.31-167.12 0.030 31.07 2.20-439.02 0.011
infection, status post

Movement disorders 6.96 2.20-22.01 0.001 11.85 3.13-44.89 <0.001
Dysmorphia 1.81 0.80-4.13 0.155 2.74 1.05-7.13 0.040
Abnormal head size 3.65 0.65-20.66 0.143 7.07 1.04-48.09 0.046
Paralysis® 1.31E+10 0.000 - 0.999 1.18E+10 0.00 0.999

Abbreviations: Cl, confidence interval; OR, odds ratio.

?In the logistic regression analysis, paralysis had a very high odds ratio and the p-value was 0.999. This is explained by the fact that all patients with

paralysis had imaging findings.

Table 4 Genetic etiology with associated imaging findings in 13 children

Genetic etiology Imaging finding
1 Chromosome deletion 2q33.3-34 (1.3 Mb) Delayed myelination, CC hypoplasia
2 NHLRC2-gene mutation (FINCA disease) Brain atrophy and thin CC
3 Chromosome 7 microdeletion (2.37 Mb) Dandy-Walker variant
4 IQSEC2-gene hemizygotic mutation Brain atrophy, delayed myelination, thin CC
5 CRADD-gene homozygotic mutation Frontal pachygyria, temporal polymicrogyria
6 Two chromosomal microdeletions (del (2) Brain atrophy, thin CC
(p22.1p21)) and (del (6) (q27q27))
7 Chromosome 6p25 deletion (2.3 Mb) Hydrocephalus, confluent white matter abnormalities, thin CC
and 9p24 duplication (6.7 Mb)
8 MED12-gene mutation (Lujan-Fryns syndrome) Ventricular dilatation, macrocephaly, CC agenesis,
hypoplasia of nervus opticus
9 Orofacial-digital syndrome type 1 Ventricular dilatation, frontal and occipital polymicrogyria,
(Papillon-Leage-Psaume syndrome) nodular heterotopia, CC agenesis
10 Triple-A syndrome homozygotic Ventricular dilatation, atrophy and signal
gene mutation abnormalities of basal ganglia
11 Chromosome 10 microduplication Delayed myelination
10p15.1-15.3 (6.5 Mb)
and chromosome 18 microdeletion
18922.3-23 (6.9 Mb)
12 Chromosome 10 microdeletion Ventricular dilatation, delayed myelination, thin CC
13 Tuberous sclerosis (based on clinical findings) Cortical/subcortical tubers and subependymal nodules,
cerebellar calcifications

Abbreviations: CC, corpus callosum; FINCA, fibrosis, neurodegeneration and cerebral angiomatosis.

other symptoms or comorbidities.”’*'” In a clinical report
from the American Academy of Pediatrics, the authors stated
that brain MRI should be done if patients have microcephaly,
macrocephaly, or abnormal findings on neurologic examina-
tion."” An etiology has been found more often in severe than
in the mild form of ID by neuroimaging.'® In a previous study,
IQ was shown to correlate negatively with the total abnor-
mality score in relation to brain anomalies in subjects with
ID."® Our study focused on imaging findings of children with
mild ID.

A retrospective report concerning children with develop-
mental delay reported structural brain abnormalities in 54%
of the 132 patients; 27% of the abnormalities were consid-
ered clinically significant.'® However, a later study from the
same research group showed a lower rate of brain abnor-
malities, 19% as against 27% in the earlier study, suggesting
that less severely delayed children were included in the study
group.'® Abnormal brain MRI findings contributing to the
etiology of the developmental delay were found in less than
9% of 325 patients with developmental delay (IQ < 70).2° A
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review that summarized 18 cross-sectional and 11 case-
control studies of neuroimaging abnormalities in children
with ID/developmental delay and no other symptoms found
abnormal MRI findings in 38% of those children, and 7.9% of
those abnormalities led to an etiological diagnosis of ID/
developmental delay.” Moreover, abnormal brain MRI find-
ings have been found to be more common in children with
mild-to-severe ID (63%) than in the control group (30%),
while many of those imaging findings seemed to be nonspe-
cific2! The populations of the above-mentioned studies
differ significantly from each other, which makes a solid
comparison of the results very difficult.

In this study, neuroimaging yielded the diagnosis or
yielded a finding that had consequences for the patient
care in 38 (12.5%) of the children with mild ID. Thirty-five
of these 38 children had also other neurological symptoms or
diseases in addition to ID that would have led to neuroimag-
ing even in the absence of ID. Engbers et al demonstrated that
in a cohort of children with developmental delay (183 mild
and 227 severe), 30.7% had brain MRI abnormalities, of
which 5.4% led to an etiology of developmental delay. In
accordance with our results, only 1.9% of those children had a
diagnostic MRI finding and no other symptoms.® Further-
more, a study by Decobert et al found a significant imaging
finding suggesting an etiology of ID on 5% of MR scans, but
these children had moderate-to-severe ID and almost all had
other neurological symptoms.12 In our study, the neuroim-
aging findings of the three children without other symptoms
were pachygyria, syntelencephaly, and hypoplastic cerebel-
lar hemisphere. Similarly, pachygyria has been previously
demonstrated in a child with developmental delay without
seizures or other neurological symptoms.22

In a previous study, the administration of MRI contrast
agent was not helpful when only determining an etiology of
the developmental delay. When developmental delay was
a secondary concern, only 11.1% of cases were administra-
tion of contrast agent considered helpful in making the
radiologic diagnosis. However, in none of the cases was
gadolinium contrast agent essential for diagnosis.”> Our
MRI protocol used for the diagnosis of ID does not include
contrast-enhanced sequences unless some abnormal find-
ings found during imaging would induce administration of
enhancement.

The most common findings associated with ID in our study
were corpus callosum anomalies, pachygyria, polymicrogyria,
ventricular dilation, and cerebral atrophy, similar to findings in
several previous studies in children with ID.”"#:1%18 Ventricular
dilation is a common finding in children with developmental
delay (12-48%)'%1224 byt also in control patients (20%).18%
Corpus callosum abnormalities have been reported in 14 to
46% of children with ID,'0-12:18 compared with 5.0% in con-
trols."® A meta-analysis of incidental brain MRI findings in
children showed that corpus callosum anomalies are very rare
(0.7%), and no complete agenesis has been reported in healthy
children.?® In accordance with Decobert et al, we suggest that
the specific diagnostic value of these subtle neuroimaging
findings concerning ventricular dilation and corpus callosum
anomalies is low."?
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A prior study demonstrated that neuroimaging per-
formed for a specific indication was more than three times
as likely to result in an etiological diagnosis than imaging
done on a screening basis (41.2 vs. 13.9%).2” In our study,
some neurological symptoms and comorbidities of the chil-
dren with mild ID seemed to be better prognostic factors for a
significant imaging finding. These symptoms were move-
ment disorders (e.g., ataxia), seizures (without an epilepsy
diagnosis), epilepsy, head size abnormality, traumatic brain
injury, encephalitis, and dysmorphia. Cerebral palsy or pa-
ralysis seemed also to be a significant prognostic factor,
because in our study, none of the children with cerebral
palsy or paralysis had normal brain MRIs. In previous studies,
pyramidal disorders, movement disorders, and head size
abnormality have also been shown to correlate to brain
MRI abnormalities.®'? Reid et al demonstrated that only
7.9% of children with ID and cerebral palsy had normal brain
MRIs.?® Encephalitis, epilepsy, and head trauma, as one
might except, were significant factors predicting imaging
findings, and these symptoms are solely an indication for
neuroimaging. In the study by Momen et al,?® younger
children who had developmental delay tended to have
more abnormal imaging findings compared with older chil-
dren. However, those imaging findings were not often signif-
icant and were not seen on later follow-up MRIs due to brain
maturation.?’ This was not the case in our study, but the
number of very young patients was low due to the difficulty
in judging mild ID in very young patients.

Limitations

There were some limitations in our study. One was the
retrospective nature of this research. Due to that fact,
some MRI scans have been taken before the diagnosis of
ID, but we still included them in the study. The imaging of the
studied children had partly been done before the advanced
molecular genetic methods were available, so the possible
exact genetic diagnosis can be missing in some patients. Also,
the lack of a control group is a shortage.

Conclusion

Unnecessary routine brain MRI in mild ID causes psycholog-
ical and physical burdens for children and their parents.
Children with ID usually require sedation or general anes-
thesia during MRI, which is always a risk.2? If a child has mild
ID and no other neurological symptoms or related diseases,
significant neuroimaging findings are not found in most
cases. However, normal brain MRI finding may occasionally
be helpful when excluding some differential diagnostic
possibilities. Furthermore, parents of the children with ID
may feel relieved if the brain MRI is normal. Nevertheless,
imaging studies should only be done if there is a justifiable
indication. The benefits of the imaging studies should out-
weigh the potential disadvantages. We suggest that clinicians
consider justification for brain MRI carefully after having
proper anamnesis, clinical examination, and laboratory
testing.
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