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Abstract: Microcephaly is defined as small head size characterized by occipito-frontal circumference (OFC) at least 
2 standard deviations (SD) below the mean for age and sex. Microcephaly is associated with numerous disorders of 
diverse etiology. Radiology plays a fundamental role in determining the etiology. MRI is often the imaging modality 
of choice. Aim of the work: To assess the contribution of brain magnetic resonance imaging (MRI) in establishing 
an etiological diagnosis in children presenting with microcephaly in the first two years of life. Methods:  Nine 
hundred Egyptian patients attending the general pediatric and neurology clinic of Benha University Hospital (BUH) 
and clinic of inherited metabolic disorder at the centre of social and preventive medicine of Cairo University 
Children Hospital (CUCH) were screened for microcephaly. This was done by measuring the (OFC), and then MRI 
was performed to all microcephalic patients. Other investigations done according to the condition. Results: Fifty 
five patients out of 900 cases were microcephalic, below the 3rd percentile of Egyption charts. Male and female 
distribution was 31 (56.4%) and  24 (43.6%) with ratio of 3:2.The ages of presentation ranged from 2 months to 84 
months with mean age of 20.6 ± 15.6 months. All patients were symptomatizing before 24 months with mean age 
of (6.5 ± 4.2 months). The patients were classified according to the final diagnosis into 3 groups: primary 
microcephaly 11cases (20%), secondary microcephaly 29 cases (52.72%) and undiagnosed cases 15 cases 
(27.28%). The most frequent MRI finding is brain   atrophy in 11(20%) cases followed by demylination in 
10(18.18%) cases, leukomalecia &atrophy in 7(12.7%) cases,  demylination &atrophy in 6(10.9%) cases, basal 
ganglia lesion in 5(9%) cases, congenital  brain malformations in 4(7.3%) cases, microcephalic changes in 3(5.5%) 
cases and leukomalecia only in 2(3.6%) cases. Conclusion: MRI is considered as a golden standard in the 
evaluation of brain abnormalities in patients with microcephaly. It is diagnostic in congenital brain malformations 
and in combination with history & clinical findings, it can suspect the diagnosis, as in ARM, Leigh syndrome & HIE 
cases or point to specific test for diagnosis as in MLD & PKU. 
[Elham A, Nawar, Laila A,Selim , Manal S. El-dafrawy, Marwa A, Hassan, Ahmed F, Yousef. Magnetic resonance 
imaging of the brain in the diagnostic evaluation of microcephaly. Journal of American Science 2011;7(3):426-
437]. (ISSN: 1545-1003). http://www.americanscience.org. 
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1. Introduction 
           Microcephaly is an important neurologic sign 
and is usually defined as a head circumference (HC) 
more than 2 SDs below the mean for age and gender 
(1). Microcephaly may be described as primary and 
secondary. Primary microcephaly in which the brain 
fails to grow to the correct size during pregnancy (2). 
Secondary (also known as acquired) microcephaly is a 
condition in which a child's head circumference is 
within the normal range at birth and for an undefined 
period thereafter, but then does not increase as fast as 
normal and, as a result, crosses percentiles to below the 
second percentile (3). It is important to measure a 
patient's head circumference at birth. Serial head 
circumference measurements are more meaningful than 
a single determination, particularly when the 
abnormality is minimal (4). The assessment of 
microcephaly is both clinical and radiological (5). 
Microcephaly has been associated with numerous 
genetic etiologies and because the genetics of 
microcephaly is a rapidly evolving field, currently 
available data likely underestimate the importance and 

relevance of genetic testing as part of the diagnostic 
evaluation of children with microcephaly (6). Many of 
the microcephaly genes identified to date have been 
associated with specific phenotypes, allowing more 
targeted clinical testing. Available screening tests for 
chromosomal deletions and duplications include 
karyotyping, subtelomeric fluorescent in situ 
hybridization, and bacterial artificial chromosome or 
oligo-based comparative genomic hybridization (7). 
             Investigations of microcephaly requires a 
systematic consideration of each of the etiologic 
causes, search for risk factors in the mother , details of 
pregnancy, birth , developmental progress and a 
detailed family history (8). MRI is considered as a 
golden standard in the diagnosis of microcephaly as it 
often reveals findings that are more difficult to 
visualize on CT, such as migrational disorders, callosal 
malformations, structural abnormalities and disorders 
of myelination (9). Advances in neuroimaging and 
genetics have improved understanding of the causes of 
microcephaly, suggesting new approaches to 
classification and testing(2). Once the cause of 
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microcephaly has been established, the physician must 
provide accurate and supportive genetic and family 
counseling. Because many children with microcephaly 
are also mentally retarded, the physician must assist 
with placement in an appropriate program that will 
provide for maximum development of the child (10). 
The present study aims to assess the contribution of 
brain magnetic resonance imaging (MRI) in 
establishing an etiological diagnosis in children 
presenting with microcephaly in the first two years of 
life.                                                                                                                              
 
2. Subjects and Methods: 

Subject selection 
Among 900 patients referred from the general 

pediatric and neurology clinic of Benha University 
Hospital (BUH) and clinic of inherited metabolic 
disorders at the centre of social and preventive 
medicine of Cairo University Children Hospital 
(CUCH). Fifty five patients were found to be 
microcephalic according to Egyption charts of Ghaly et 
al., (2002)(11). This study was conducted in the period 
of March 2009 to September 2009.  

Inclusion criteria:  
Our subjects were patients presenting with 

microcephaly before the age of 2 years. 

Methods 
• History:Full history taking was obtained from all 

cases including: Personal history , Present history 
,Developmental history , Perinatal history and Family 
history including family pedigree analysis  

§ Examination: 
General Examination: 
  All cases were subjected to general 
examination including anthropometric measures (head 
circumference, height and weight) using Egyptian 
growth charts 2002. 

Local Examination: 
Our patients were subjected to neurological 

examination including motor power, tone and reflexes 
(deep &superficial), any abnormal movement and 
cranial nerves examination. 

§ Investigations: 
Radiological Investigations: MRI was used for all 
cases of the study: It was performed on 1.0 Tesla unit 
(Signa, GE, Milwaukee) using a head coil. Some MR 
examinations were performed on 1.0 Tesla (Gyroscan 
NT 10; Philips Medical systems). MR examinations, 
using head coil, included; Axial and coronal T2 FSE 
using 2000-5000/98-120 TR msce/TE msec, one to 
four signals acquired, 16-22 cm FOV with or without a 
rectangular Field, 192-256 x 256 matrix, 3-5 mm thick 
sections with 0.3-0.5 mm intersection gap.  Axial TI 

wighted images were obtained using 400-650/20-30 TR 
msec/TE msec, 2-4 signals acquired, 128-192 x 256 
matrix, 16-22 cm FOV, and 3-5 mm thick contiguous 
sections. Sagital TI WSE MR imaging (400-700/11-20. 
1-2 signals aquired, 128-192 x 256 matrix, 20-40 cm 
FOV, 5 mm thick sections with 0-2.5 mm intersection 
gap. Additional coronal TI WES was obtained using 
the same parameters used for axial TI. Axial T2 FLAIR 
(Fluid attenuated inversion recovery) images were done 
using 10,000/140/2,200 TR msec/echo time 
msec/inversion time msec, one signal acquired, 20-22 
cm FOV, 192x256 matrix, 4-5 mm thick sections with 
1.0-2.5 mm intersection gap. 

Laboratory investigations: 
Basic metabolic investigations were done to 

all patients including:  
§ Complete blood picture, random blood sugar, liver 

function tests, kidney function tests, arterial blood 
gases, and anion gap calculation in cases of metabolic 
acidosis. 
§ Serum ammonia & lactate, urine ketones and reducing 

substances. 

Specific metabolic investigations: 
§ TMS: tandem mass spectrometry, using MS/MS 

laboratory method, which is a technique that allows the 
screening of multiple disorders in the same blood spot 
collected on the standard card. More than 20 
preventable genetic disorders can be screened by blood 
drop. 
§ Organic acids profile in urine using Gas 

chromatography mass spectrometry (GC/MS) was 
performed for patients with abnormal acylcarnitine 
profile or those with unexplained mental retardation or 
compensated metabolic acidosis. This qualitative 
urinary organic acid method is capable of detecting 
over 200 organic acids for a large numbre of metabolic 
conditions. 
§  Definitive diagnosis by enzymatic analysis was done 

in some     cases such as Aryl sulphatase An in MLD 
(Metachromatic Leuko Dystrophy).   
§ Other metabolic investigations:  Pyruvate, VLCFA 

(very long chain fatty acid): for suspected 
perioxosomal disorders. 
I.Q (Intelligence Quotient), TORCH screening & 
karyotyping needed in some cases accordingly. Other 
studies as (FISH for William) which done in cases 
suspected to be syndromatic. 
 
 
Neurophysiologic study 

ERG, VEP, Fundus examination, ABR, EEG, 
EMG and Echocardiography were carried out. 
 
3. Results  
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Our results revealed that, out of 900 patients 
attending the neuropediatric clinic, 55 (6.11%) patients 
were found to be microcephalic. Male and female 
distribution among the study group was 31 (56.4%) and 
24 (43.6%) with ratio of 3:2.  

The ages of presentation ranged from (2 
months to 84 months) with mean age of 20.6 ± 15.6 
months. However, all patients were symptomatizing 
before 24 months with mean age of 6.5 ± 4.2 months 
.The 55 patients of the study were classified according 
to their final diagnosis into 3 groups; Group1: primary 
microcephaly 11 patients (20%), Group Ц  secondary 
microcephaly 29 patients (52.72%) and Group Ш 
undiagnosed group 15 patients ( 27.28%) . Group1 
subclassified into: genetic; (9.1%), syndromatic; 
(3.6%) and congenital brain malformations (7.2%). 
Group Ц sub-classified into: perinatal causes (HIE) or 
cerebral palsy group; 12 cases (21.81%), neuro-
metabolic; 10 cases (18.18%) including 
aminoacidopathy (PKU and homocystinuria) and 
organic aciduria (MMA 2cases and 3-MCG 1case), 
neurodegenerative; 3 cases (5.45%) including 2 cases 
MLD and 1 case of Rett syndrome and mitochondrial 
disorders (Leigh syndrome) 4 cases (7.27%).  

Table (1) demonstrates the clinical 
manifestations of the studied groups. The most 
prevalent clinical manifestation was developmental 
delay in all cases 55 (100%), followed by tone 
abnormality in 46/55cases (83.63%). The dysmorphic 
features were detected in 22/55 (40%). Abnormal 
movements in 15/55 (27.27%). Eye affection was 
found in 6 cases (10.91%) followed by hearing 
affection in 3 cases (5.45%). Associated anomalies and 
speech affection (dysartheria) were detected in 2 
(3.64%) cases each. The most frequent history findings 
were positive consanguinity in 35 cases (63.63%) and 
seizures in 27cases (49.09%). Table 3 shows analysis 
of clinical presentation of 40 diagnosed cases. MRI 
findings in all the cases (table 3)reveals that, the most 
frequent MRI finding is brain   atrophy in 11(20%) 
cases followed by demylination in 10(18.18%) cases, 
leukomalecia & atrophy in 7(12.7%) cases,  
demylination &atrophy in 6(10.9%) cases, basal 
ganglia lesion in 5(9%) cases, congenital  brain 
malformations in 4(7.3%) cases, microcephalic 
changes in 3(5.5%) cases and leukomalecia only in 
2(3.6%) cases.  
  MRI of Autosomal Recessive Microcephaly is 
shown in figure (1). MRI of Congenital Brain 
Malformation (Cortical dysplasia and incomplete 
lissencephaly) is shown in figure (2). MRI of Hypoxic 
ischemic Encephalopathy is shown in figure (3). MRI 
of Aminoacidopathy (PKU) is shown in figure (4). 
MRI of Methylmalonic academia (MMA) shown in 
figure (5). MRI of Metachromatic leukodystrophy is 

shown in figure (6). MRI of Rett syndrome is shown in 
figure (7). MRI of Leigh syndrome is shown in figure 
(8).  
 
Table (1): Clinical manifestations in the study 
groups. 
 

 
 
 

Clinical manifestation number % 

Positive Consanguinity 35 63.63% 

Abortion  17 30.90% 

Sibs death 12 21.82% 

Other sibs affection 17 30.90% 

Family history of Similar 
condition, other 
neurological disorder or 
mental retardation.  

15 27.27% 

Maternal illness 9 16.36% 

History of 
DCL(disturbed conscious 
level) 

2 3.64% 

Seizure 27 49.09% 

Abnormal movements 15 27.27% 

Hypertonia 
Hypotonia 
Normotonia 

27 
19 
9 

49.09%   
34.54% 
16.36% 

Developmental delay 
Motor delay 
Mental delay 
GDD(Global 
developmental delay) 
Regression 

55 
9 
3 
36 
7 

100% 
16.36% 
5.45% 
65.45% 
12.73% 

Dysmorphic feature 22 40% 

Associated anomalies 2 3.64% 

Eye affection 
albinotic fundus (3cases) 
5.45% 
pallor of optic  disc 
(2cases) 3.64% 
high myopic (1case)        
1.81% 

6 10.91% 

Hearing affection 3 5.45% 

Speech affection 
(dysartheria) 

2 3.64% 



Journal of American Science, 2011;7(3)                                                    http://www.americanscience.org 

 

http://www.americanscience.org            editor@americanscience.org 429

Table (2): Distribution of patients of the study groups according to their final diagnosis. 

 

 

Number (%) Final diagnosis  

5/55(9.09%) 1-Autosomal Recessive microcephaly 

2/55(3.63 %) 2- Syndromatic  

1/55(1.81%) -Cornelia de lange syndrome  

1/55(1.81%) -Smith lemli opitz syndrome  

4/55(7.27%) 
 

3-Congenital brain malformations  

2/55(3.63%) -Pachygyria  

1/55(1.81%) -Lissencephaly  

1/55(1.81%) 
 

-Cortical dysplasia and incomplete 
lissencephaly  

Primary microcephaly    
11/55 (20%) 
 

12/55(21.81%) 1-(HIE)hypoxic ischemic encephalopathy                                                                 

10/55(18.18%) 2- Neurometabolic  

 7/55(12.72) a)Aminoacidopathy  

 6/55(10.9%) -PKU(phenyl ketonuria) 

 1/55(1.81%) -Homocystinuria  

 3/55(5.45%) b)- Organic aciduria 

 2/55(3.63%) -MMA(methyl malonic acidemia)  

1/55(1.81%) -MCG(Methyl crotonyl glycinuria ) 

3/55(5.45%) 3-Neurodegenerative  

2/55(3.63%)     - MLD (metachromatic leukodystrophy) 

1/55(1.81%)     - Rett  syndrome 

4/55(7.27%)  4-Leigh syndrome  

Secondary microcephaly  
29/55        (52.72%) 
 

15/55(27.28%)  Undiagnosed cases  15/55 
(27.28%) 

55(100%)  Total number (%) 
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Table (3): Analysis of clinical presentations of diagnosed cases (40cases) 
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*Autosomal Recessive microcephaly,*1 Cornelia de lange syndrome, *2 Smith lemli opitz syndrome , *3 hypoxic 
ischemic encephalopathy , *4 phenyl ketonuria ,*5 Homocystinuria ,*6 methyl malonic acidemia , *7 Methyl 
crotonyl glycinuria , *8 metachromatic leukodystrophy. 
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Table (4): MRI findings of all cases of the study group 
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Autosomal Recessive Microcephaly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig (1) MRI axial section showing; Microcephaly, Trigonocephaly,colpocephaly and inter- hemispheric cyst and 
abnormal gyral pattern. 
 

Congenital Brain Malformation (Cortical dysplasia and incomplete lissencephaly) 

 
        Figure 2 (a)                                               Figure 2 (b) 
Figure 2 (a,b) : MRI brain T1WI Axial (a) and Sagittal (b) sections of female patient aged 6 month showing cortical 
dysplasia(thickening) with lissencephaly ( incomplete type) , due to the presence of a smooth brain surface with 
shallow Sylvain fissure and some gyral formation 
 

HIE (Hypoxic ischemic Encephalopathy) 

 
                   Figure 3 (a)                                                      Figure 3 (b)                                                                                                 
Figure 3 (a,b): MRI brain Axial T1WI (4a) and Coronal T2WI (4b) , sections of HIE male patient aged 1 year 
showing oblong shape cystic encephalomalecia ( 6x3 cm) with in the right deep partial periventricular region, brain 
atrophy appears as (dilated ventricles) central atrophy and (deep sylvian fissure and prominent sulci) peripheral 
atrophy. 
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Aminoacidopathy, Phenyl Ketonuria(PKU) 

 
Figure 4 (a) 

 
Figure 4 (b) 

Figure 4 (a,b) : MRI brain Axial sections T2WI of PKU female patient  aged 16 month. (a) Showing defective 
mylination of the white matter  appears mainly priventricular (b) showing cerebral atrophy appears  as (dilated 
ventricles) central atrophy and ( deep sylvian fissure and  prominent sulci ) peripheral atrophy . 
 

MMA (Methyl Malonic Academia) 

 
Figure 5: MRI brain Axial section FLAIR of male patient aged 18 month, proved to be MMA, showing diffuse high 

signal intensity lesion involving the white matter bilaterally with central and cortical atrophy. 
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Metachromatic Leukodystrophy (MLD) 

       
Figure 6(a)                               Figure 6(b)                                  Figure 6(c) 

Figure 6 (a,b,c ) : MRI brain coronal (a) , axial (b,c) flair sections of female patient aged 2 years diagnosed as MLD 
showing diffuse high signal intensity lesion involving the periventricular white matter mostly peritrigonal , forceps 
major and minor sparing the sub cortical u fibers , basal ganglia , thalamus and the posterior fossa. 
 
 
 
 
 
 
 

Metachromatic Leukodystrophy (MLD) 

Figure 6 (d): MRI brain axial (d) T2 WI of the same 
patient showing centrum semi oval with leopard 
appearance. 
 
 
 
 
 
 
 
 
 
 

 
(Rett syndrome) Cerebral and cerebellar atrophy 

 

 
 
Figure(7) : MRI brain Axial sections T1WI of female 
patient aged 3 years diagnosed as Rett syndrome 
showing cerebellar atrophy and cerebral atrophy 
appears as (dilated ventricles)central atrophy and (deep 
sylvian fissure and prominent sulci)→ peripheral 
atrophy 
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Leigh syndrome 

 
 

Fig (8) : Brain MRI axial section FLAIR of patient 
aged 1 year diagnosed as Leigh syndrome showing 
bilateral affection of basal ganglia which shown as high 
signal intensity in lentiform , caudate and thalamus. 
 
4. Discussions  

The yield of neuro imaging in microcephaly 
ranges from 43% to 80% in many studies (2). The yield 
of neuroimaging in the current study is 72.72%.We 
found that secondary microcephaly is the most frequent 
type, the same was reported by Peter et al., (3). 
Coexistent conditions with microcephaly include 
epilepsy (40%), cerebral palsy (20%), mental 
retardation (50%), and ophthalmologic disorders (20% 
to 50%) ( 2).These disorders are comparable to our 
results as we found epilepsy in(50%), cerebral palsy 
in(21%),GDD in (65%) and ophthalmologic disorders 
in (11%). The usefulness of MRI is apparent as certain 
malformations (e.g., lissencephaly, schizencephaly) are 
well known to be associated with severe neurologic 
impairment and specific gene abnormalities have been 
found in several of these disorders(2). The current 
study showed that all cases with congenital brain 
malformations had microcephaly since birth, 
hypertonia, hyperreflexia, seizures and GDD. This is in 
accordance with Herman & siegel (12) and Poirier et 
al., (13). Our patients with pachygyria had MRI 
findings of large gyri, few sulci and thick cortex on 
both cerebral hemispheres. Those with lissencephally 
had MRI findings of agyri, thickened cortex, straight 
grey white matter and shallow sylvian fissure. This is 
in accordance with Barkovich &Raybaud (14)). 
Cortical dysplasia and incomplete lissencephally was 
diagnosed when MRI showed abnormal cortical 
thickening, incomplete lissencephally & periventricular 
abnormal signals and this is in agreement with Abdel 
Razek et al., (15). 

 Microcephaly has been associated with 
numerous genetic etiologies, including syndromes as 

Angelman, Cornelia de lange and Smith lemli opitz (6). 
Cornelia de lange , Smith lemli opitz ,Leigh and Rett 
syndromes were diagnosed among our cases. The 
current study revealed (ARM) in (9%) of cases, while 
other studies by Barkovich et al., (16) and Wycliffe et 
al., (9) reported higher incidence of (ARM) 15.5% to 
53.3%, and this may be explained by, the unfeasibility 
of molecular genetics to diagnose more cases. The 
diagnosis of (ARM) in our patients was based mainly 
on the presence of dysmorphic facial features, mental 
retardation coupled by MRI findings of microcephalic 
changes (small cerebral hemispheres, shallow sylvain 
fissure and simplified gyral pattern), this is in 
agreement with Rajab et al., (17). Despite advances in 
medical and technological possibilities, perinatal 
asphyxia is still a matter of concern due to its 
considerably high rate of mortality and morbidity (18). 
Twelve cases (21.81%) were diagnosed as HIE or 
cerebral palsy , they presented with microcephaly, 
motor delay mainly, history of perinatal problem 
especially during delivery which required NICU 
admission after delivery(7 cases) and a static course 
since birth, these clinical criteria are in agreement with 
Adcock& Papile (19).In this group , seizures appeared 
to be the most common feature (11/12) cases, the same 
found by Hahn &Olsan(20).The main MRI findings in 
this  group were atrophy (central & cortical) in 
3/12cases, Peri ventricular leukomalecia in 2/12 cases 
and both in 7/12cases, so 9/12 cases (75%)of HIE cases 
demonstrated PVL on MRI. Valeo & Tom (21), 
reported that MRI findings of 351 of children with CP 
showed that more than 42 percent had damage to white 
matter and nearly 90 percent of the children scanned 
displayed cerebral pathology, including basal ganglia, 
cortical and subcortical areas, as well as malformations, 
and infarcts, they concluded that MRI is an important 
diagnostic tool in cerebral palsy. Metabolic disorders 
are more likely to cause postnatal onset microcephaly 
and are typically associated with global developmental 
delay (GDD). The prevalence of metabolic disorders 
among children with microcephaly is 1% to 5% 
(22).The current study revealed metabolic disorders in 
10 (18.18%) patients, this large number in relation to 
other studies, could be attributed to the large percent 
(63.63%)of consanguineous marriages found in our 
study. The yield of metabolic testing in microcephaly is 
higher when a parental history of consanguinity is 
present (23). In the current study, patients diagnosed as 
PKU presented with microcephaly, MR, positive 
history of consanguinity, fair complexion, agitated 
behavior, GDD and convulsion in some cases. MRI 
findings of PKU cases showed demylination in the 
periventricular area with central and cortical atrophy, 
this is in agreement with Harald et al., (23) and Hahnel 
(24). Two of our cases were diagnosed as (MMA), they 
presented with history of coma and admission to ICU, 
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microcephaly, myoclonic seizures and GDD. 
Laboratory findings in MMA were metabolic acidosis, 
increased C3 by (Ms/Ms), methylmalonic, 
methylcitrate and hydroxy propionic acid in organic 
acid profile,this is in agreement with Radmanesh et al. 
(25).MRI findings of MMA cases showed bilateral 
diffuse abnormal signals intensity in the white matter in 
one case and bilateral affection of both globus 
pallidus(GP) in the other one, and this is in agreement 
with Girgis et al.,(26). 

MRI findings in cases of MLD show diffuse 
high signals involving periventricular white matter 
bilaterally and sparing the sub cortical U fibers, basal 
ganglia and thalami .The posterior fossa and the 
centrum semiovale show leopard skin appearance, the 
same reported by  Kim et al., (27).  

Leigh syndrome diagnosed in 7.27% of our 
cases (4/55). The main clinical manifestations were 
microcephaly, history of developmental regression, 
hypotonia, dystonia, metabolic acidosis and high 
lactate level. MRI findings in this group revealed basal 
ganglia affection. AL Kartikasalwah &LH Ngu (28) in 
their study on Leigh syndrome ,reported that, the 
symmetrical necrotic lesions in the basal ganglia and/or 
brainstem which appear as hyperintense lesions on T2-
weighted MRI is characteristic and one of the essential 
diagnostic criteria, together with neurological problems 
should prompt the clinician to investigate for Leigh 
syndrome. In our study, the case diagnosed as Rett 
syndrome presented with microcephaly, history of 
regression and GDD, non purposeful hand movements 
and autistic behavior. This is in agreement with Moog 
et al., (29). MRI findings of this case demonstrated, 
cerebral and cerebellar atrophy and this is in agreement 
with Carter (30). 

5. Conclusion 
MRI is considered as a golden standard in the 

evaluation of brain abnormaities in patients with 
microcephaly. It is diagnostic in congenital brain 
malformations and in combination with history & 
clinical findings, it can suspect the diagnosis, as in 
ARM, Leigh syndrome & HIE cases or point to 
specific test for diagnosis as in MLD & PKU. 

Abbreviation: HIE (hypoxic ischemic 
encephalopathy)- HC (head circumference)- TMS 
(tandem mass spectrometry) –PKU (phenylketonuria) - 
MLD (Metachromatic leukodystrophy) –ERG 
(electroretinogram) –VEP (Visual evoked potentials) – 
ABR (auditory brain stem) 
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