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- HIGH CLINICAL AND IMAGING VARIABILITY:
very hard to set-up frameworks and determine 
sharp borders.

- Mostly unspecific MRI patterns, very few
pathognomonic

- Often associated with anomalies of other regions

- Various literature attempts to grouping based on 
features of BG involvement: putamen, pallidus, 
thalamus…
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- Primitive degeneration (usually genetic)

- Metabolic-toxic effect and progressive atrophy-necrosis

- Acute metabolic, infective, ischemic lesions
and atrophy-necrosis sequelae
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Magnetic resonance imaging pattern recognition in childhood bilateral basal ganglia disorders.
Shekeeb SM et Al.

Introduction
The basal ganglia are paired deep grey matter nuclei in
the brain comprised of the caudate and putamen (referred
to as the ‘striatum’), globus pallidus (GP), substantia
nigra (SN), subthalamic nuclei (STN) and nucleus accum-
bens. These high energy-dependent regions of the brain
are susceptible to toxic, hypoxic or ischaemic injury
(Fahn, 1976; Beltz and Mullins, 2010) and have a predi-
lection for involvement in some genetic and degenerative
disorders. Progressive basal ganglia cavitation and atro-
phy with pathological evidence of necrosis, when involv-
ing the striatum, is termed ‘striatal necrosis’. Sometimes
‘striatal necrosis’ is loosely and incorrectly used to lump
together various basal ganglia MRI patterns (Tonduti
et al., 2016). A combination of clinical, biomarker and

radiological evidence is often required to reach a definite
diagnosis. In presumed genetic causes, such composite
evidence can help define pathogenicity of identified gene
variants and assist ‘reverse phenotyping’ when new genet-
ic associations are proposed. MRI, which is available
worldwide, is central to this approach for disorders of
the nervous system. In clinical practice, the presence of
bilateral basal ganglia abnormalities has a large differen-
tial, which may prompt the use of extensive and some-
times, invasive investigations. MRI pattern recognition
has been highly influential in white matter disorders,
including new gene discovery (van der Knaap et al.,
1991; van der Knaap et al., 1999; Steenweg et al., 2010).
Such a radiological approach for bilateral basal ganglia
lesions has not been undertaken before in a cross-aetio-
logical cohort, although narrative reviews have proposed
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Neuroimage 2014. Typical development of basal
ganglia, hippocampus, amygdala and 
cerebellum from age 7 to 24 
Lara Wierenga et Al.. 
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Brain. 2019; 142(10): 2965–2978. Agenesis of the putamen and globus
pallidus caused by recessive mutations in the homeobox
gene GSX2. Roberta De Mori, Mariasavina Severino et Al..

To start…BG (putamen and pallidus) CANNOT even develop at all

GSX2-mutated	patients presented agenesis or	dysgenesis of	the	
structures derived from	lateral and	median ganglionic
eminences,	includingputamina,	globi	pallidi,	caudate	
nuclei	and	olfactory bulbs.

control patient 1                patient 2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6776115/
https://pubmed.ncbi.nlm.nih.gov/?term=De%20Mori%20R%5BAuthor%5D
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• isolated sulfite oxidase deficiency;
• hypoxic-ischemic injury;
• hypoglycemia;
• hypomyelination with atrophy of the basal ganglia and cerebellum [7–10].

Additionally, other changes in the brain tissue are also found:

• glutaric aciduria type 1 with striatal hyperintensity is associated with enlarged subarachnoid
spaces, particularly in the anterior Sylvian fissures, and hyperintense signal changes on T2-WI
(suspicion of delayed maturation) in the thalamus, substantia nigra, nucleus dentatus, the central
tegmental tract and the supratentorial white matter;

• isolated sulfite oxidase deficiency causes rapidly progressive multicystic encephalomalacia of the
cerebral white matter;

• striatum calcification in Cockayne disease;
• in GM1, abnormalities of the posterior putamen are seen on brain MRI [7,8,10].

2.3. Thalamus

Primary involvement of the thalamus with hyperintensity on T1-WI and hypointensity on T2-WI
on MRI may be found in GM1 and GM2 gangliosidosis [7–10]. In Krabbe disease, apart from thalamic
involvement, abnormal T2 hyperintensity within the corticospinal tract is common [7,9].

Other disorders with thalamic hyperintense signal on T2-WI include:

• mitochondrial disorders typically with putaminal changes;
• Wilson disease with putaminal involvement;
• Canavan disease with globus pallidus abnormalities;
• nonmetabolic diseases often involving the thalamus (profound neonatal asphyxia with the damage

to the ventrolateral thalamus, posterior putamen and the perirolandic cortex);
• acute necrotizing encephalopathy (ANE) with hyperintensity in the thalamus and dorsal brainstem

on T2-WI [10].

3. Basal Ganglia MRI Involvement Depending on the Disease

Table 2 shows neuroimaging abnormalities in thalamus, pallidum and putamen in di↵erent
neurometabolic diseases. The putamen is the most common localization of lesions.

Table 2. Basal ganglia neuroimaging abnormalities in neurometabolic diseases [10].

Disease Thalamus Pallidum Putamen

Respiratory chain
disorders + + +

Biotin-thiamine-responsive
basal ganglia disease +

Pyruvate dehydrogenase
deficiency + + +

Coenzyme Q10
deficiency +

Mitochondrial thiamine
pyrophosphate
transporter

+

Cerebrotendinous
xanthomatosis +

Alpha-methylacyl-CoA
racemase deficiency +

GM1 gangliosidosis +
Fabry disease +
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Table 2. Cont.

Disease Thalamus Pallidum Putamen

Methylmalonic aciduria +
Succinic semialdehyde
dehydrogenase
deficiency

+

Urea cycle disorders +
Glutaric aciduria type 1 +
Wilson disease + + +
Aceruloplasminemia + + +
Neuroferritinopathy + +
Pantothenate
kinase-associated
neurodegeneration

+

Infantile neuroaxonal
dystrophy +

Hypermanganemia +

4. Neurometabolic Disorders

4.1. Mitochondrial Disorders

The prevalence of metabolic stroke in myoclonic epilepsy with ragged red fibers (MERRF) is even
60%, whereas in mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes
(MELAS), it is 84–99%. Even in 13% of children, MELAS and MERRF have been associated with
calcification of the basal ganglia [11,12].

In the literature, the neuroimaging spectrum ranges from classical Leigh syndrome with
symmetrical lesions in the basal ganglia and/or brainstem to structural abnormalities including
cerebellar hypoplasia and corpus callosum dysgenesis [11–13]. Due to advances in genomic technology,
mainly in next-generation sequencing (NGS) and whole-exome sequencing (WES), the genetic spectrum
of Leigh syndrome has broadened and, so far, 75 genes have been identified both in mitochondrial
(30%) and nuclear DNA [11–13]. Leigh syndrome is one of the most common mitochondrial disorders.

In the rare mitochondrial encephalomyelopathy (Alpers disease), a “pulvinar sign”—bilateral
symmetric pulvinar (mediodorsal thalamic nucleus) T2 high signal relative to the signal intensity of
other deep gray matter nuclei and cortical—has been described [11–13]. This symptom is non-specific;
it may occur in other diseases such as Creutzfeldt–Jacobs disease (CJD), postinfectious encephalitis and
cat-scratch disease [12,13]. Di↵erentiation is based on clinical data, including age, and other underlying
lesions in the brain.

Stroke-like episodes or metabolic strokes are related to neurological deficits due to biochemical
abnormalities in focal brain regions that are not connected with ischemic or hemorrhagic causes.
Apart from mitochondrial defects, stroke-like episodes also occur in aminoacidopathies, urea cycle
defects, lysosomal storage disorders or organic acidemias [14,15]. Almuqbil et al. reported on a patient
with propionic aciduria with basal ganglia changes on brain MRI several years after the resolution of
neurological symptoms [15]. MRI, angio-MRI and MRI spectroscopy are useful tools in di↵erentiating
between vascular and nonvascular factors.

4.2. Neurodegeneration with Brain Iron Accumulation (NBIA)

This group of diseases is characterized by abnormal iron accumulation in the basal ganglia,
leading to di↵erent progressive movement and developmental disorders. The subtypes of
Neurodegeneration with Brain Iron Accumulation (NBIA) are connected to specific gene disorders.
There are four main types including pantothenate kinase-associated neurodegeneration (PKAN),
PLA 2G6-associated neurodegeneration (PLAN), mitochondrial-membrane protein associated

Brain Sciences 2020. Neuroimaging of Basal Ganglia in Neurometabolic Diseases in Children. Justyna
Paprocka et Al.
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Wilson disease
MR Imaging of the Brain in Neurologic Wilson Disease. 

the group with torsion spasm; the probability of damage in !1
of the cortical lobes in this group was approximately 18%–21%.
Taken together, our MR imaging data show that the putamen is
the most frequently damaged brain region in patients with WD,
regardless of the accompanying neurologic symptoms, followed
by the pons and the thalamus. Whereas the symptom of torsion
spasm in WD seems to indicate abnormalities in the midbrain and
cortex, the symptom of choreoathetosis predominantly suggests
damage in the caudate nucleus.

In our patient cohort, age of disease onset varied from 5 to 42
years, with an average onset at 17.04 ! 6.13 years of age. Table 2
shows that the age of onset in most patients with WD was younger
than 30 years (95.9% of all patients), among whom 6.9% were
younger than 10 years at disease onset, 30.8% were 10–14 years of
age, and 58.2% were 15–30 years of age. In the group with age of onset

younger than 10 years, cranial MR imaging scans showed impair-
ment only in the putamen. However, in the group with age of onset of
10–14 years, cranial MR imaging scans very frequently revealed im-
pairment in the brain stem.

The diagnosis lag time, defined as the time between initial
symptom onset and confirmed diagnosis, averaged 3.78 ! 4.46
years and varied from 1 month to 23 years. Table 3 shows that only
74 patients were diagnosed within 6 months of symptom onset.
Our data showed that an increased frequency of the presence of
brain damage correlated with an increased delay in treatment ini-
tiation. In the group with a lag time of "3 months, 90.6% of
participants showed putamen impairment (Fig 2A) and a few had
impaired thalami (Fig 2C) and pontes (Fig 2B). The latter patients
had no defects in the midbrain or cerebral cortex. Our research
revealed that diagnosis lag time does not correlate with

FIG 2. WD in a 14-year-old boy with dysarthria and dystonia with abnormal signal in the putamen (A1, A2). WD in a 19-year-old woman with
dysphagia and dystonia with abnormal signal in the pons (B1, B2). WD in a 24-year-old woman with dysarthria and parkinsonism with abnormal
signal in the thalamus (C1, C2). WD in an 18-year-old man with choreoathetosis with abnormal signal in the caudate nucleus (D1, D2). WD in a
22-year-old woman with dysarthria and parkinsonism with abnormal signal in the midbrain (E1, E2). WD in a 19-year-old woman with dystonia with
abnormal signal in the globus pallidus (F1, F2). WD in a 27-year-old man with torsion spasm with abnormal signal in the temporal lobe (G1, G2). WD
in a 19-year-old man with epilepsy and dysarthria with abnormal signal in the parietal lobe (H1, H2). WD in a 17-year-old boy with psychiatric
symptoms with abnormal signal in the frontal lobe (I1, I2). WD in an 18-year-old man with dysarthria and parkinsonism with abnormal signal in the
cerebellum (J1, J2). WD in a 13-year-old girl with parkinsonism with abnormal signal in the corpus callosum (K1, K2). WD in a 23-year-old woman with
dystonia with normal signal in the medulla oblongata (L). WD in a 27-year-old man with dysarthria and dystonia with normal signal in the occipital
lobe (arrows) (M).

Table 1: Correlations between region-specific brain damage in neurologic WD and accompanying neurologic symptomsa

Neurologic
Symptoms

No. of
Cases Putamen

Globus
Pallidus

Caudate
Nucleus Thalamus Midbrain Pons Cerebellum

Frontal
Lobe

Temporal
Lobe

Parietal
Lobe

Corpus
Callosum

Dystonia 197 159 (80.7) 34 (17.3) 66 (33.5) 73 (37.1) 67 (34.0) 95 (48.2) 4 (2.0) 4 (2.0) 3 (1.5) 3 (1.5)
Parkinsonism 127 104 (81.9) 19 (15.0) 41 (32.3) 45 (35.4) 31 (15.7) 52 (26.4) 4 (3.1) 3 (2.4) 3 (2.4) 6 (4.7)
Torsion spasm 32 25 (78.1) 2 (6.3) 10 (31.2) 8 (25) 18 (56.3) 20 (62.5) 7 (21.9) 6 (18.8) 6 (18.8) 2 (6.3)
Choreoathetosis 8 7 (87.5) 1 (12.5) 8 (100) 5 (62.5) 6 (75) 2 (25)
All patients 364 295 (81.0) 56 (15.4) 125 (34.3) 131 (36.0) 122 (33.5) 169 (46.4) 8 (2.2) 11 (3.2) 12 (3.3) 12 (3.3) 8 (2.2)

a Data are number and percentage.

Table 2: Correlations between age of onset and region-specific brain damage in neurologic WDa

Age of Onset (yr)
No. of
Cases Putamen

Globus
Pallidus

Caudate
Nucleus Thalamus Midbrain Pons Cerebellum

Frontal
Lobe

Temporal
Lobe

Parietal
Lobe

Corpus
Callosum

Younger than 10 25 25 (100)
10–14 112 107 (95.5) 31 (27.7) 47 (42.0) 52 (46.4) 74 (66.1) 2 (1.8) 3 (2.7) 2 (1.8) 3 (2.7) 8 (7.1)
15–30 212 151 (71.2) 48 (22.6) 88 (41.5) 78 (36.8) 67 (31.6) 81 (38.2) 5 (2.4) 8 (3.8) 9 (4.2) 8 (3.8)
31–40 14 11 (78.6) 8 (57.1) 5 (35.7) 7 (50) 3 (21.4) 3 (21.4) 1 (7.1) 1 (7.1) 1 (7.1)
Older than 40 1 1 (100) 1 (100) 1 (100) 1

a Data are number and percentage.
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the group with torsion spasm; the probability of damage in !1
of the cortical lobes in this group was approximately 18%–21%.
Taken together, our MR imaging data show that the putamen is
the most frequently damaged brain region in patients with WD,
regardless of the accompanying neurologic symptoms, followed
by the pons and the thalamus. Whereas the symptom of torsion
spasm in WD seems to indicate abnormalities in the midbrain and
cortex, the symptom of choreoathetosis predominantly suggests
damage in the caudate nucleus.

In our patient cohort, age of disease onset varied from 5 to 42
years, with an average onset at 17.04 ! 6.13 years of age. Table 2
shows that the age of onset in most patients with WD was younger
than 30 years (95.9% of all patients), among whom 6.9% were
younger than 10 years at disease onset, 30.8% were 10–14 years of
age, and 58.2% were 15–30 years of age. In the group with age of onset

younger than 10 years, cranial MR imaging scans showed impair-
ment only in the putamen. However, in the group with age of onset of
10–14 years, cranial MR imaging scans very frequently revealed im-
pairment in the brain stem.

The diagnosis lag time, defined as the time between initial
symptom onset and confirmed diagnosis, averaged 3.78 ! 4.46
years and varied from 1 month to 23 years. Table 3 shows that only
74 patients were diagnosed within 6 months of symptom onset.
Our data showed that an increased frequency of the presence of
brain damage correlated with an increased delay in treatment ini-
tiation. In the group with a lag time of "3 months, 90.6% of
participants showed putamen impairment (Fig 2A) and a few had
impaired thalami (Fig 2C) and pontes (Fig 2B). The latter patients
had no defects in the midbrain or cerebral cortex. Our research
revealed that diagnosis lag time does not correlate with

FIG 2. WD in a 14-year-old boy with dysarthria and dystonia with abnormal signal in the putamen (A1, A2). WD in a 19-year-old woman with
dysphagia and dystonia with abnormal signal in the pons (B1, B2). WD in a 24-year-old woman with dysarthria and parkinsonism with abnormal
signal in the thalamus (C1, C2). WD in an 18-year-old man with choreoathetosis with abnormal signal in the caudate nucleus (D1, D2). WD in a
22-year-old woman with dysarthria and parkinsonism with abnormal signal in the midbrain (E1, E2). WD in a 19-year-old woman with dystonia with
abnormal signal in the globus pallidus (F1, F2). WD in a 27-year-old man with torsion spasm with abnormal signal in the temporal lobe (G1, G2). WD
in a 19-year-old man with epilepsy and dysarthria with abnormal signal in the parietal lobe (H1, H2). WD in a 17-year-old boy with psychiatric
symptoms with abnormal signal in the frontal lobe (I1, I2). WD in an 18-year-old man with dysarthria and parkinsonism with abnormal signal in the
cerebellum (J1, J2). WD in a 13-year-old girl with parkinsonism with abnormal signal in the corpus callosum (K1, K2). WD in a 23-year-old woman with
dystonia with normal signal in the medulla oblongata (L). WD in a 27-year-old man with dysarthria and dystonia with normal signal in the occipital
lobe (arrows) (M).

Table 1: Correlations between region-specific brain damage in neurologic WD and accompanying neurologic symptomsa

Neurologic
Symptoms

No. of
Cases Putamen

Globus
Pallidus

Caudate
Nucleus Thalamus Midbrain Pons Cerebellum

Frontal
Lobe

Temporal
Lobe

Parietal
Lobe

Corpus
Callosum

Dystonia 197 159 (80.7) 34 (17.3) 66 (33.5) 73 (37.1) 67 (34.0) 95 (48.2) 4 (2.0) 4 (2.0) 3 (1.5) 3 (1.5)
Parkinsonism 127 104 (81.9) 19 (15.0) 41 (32.3) 45 (35.4) 31 (15.7) 52 (26.4) 4 (3.1) 3 (2.4) 3 (2.4) 6 (4.7)
Torsion spasm 32 25 (78.1) 2 (6.3) 10 (31.2) 8 (25) 18 (56.3) 20 (62.5) 7 (21.9) 6 (18.8) 6 (18.8) 2 (6.3)
Choreoathetosis 8 7 (87.5) 1 (12.5) 8 (100) 5 (62.5) 6 (75) 2 (25)
All patients 364 295 (81.0) 56 (15.4) 125 (34.3) 131 (36.0) 122 (33.5) 169 (46.4) 8 (2.2) 11 (3.2) 12 (3.3) 12 (3.3) 8 (2.2)

a Data are number and percentage.

Table 2: Correlations between age of onset and region-specific brain damage in neurologic WDa

Age of Onset (yr)
No. of
Cases Putamen

Globus
Pallidus

Caudate
Nucleus Thalamus Midbrain Pons Cerebellum

Frontal
Lobe

Temporal
Lobe

Parietal
Lobe

Corpus
Callosum

Younger than 10 25 25 (100)
10–14 112 107 (95.5) 31 (27.7) 47 (42.0) 52 (46.4) 74 (66.1) 2 (1.8) 3 (2.7) 2 (1.8) 3 (2.7) 8 (7.1)
15–30 212 151 (71.2) 48 (22.6) 88 (41.5) 78 (36.8) 67 (31.6) 81 (38.2) 5 (2.4) 8 (3.8) 9 (4.2) 8 (3.8)
31–40 14 11 (78.6) 8 (57.1) 5 (35.7) 7 (50) 3 (21.4) 3 (21.4) 1 (7.1) 1 (7.1) 1 (7.1)
Older than 40 1 1 (100) 1 (100) 1 (100) 1

a Data are number and percentage.
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nese Medicine between January 2003 and December 2017. Within
this cohort, 219 patients were male and 145 were female. All data
were collected at the time of the patient’s hospitalization, and the
data were summarized in a timely manner.

Diagnostic Criteria
The criteria used for recruitment to this study, as is standard for
WD diagnoses, were as follows7,20-22:

1) Family heredity: parental consanguinity, having a sibling with
WD, or having a sibling who died from unexplained liver
disease.

2) Presence of an extracorticospinal tract symptom such as dysto-
nia, parkinsonism, chorea, torsion spasm, or liver symptoms.

3) Kayser-Fleischer rings visible to the naked eye or with slit-
lamp examination.

4) Ceruloplasmin level !2.16 !mol/L or serum copper oxidase
level !0.20 optical density units.

5) Urinary copper excretion level of "1.6 !mol every 24 hours.
6) Hepatic copper concentration via needle biopsy of "250 !g/g.

Participants fulfilling both criteria 1 and 4 or both criteria 2 and 4
were diagnosed with symptomatic WD. Participants fulfilling both
criteria 3 and 5, only criterion 4, or only criterion 6 were diagnosed
with asymptomatic WD. Only patients with symptomatic WD were
included in the cohort of this study.

Study Measures and Group Analysis
Age of disease onset, diagnosis lag time (time from symptom on-
set to definite diagnosis), and type of clinical neurologic symp-
toms were recorded, and groups were established for subsequent
correlation analysis. Patients were divided into 5 groups based on
the age of onset, as follows: younger than 10 years, 10 –14 years,
15–30 years, 31– 40 years, and older than 40 years. In terms of
diagnosis lag time, patients were divided into 5 groups: !3 months,
4–6 months, 7–12 months, 1–3 years, and " years. Finally, the 5
neurologic symptom groups used for correlation analysis were dysto-
nia, parkinsonism, torsion spasm, and choreoathetosis.

MR Imaging
A 1.5T MR imaging scanner (Avanto; Siemens, Erlangen, Ger-
many) (T1–TR # 210.0 ms, TE # 3.8 ms, time of acquisition #
46.83 seconds, bandwidth # 160.0 Hz/Px, T2–TR # 3300.0 ms,
TE # 99.0 ms, time of acquisition # 56.27 seconds, bandwidth #
195.0 Hz/Px) was used to image the T1 and T2 signals in the basal
ganglia, brain stem, and cerebral cortex of participants. The basal

ganglia images included the putamen,
caudate, and globus pallidus as well as
the thalamus. Images from the brain
stem included the midbrain, pons, and
medulla. Scans of the cerebral cortex
showed the frontal, temporal, parietal,
and occipital lobes. All MR images were
analyzed separately by 2 researchers
(X.Y. and R.Y.). Disagreements about
the findings were resolved by discus-
sion until a consensus was reached. This
MR imaging protocol was followed for
the entire 15-year study period.

Statistical Analyses
The Kruskal-Wallis test was used to assess the statistical difference
in the mean age of onset among the groups. The MR imaging
manifestations were used to determine the statistical differences
in neurologic symptoms among the groups. Continuous data
with a normal distribution are presented as mean $ SD, and the
frequencies of categoric variables are presented as sample size
with percentage. All data were analyzed using SPSS, Version 10.01
(IBM, Armonk, New York), and P ! .05 was considered statisti-
cally significant.

RESULTS
After diagnostic testing, we found that all patients showed ceru-
loplasmin levels of !2.16 !mol/L, serum copper oxidase levels of
!0.2 optical density units, and urinary copper excretion levels of
"1.6 !mol per 24 hours. All participants were positive on slit-
lamp examination for Kayser-Fleischer rings (Fig 1A). In addition
to the presence of neurologic symptoms, the above-mentioned
values resulted in the clear diagnosis of symptomatic WD in all
364 patients included in our study. According to participants’
neurologic symptoms, we found 197 cases of dystonia, 127 cases
of parkinsonism, 32 cases of torsion spasm, and 8 cases of choreo-
athetosis (Fig 1B).

All patients underwent cranial MR imaging before their initial
copper chelation therapy. The scans showed long T1 and long T2
abnormal signal in the brain (Fig 2A). All 364 patients with WD
showed abnormal signal in at least 1 examined brain region (Table
1). Most patients showed abnormal signal in the following brain
regions: 81.0% in the putamen (Fig 2A), 46.4% in the pons (Fig
2B), 36.0% in the thalamus (Fig 2C), 34.3% in the caudate nucleus
(Fig 2D), 33.5% in the midbrain (Fig 2E), and 15.4% in the globus
pallidus (Fig 2F). Brain regions that were less often affected by
WD were the temporal lobe (in 3.3% of patients, Fig 2G), parietal
lobe (3.3%, Fig 2H), frontal lobe (3.2%, Fig 2I), cerebellum (2.2%;
Fig 2J), and corpus callosum (in 2.2%, Fig 2K). No abnormalities
were observed in the occipital lobe (Fig 2L) or medulla oblongata
(Fig 2M).

The most common areas with brain damage in our patients
with WD with dystonia were the putamen, pons, and thalamus.
However, cranial MR imaging of patients with WD with torsion
spasm showed extensive impairment in the putamen, pons, and
midbrain. Compared with patients with WD who had other neu-
rologic symptoms, the cerebral cortex was more often impaired in

FIG 1. A, Kayser-Fleischer rings observable with the unaided eye (arrows). B, Wilson disease in a
23-year-old women with torsion spasm (arrows).
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Wilson disease

encountered entities, primarily lacunar infarcts and meta-
static neoplasms. Based on the predominant location of
lesions on imaging studies (basal ganglia, thalamus or
both), the diseases have been classified into three groups,
which were further subdivided according to the type of
pathology (primarily inherited metabolic/genetic, acquired
metabolic/toxic, inflammatory and infectious, vascular and
ischaemic, neoplastic). A summary figure at the end of the
paper consists of multiple cropped axial images showing
the most characteristic disease patterns involving the basal
ganglia and thalami. While this format is simplified and far
from perfect, in our opinion, it does allow for a systematic
overview of the pertinent imaging findings.

Pathology predominantly affecting the basal
ganglia

Inherited metabolic/genetic

Subacute necrotising encephalopathy (Leigh syndrome)

Subacute necrotising encephalopathy (Leigh syndrome) is a
progressive mitochondrial neurodegenerative disorder with a
severe prognosis that presents in infancy or early childhood.
This most common mitochondrial disease is genetically het-
erogeneous with mutations identified in over 75 genes.
Affected infants present with feeding difficulties, psychomo-
tor retardation and ataxia, most commonly during or after a

Fig. 5 Wilson disease. A 6-year-
old girl with headache, tremor and
liver failure. a Axial T2-weighted
image reveals bilateral symmetric
hyperintensity of the putamen and
caudate nucleus, more prominent
peripherally. There is a subtle in-
crease in signal intensity in bilat-
eral globus pallidus and lateral
thalamus. b Axial T1-weighted
image at a slightly lower level
shows bilateral mild decrease in
signal intensity of the putamen
and hyperintensity of globus
pallidus (arrows)

Fig. 6 Huntington disease. A 36-year-old male patient with a family
history of Huntington disease and choreoathetosis. There is severe atro-
phy of the caudate nucleus head on coronal post-contrast T1-weighted
image with frontal horns of the lateral ventricles demonstrating “boxed-
out” appearance (arrowheads). There is also atrophy of the frontal lobes

Fig. 7 Huntington disease. A 17-year-old patient with a juvenile form of
the disease. Axial T2-weighted image shows a reduced size of bilateral
caudate head (arrowheads) and putamen (arrows). The associated
hyperintensity is more prominent in the putamina
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Introduction

The basal ganglia and thalami are paired grey matter
structures, embedded deep in the brain hemispheres and
are often referred to as the “central grey matter”. They
are involved in the regulation of autonomic, motor,

sensory, limbic and endocrine functions, and consequent-
ly, their metabolic demand exceeds that of the cerebral
cortex in the resting state. Basal ganglia pathologies typ-
ically cause movement disorders, but their role extends
beyond the extrapyramidal system to memory, emotion
and other cognitive functions. The thalamus is a complex

Key points
•Magnetic resonance imaging (MRI) is the modality of choice for assess-
ment of pathology involving the deep grey matter nuclei, due to its supe-
rior contrast resolution. Nonetheless, CT has a distinct role as the refer-
ence standard for detection of calcifications.
• The basal ganglia and thalami are susceptible to injury because of the
extensive metabolic activity, especially in the immature brain, due to
intense neurotransmission, and therefore, pathologies often present with
distinct imaging patterns, frequently in a symmetric fashion.
• A systematic approach combining imaging, clinical and demographic
data is necessary when encountering lesions of the central grey matter on
scans of the brain.
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putamen degeneration/necrosis pallidum mild T1 hyperintensity



31m                                              36m                                          60m

PRKRA: autosomal recessive disorder combining generalized dystonia and 
parkinsonism.

Pathophysiology:
PRKRA involves an interferon inducible RNA activator of protein kinase PKR influencing
cell differentiation and apoptosis

Acute infantile form with hypotonia , pyramidal sign, bradikynesia, motor regression

PRKRA related dystonia and BG degeneration-(rare variant)

putamen mainly affected: progressive

Mov Disord 2021 
PRKRA-Related Disorders: Bilateral Striatal Degeneration in Addition
to DYT16 Spectrum
Silvia Masnada, Davide Tonduti, et Al. 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Masnada+S&cauthor_id=33606314


Stefano Meletti  et al.,  Neurology 2015 
Claustrum damage and refractory status epilepticus following febrile illness

“After a few days acute repeated seizures (focal
motor/myoclonic events with alternating side involvement and
subsequent generalization)»

FIRES (FEBRILE INFECTION-RELATED EPILEPSY SYNDROME)

bilateral claustrum lesion (partially reversible?..)



7yrs M 

Cockayne syndrome

Koob et AJNR 31  2010 

Neuroimaging In Cockayne Syndrome

Mutations in ERCC6 or ERCC8
gene-proteins involved in DNA repair: 
progressive neurodegeneration, accumulation
oxidative DNA lesions in postmitotic neurons, 
leading to apoptosis.

Cockayne syndrome 
Nature 2000
DNA repair: The bases for 
Cockayne syndrome
Philip C. Hanawalt

Syndromic postnatal microcephaly: worsening with ageing

BG atrophy
and abnormal signal SWI phase

Pallidal
calcifications



AJNR 2017
Neuroimaging Changes in Menkes Disease, Part 2
R. Manara et Al. 

BG involvement: caudate and putamen. Abnormalities may 
be  transient in DWI; ischemic etiology?

mutations  ATP7A gene encoding copper-transporter P-type adenosine 
triphosphatase. Impaired absorption and cellular metabolism of copper

5m, M

Menkes disease



Brain iron and basal ganglia disorders
in children



newborn 1yrs                                   3yrs                                    5yrs

6yrs                                    8yrs                                    9yrs                                    10yrs

newborn 1yrs                                      3yrs                                    5yrs

6yrs                                   8yrs                                     9yrs                                 10yrs

3T

1.5T

SWI: normal signal time-course, surrogate of iron accumulation assessment

before 4 yrs of age BG should be NO dark on SWI



Neurodegeneration with brain 
iron accumulation (NBIA).

Heterogeneous group caused by defects in proteins with 
even NO DIRECT role in iron homeostasis.

All proteins are important for mitochondrial function. 

Only two have a known role in iron homeostasis: 
- ferritin light chain 
- ceruloplasmin



The four most common:

1 - PKAN pantothenate kinase-associated neurodegeneration due to mutations in 
PANK2
On T2-weighted images “eye of tiger” sign

2 - PLAN phospholipase A2-associated neurodegeneration caused by mutation in 
PLA2G6
Cerebellar atrophy and optic nerve atrophy.

3 -MPAN mitochondrial membrane protein-associated neurodegeneration from 
mutations in C19orf12, 
T2-hyperintense line of the medial medullary lamina between the lateral and medial parts 
of  pallidus

4 -BPAN beta-propeller protein-associated neurodegeneration due to mutations in 
WDR45 encoding a putative autophagy protein
On T1-weighted images a hyperintense “halo” in the substantia nigra and cerebral
peduncles

Neurodegeneration with brain iron accumulation (NBIA).



Fig. 19.2. 
Overview of genes and pathways involved in neurodegeneration with brain iron 
accumulation (NBIA). Schematic representation of a cell indicating the pathophysiologic 
mechanisms postulated for NBIA. Nine reported NBIA genes (white box, red outline) and 
their associated cellular processes are shown. Ceruloplasmin (CP) and ferritin light 
polypeptide (FTL) are important regulators of cellular iron homeostasis. Phospholipase A2 
(PLA2G6) and fatty acid 2-hydroxylase (FA2H) are involved in lipid metabolism and 
membrane remodeling. Pantothenate kinase 2 (PANK2) and CoA synthase (COASY) are 
key enzymes in the biosynthesis of coenzyme A (CoA) utilized in a multitude of cellular 
processes, including the synthesis of fatty acids. WD repeat domain 45 (WDR45) and 
ATPase type13A2 (ATP13A2) play a role in the degradation process of autophagy. The 
function of the mitochondrial membrane protein C19orf12 is still unknown, but it is 
postulated to be associated with fatty acid biogenesis. (Reproduced from Meyer E, Kurian 
MA, Hayflick SJ (2015) Neurodegeneration with brain iron accumulation: genetic diversity 
and pathophysiological mechanisms. Annu Rev Genomics Hum Genet 16: 8.1–8.23, with 
permission.)
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Neurodegeneration with brain iron accumulation (NBIA).



Brain MRI Pattern Recognition in Neurodegeneration With 
Brain Iron Accumulation
Jae-Hyeok Lee et Al

Front. Neurol. 2020

must read paper

PKAN “eye of the tiger” sign on T2WI: 
central spot of hyperintensity
(gliosis,edema) surrounded by 
hypointensity due to iron
accumulation in pallidus

Suggestive but NOT 
pathognomonic, 
not so frequent in 
children

AJNR 2018. Looking Deep into
the Eye-of-the-Tiger in 
Pantothenate Kinase–
Associated Neurodegeneration
J.-H. Lee,  Susan J. Hayflick et Al.

NO

NO/YES

YES

YES

https://www.frontiersin.org/people/u/575379


Brain MRI Pattern Recognition in Neurodegeneration With 
Brain Iron Accumulation
Jae-Hyeok Lee et Al Front. Neurol. 2020

must read paper

MPAN

T2-hyperintense 
line: medial
medullary
lamina between
the lateral and 
medial pallidus

https://www.frontiersin.org/people/u/575379


Brain MRI Pattern Recognition in Neurodegeneration With 
Brain Iron Accumulation
Jae-Hyeok Lee et Al Front. Neurol. 2020

must read paper

BPAN

hyperintense “halo”
in the substantia nigra

childhood not clear findings

https://www.frontiersin.org/people/u/575379


8 yrs old F

PLAN phospholipase A2-associated neurodegeneration caused by mutation in PLA2G6

cerebellar atrophy
and optic nerve
atrophy.



Two NBIA disorders set apart: genes that encode iron homeostatic
proteins, ceruloplasmin and ferritin

Different from other NBIAs : extensive accumulation of iron in regions
that are normally iron-rich: caudate, putamen, thalamus, dentate, and red 
nucleus, in addition to the globus pallidus and substantia nigra.

- Aceruloplasminemia
- Neuroferritinopathy

Handb Clin Neurol. 2018
Neurodegeneration with brain iron accumulation
SUSAN J. HAYFLICK et Al.

Aceruloplasminemia: T2-HYPO in dentate, SN, pallidus, 
putamen, caudate, NO CAVITATIONS
Neuroferritinopathy: T2-HYPO in dentate, SN, pallidus,
putamen, caudate, WITH OFTEN CAVITATIONS

usually
no MRI sign

at pediatr
ic age



involvement in patients with PDHC (Fig. 4D).
Homogenous T2W hyperintensities in the GP were noted
in all 17 patients with kernicterus (Fig. 4E). Out of 39
patients with increased basal ganglia susceptibility in
Cluster 2, this was noted in the GP in 37/39 patients and
in the GP, SN and STN in 16/39 patients. Outside the
basal ganglia nuclei, increased susceptibility was noted
only in 4/85 patients in Cluster 2 (increased susceptibility

in the thalami in 2/3 patients with fucosidosis, and in the
red nucleus in 2/3 patients with juvenile Huntington’s dis-
ease). Most patients in Cluster 2 demonstrated either
T2W hyperintensities or increased susceptibility in the
GP. Three patients with pantothenate kinase-associated
neurodegeneration (PKAN) had coexisting areas of T2W
hyperintensity and increased susceptibility in the anterior
portion of the medial medullary lamina of the GP

Figure 4 Cluster 2. Patterns of MRI changes seen with T2W hyperintensities or increased susceptibility in the GP in patients

in Cluster 2. (A) MRI of a 6-year-old boy with a TUBB4A mutation showing hypomyelination of the white matter along with T2W

hypointensities in bilateral globi pallidi and relatively hypointense appearing thalami due to surrounding hypomyelinated white matter; (B) MRI of

a 3-year-old girl with succinic semialdehyde dehydrogenase deficiency (SSADH) showing T2W hyperintensities in bilateral anterior globus pallidi;

(C) MRI of a 5-year-old boy with methylmalonic acidaemia (MMA) showing T2W hyperintensities in bilateral globus pallidi; (D) MRI of a 4-year-

old girl with PDHC showing T2W hyperintensities in bilateral globus pallidi, adjacent posterior tips of both putamina and dorsomedial nuclei of

the thalamus; (E) MRI of a 1.5-year-old boy with kernicterus showing T2W hyperintensities in bilateral globi pallidi; (F) MRI of a 7-year-old boy

with PKAN showing T2W hypointensities in bilateral globus pallidi, with persisting anterior T2W hyperintensities (‘eye of the tiger’); (G) MRI

image of a 6-year-old girl with MPAN showing T2W hypointensities in bilateral globus pallidi and sparing of bilateral internal medullary lamina;

(H) Susceptibility-weighted MRI image of a 2-year-old girl with fucosidosis showing increased susceptibility in bilateral globi pallidi with sparing of

the internal medullary and accessory lamina with the pallidi; (I) Earlier MRI of the same patient with PKAN as in ‘F’ at the age of 3 years showing

T2W hyperintensities in bilateral anterior globus pallidi.

MRI patterns in basal ganglia disorders BRAIN COMMUNICATIONS 2020: Page 9 of 23 | 9
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sparing of the 
internal medullary
and accessory
lamina

‘NBIA mimics’ such as alpha mannosidosis, 
fucosidosis, gangliosidoses, mucolipidosis type IV.

2 yrs F

BRAIN COMMUNICATIONS 2020
Magnetic resonance imaging pattern recognition in childhood bilateral basal
ganglia disorders. Shekeeb SM et Al.



infantile neuroaxonal dystrophy
Special early case:
More aggressive form with acute-subacute  putamen and caudate
involvement too

control

more classic findings

18months M

ADC

pallidus IRON accumulation

Cerebellar cortex atrophy

‘NBIA mimics’



‘NBIA mimics’

Gangliosidosis GM1 (Tay-Sachs) 

and GM2 (Sandhoff)

- Lysosomal storage disorders recessive and caused by lysosomal
enzyme deficiency.

- Strictly metabolic disorder, however time-course «DEGENERATIVE»-like

- Infantile, juvenile and adult forms. 

- symmetric high-T1W and low-T2W signal in thalami

along the external capsule, while its medial arm spreads along
the internal capsule and then bifurcates anteriorly into two
slightly less hyperintense branches, corresponding to the ex-
ternal and internal medullary laminae (Fig. 14a and 59). The
lentiform nucleus is thus delineated and divided into three
sections—putamen, globus pallidus interna and globus
pallidus externa, resembling a fork. This characteristic imag-
ing appearance has been hence named “lentiform fork” sign
[27]. ADC maps demonstrate peripheral bright signal of in-
creased diffusivity along the “fork” with variable appearances
centrally, frequently containing dark areas of reduced diffu-
sivity (Fig. 14b). There is no associated contrast enhancement

and the caudate nucleus may also be involved. Symptoms and
imaging findings improve with renal transplantation or renal
dialysis. The lentiform fork sign may be found in other con-
ditions with metabolic acidosis and in patients with diabetes
without acidosis such as with metformin-associated encepha-
lopathy [28].

Hypoglycaemia

A sudden decrease in the serum glucose level (such as in
diabetic patients or with exogenous administration of insu-
lin) may cause coma, but most patients regain conscious-
ness after glucose infusion. Hypoglycaemic encephalopa-
thy develops in extended and severe hypoglycaemia and
can cause irreversible brain damage, resulting in a persis-
tent vegetative state or death.

Three patterns of abnormalities may be present on MRI:
selective white matter involvement, selective grey matter in-
volvement or both. Additionally, the lesions can be diffuse or
more focal, bilateral, asymmetric or even unilateral. The ab-
normalities have been reported in the cerebral cortex, basal
ganglia, hippocampi, subcortical white matter, posterior limb
of the internal capsule, and splenium of the corpus callosum
with sparing of the thalamus, cerebellum and brainstem. The
earliest change in severe hypoglycaemia is reduced diffusivi-
ty, due to cell swelling and cytotoxic oedema. The extent of
the abnormalities depends on severity and duration of
hypoglycaemia with diffuse and extensive DWI lesions
predicting a poor neurologic outcome. Sparing of the thalamus
allows differentiation from hypoxia, in which the thalami are
most commonly affected (Figs. 15 and 59) [29].

Transient hypoglycaemia is relatively common in neonates
during the peripartum. When abnormalities are present on

Fig. 20 Lysosomal storage disorders—GM1 and GM2 gangliosidoses. A
17-month-old girl with the infantile form of gangliosidosis type 1. aThere
is bilateral hyperintensity of the thalami (arrows) on T1-weighted image.
b T2-weighted image shows corresponding low signal intensity of the

thalami (arrows). There is also diffuse hypomyelination of the
supratentorial white matter (with low T1 and high T2 signal intensity)
and plagiocephaly

Fig. 21 Toluene toxicity. A 21-year-old male with organic solvent abuse
for 5 years. Axial T2-weighted image shows a prominent hypointensity of
both thalami (arrows). Also seen is mildly decreased signal intensity of
the left globus pallidus, generalised atrophy and diffusely increased signal
of the white matter with loss of grey–white matter distinction. Case cour-
tesy of Dr. Chee Kok Yoon, Radiopaedia.org, rID: 17082
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Abstract
The basal ganglia and thalami are paired deep grey matter structures with extensive metabolic activity that renders them
susceptible to injury by various diseases. Most pathological processes lead to bilateral lesions, which may be symmetric or
asymmetric, frequently showing characteristic patterns on imaging studies. In this comprehensive pictorial review, the most
common and/or typical genetic, acquiredmetabolic/toxic, infectious, inflammatory, vascular and neoplastic pathologies affecting
the central grey matter are subdivided according to the preferential location of the lesions: in the basal ganglia, in the thalami or
both. The characteristic imaging findings are described with emphasis on the differential diagnosis and clinical context.
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Introduction

The basal ganglia and thalami are paired grey matter
structures, embedded deep in the brain hemispheres and
are often referred to as the “central grey matter”. They
are involved in the regulation of autonomic, motor,

sensory, limbic and endocrine functions, and consequent-
ly, their metabolic demand exceeds that of the cerebral
cortex in the resting state. Basal ganglia pathologies typ-
ically cause movement disorders, but their role extends
beyond the extrapyramidal system to memory, emotion
and other cognitive functions. The thalamus is a complex

Key points
•Magnetic resonance imaging (MRI) is the modality of choice for assess-
ment of pathology involving the deep grey matter nuclei, due to its supe-
rior contrast resolution. Nonetheless, CT has a distinct role as the refer-
ence standard for detection of calcifications.
• The basal ganglia and thalami are susceptible to injury because of the
extensive metabolic activity, especially in the immature brain, due to
intense neurotransmission, and therefore, pathologies often present with
distinct imaging patterns, frequently in a symmetric fashion.
• A systematic approach combining imaging, clinical and demographic
data is necessary when encountering lesions of the central grey matter on
scans of the brain.
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BG degeneration in cell energy
homeostasis failure



Leigh syndrome (subacute necrotizing encephalopathy)

Heterogeneous group of neurodegenerative disorders: clinical, 
neuroimaging and genetic variability. 

Often symmetric involvement of basal ganglia, midbrain, dentate nuclei

CAUSES: 
mutations in mitochondrial or nuclear DNA for:
-proteins of respiratory chain complexes I (NDUF1), II, III, IV (SURF1), V
- mitochondrial tRNA,
- pyruvate dehydrogenase complex (PDHc)
- coenzyme Q10.

Others related to mithocondrial disases:
- Valine catabolism pathway (ECHS1) 
- Tiamine deficency (SLC2)



Sindrome di Leigh

NB putamen- caudato (striato)
Talamo

Bilaterali e simmetriche

Tronco Encefalo: MSC s nera, n rossi,
n subtalam, ped cerebrali, sg periacq, collicoli
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Primary familial brain calcifications:
autosomal dominant neurodegenerative disease with abnormal calcium deposits in the 
basal ganglia and other regions. 

- Rare onset in childhood. 
- Calcifications in BG,  thalami, dentate nuclei, and WM.

- Differential issue: exclude metabolic disorders, various forms of hypoparathyroidism: 
most common cause of calcifications, also Aicardi-Goutières (AGS).

Fahr disease and differentials
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can be due to either calcium or iron, while SWI sequences 
are able to differentiate between calcium and blood products, 
increasing the capability of MRI as a technique for evaluat-
ing ICC [11, 12]. To enhance the image contrast conferred 

by the paramagnetic properties of blood products (such as 
deoxy-hemoglobin, intracellular methemoglobin, and hemo-
siderin), in comparison with the diamagnetic properties of 
calcium, SWI combines magnitude and phase data [15]. 

Fig. 1  Examplesof the neuroimages reviewed for ICC topography and 
morphology. A1–2.CT image(1) and axialMRT2-weighted image (2) 
of pt 14, affected by AGS, at 4.6 years. The imagesshow small punc-
tate  calcificationsin the basal ganglia and thalami bilaterally. These 
are less visible on theT2-weighted images.  B1–2.CTimage (1) and 
axial MRT2-weighted image (2) of pt 23, affectedleukoencephalopa-
thy with brainstem  andspinal cord calcification, at 2.6 years of age. 
The images show diffusebilateral white matter hyperintensity, alsoin-
volving the external and internal capsules and both thalami, with 
sparing ofthe U fibers, associated with  bilateralrock calcification 
lesions in the anterior periventricular white matter, withslight pre-
dominance on the left  side,and in the posterior limb of the internal 
capsules. C 1–3. CT image (1–2) andaxial MRT2-weighted image (3)
of pt 35, affected by Cockayne syndrome, at age 8.5 years. The 
images showpunctate calcification of the putamen,which is a typical 
site in this disease, mainly on the left side and not clearlyvisible on 
the T2-weighted  images.Note the slight hyperintensity of the deep 
white matter, which is related tohypomyelination, and the superficia-
land deep cerebral atrophy. D1–2. CT image (1) and MRT2-weighted 
image (2) of pt60, affected by  hyperparathyroidism,at the age of 
15.5 years. The CT image shows blush calcification of the pallidi-

and,  partially,of the putamen can be seen on both sides. These fea-
tures are not detectable onthe T2-weighted  image.E1–4.Axial CT 
image (1–3) and MRT2-GE (2–4) of pt46, affected by KRIT1-relat-
edcerebral cavernous malformations(CCM1), at the age of 2.1 years. 
Linear andreticular calcification lesions arevisible in the areas ofthe 
cerebral cavernous malformations: frontal (1, 4), temporal (1, 2), 
thalamic(3, 4), and parietal (4); diffuse  hypointensity isdetected on 
GE images, due to the “blooming artifact” and, probably, concomi-
tantblood  products.F1–2.CT image (1) and axial MRT2-weighted 
image(2) of pt 9, affected bySturge-Weber syndrome,  at5.6 years of 
age. Rock and gyriform calcification lesions are evident on thepos-
terior corticosubcortical region  ofthe right hemisphere, associated 
with slight atrophy. Note a hypertrophic veinto the right thalamus 
on MRI. G1–2.CT image (1) and MRT2-weighted image (2) of pt 8, 
affected by tuberoussclerosis, at 5.1 years of age. A roundsubepend-
ymal focal calcification is evident at the level of the right Monro 
foramen,with an inhomogeneoussignal on MRI (2). H1–2. CT image 
(1) and axial MR FLAIR image (2) of pt 55, 20months of age,who 
suffered from neonatal hypoglycemia. A small gyriform corticalcalci-
fication can be observed in the left parasagittalparietal cortex, associ-
ated with slight hyperintensity on T2 FLAIR image

4yrs AGS
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(anemia) has been reported in up to 65% to 69% of Indian children
with mineralizing lenticulostriate vasculopathy and basal ganglia
stroke after minor head trauma9,26,38 and may be an additional risk
factor for stroke in these children.38 Possibly, inflexible microcytic
red cells may clump together thus promoting thrombosis. In
addition, hypercoagulable state directly related to iron deficiency
and/or anemia, thrombocytosis of iron deficiency anemia, and
anemic hypoxia, leading to ischemia and infarction, may further
add to the already compromised circulation in small, stiff miner-
alized lenticulostriate vessels.40

Clinical presentation

Almost always, children with mineralizing lenticulostriate vas-
culopathy are recognized through presentation with stroke
precipitated by minor head trauma.8,9,25,26,30,31 Fall from bed is the
most common cause of minor head injury in these children. In
others, fall from chair, table, or other furniture of similar height;
from stairs; or even from tripping while walking has preceded the
head trauma. There are no signs and symptoms attributable to head
injury per se. History of preceding trauma is lacking in a small
proportion of children,8,9,25,26 although it is difficult to be certain
because unwitnessed mild head injury is not uncommon especially
in infants who have just learnt to crawl or walk.

Immediately after or within a few minutes to few hours of fall,
the child is noted to have decreased movements of one side of the
body, bringing the child to the hospital. Hemiparesis rarely occurs
after 48 to 72 hours of minor head trauma. Between 48 hours and
six days of symptoms onset, a varying number of these infants,
ranging from 27% to 74%, develop focal seizures or seizurelike
movements on the affected side.8,9,12,25,26 These episodes, which
uncommonly may be the presenting symptom in some cases, are
brief, often multiple, and do not recur beyond 24 to 72 hours after
the onset. There is no consensus as to whether these are
seizures9,12,30,31 or a dystonic movement disorder.8,25,26 Lingappa
and colleagues were able to perform electroencephalographic
studies in three children during the events and did not find any ictal
discharges.8

Stroke involves basal ganglia and internal capsule (striatocap-
sular region) and is in the vascular distribution of lenticulostriate
arteries. Since these are small end arteries, stroke volume tends to
be small like lacunar infarcts. Most strokes are unilateral, although
on occasion simultaneously bilateral basal ganglia stroke is
described.15

Rare manifestations of acute stroke following minor head
trauma in infants with mineralizing lenticulostriate vasculopathy
include encephalopathy, aphasia, and dysarthria.8,15,25 Silent pre-
vious strokes are sometimes discovered on neuroimaging in chil-
dren with symptomatic strokes after minor head trauma.8,25,30,31

Asymptomatic or incidental mineralizing lenticulostriate
vasculopathy

Cases with basal ganglia calcification consistent with mineral-
izing lenticulostriate vasculopathy but without stroke presentation
have been recognized. Head CT preformed for nonstroke in-
dications has been identified these cases. Lingappa et al.8 described
incidental mineralizing lenticulostriate vasculopathy in four infants
who underwent head CT for unrelated indications. Jiang and col-
leagues noted asymptomatic mineralizing lenticulostriate vascul-
opathy in patients who underwent CT of the head following minor
head trauma but had no current or previous stroke.36 Unlike
mineralizing lenticulostriate vasculopathy associated with basal

ganglia stroke, these asymptomatic patients were older, aged
between 3.25 and 13 years. Goraya et al. have reported incidental
mineralizing lenticulostriate vasculopathy in 15 children, with the
majority (67%) being older than two years. Presentation with
seizures including febrile seizures was the most frequent. Others
had migraine, syncope, attention-deficit/hyperactivity disorder,
developmental delay, and head rolling. The significance of these
findings is not clear at present.37

Diagnosis

There are no clinical symptoms and signs attributable to
mineralizing lenticulostriate vasculopathy. A diagnosis of mineral-
izing lenticulostriate vasculopathy should be suspected in infants
and young children with stroke presentation after minor head
trauma. Finding of punctate basal ganglia calcification on axial
images of head CT (Fig 1) is pathognomic. Linear calcific lesions on
coronal and sagittal reconstructions (Fig 2) further corroborate the
diagnosis.8,9,12

In infants with anterior fontanel window, cranial ultrasound can
reveal characteristic “branching echogenic stripes” in the basal
ganglia (Fig 3) suggesting lenticulostriate vasculopathy.9,12,32 Brain
magnetic resonance imaging although not necessary for diagnosis,
shows diffusion restriction in the basal ganglia region during acute
stroke (Fig 4). Basal ganglia calcification of mineralizing lentic-
ulostriate vasculopathy is, however, not detected on magnetic
resonance neuroimaging, including susceptibility-weighted
sequences.8,9,30 No vascular abnormalities are detected on CT or
magnetic resonance angiography.8,9,26,30 Results of other laboratory
evaluations for stroke including serum homocysteine and hyper-
coagulable state parameters are normal. Since iron deficiency is a
common finding especially in Indian children these children should
be evaluated for concomitant iron deficiency.

Figure 1. Basal ganglia calcification seen as bilateral, asymmetric punctate hyper-
densities on axial computed tomographic image.
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SUBTHALAMUS (STN) -1
Not strictly BG but very close functionally and anatomically

in plane res. 0.2 mm2

Some among more frequent entities involving STN as
multiple-subacute or chronic lesions
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SUBTHALAMUS (STN) - 2
Some among more frequent entities involving STN as
multiple-subacute or chronic lesions

4 yrs old,  viral encephalitis sequelae
10yrs,  NF1
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translation initiation factor 2 alpha (eIF2α), which contributes
to the cellular stress response. 



DIFFERENTIAL DIAGNOSIS A1
Acquired –metabolic or clastic disorders mimicking MRI features of neurodegenerative disorders 
and easily differentiated only when occur with ACUTE clinical features  

Prevalent bilat. putaminal-caudate involvement

RANBP2
(RAN Binding Protein 2)
Familial acute necrotizing
encephalopathy

Glutaric aciduria type 1
5 months

Viral encephalitis

L2-hydrossiglutaric aciduria
4yrs

8 months M
HBC

T2W hyperintensities or increased susceptibility in bilat-
eral GP (Fig. 2). In addition, most patients with imma-
ture myelination and cerebellar atrophy grouped together
in Cluster 2. Bilateral T2W hypointensities of the ventro-
lateral thalami were noted in 7/85 patients in Cluster 2.
The thalami appeared relatively darker compared to the

surrounding hypomyelinated white matter (Fig. 4A). Very
few patients with striatal T2W hyperintensities and none
with increased striatal susceptibility were part of Cluster
2. The T2W hyperintensities in the GP were either
restricted to the anterior GP (Fig. 4B) or involved the en-
tire GP (Fig. 4C–E), rarely with adjacent striatal

Figure 3 Cluster 1. T2W (A–H) and diffusion (I) axial MRI images from patients in Cluster 1, all of whom had putaminal T2W

hyperintensities. (A) MRI of a 9-month-old boy with bi-allelic ADAR mutations showing bilateral T2W hyperintensities in the putamina along with

bilateral fronto-temporal atrophy; (B) MRI of an 18-month-old girl with MEGDEL associated with bi-allelic SERAC1 mutations showing bilateral

T2W hyperintensities with regions of sparing in the posterior third of both putamina; (C) MRI of a 3-year-old boy with sporadic ANE showing

patchy T2W hyperintensities in bilateral putamina and thalami, thalamic swelling and a rim of T2W hyperintensity in the external capsule and

claustrum around both putamina; (D) MRI of a 16-year-old girl with myelinolysis showing T2W hyperintensities in bilateral posterior putamina

along with a rim of brighter T2W hyperintensities along the internal and external capsules around the putamina; (E) MRI of a 6-year-old boy with

dystonic CP after HIE at birth (40 weeks of gestation) showing T2W hyperintensities in posterior putamina and ventrolateral thalami; (F) MRI of

the same 6-year-old boy as in ‘E’ with dystonic CP showing T2W hyperintensities in the cortical grey matter in bilateral rolandic regions and

parasagittal regions as well as surrounding white matter; (G) MRI of a 4-year-old girl with propionic acidaemia showing T2W hyperintensities in

bilateral caudate nuclei and anterior putamina along with linear T2W hyperintensities in the internal medullary lamina of bilateral thalami; (H)

MRI of a 3-year-old boy with thiamine responsive basal ganglia disease associated with bi-allelic SLC19A3 mutations at presentation showing

bilateral putaminal swelling and T2W hyperintensity; (I) MRI of a 2-year-old girl with thiamine responsive basal ganglia disease associated with bi-

allelic SLC19A3 mutations at presentation showing bilateral, extensive multifocal regions of cortical grey matter diffusion restriction.
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and a 29 year old, both had the same mutation. The
man responded well to biotin alone, while the woman
did not improve until thiamine was added to the treat-
ment regimen. This significant heterogeneity demon-
strates the complexity and ambiguity of the natural
history and treatment of BBGD. Furthermore, this co-
hort demonstrated intrafamilial heterogeneity as we ob-
serve different outcomes within siblings of the same
family, same environments and same molecular findings
(see Table 1). However, the favorable outcome could be
related to early initiation of treatment in several of them.

Thiamine and biotin are essential in the treatment
regimens of BBGD
In original reports, thiamine was not effective [1]. How-
ever, one-third of the patients reported in this cohort
showed recurrence of acute crises while on biotin alone,
but with the addition of thiamine, the recurrence of these
crises was prevented. This result supports the hypothesis
that the impairment of thiamine transport in the brain has
a critical role in this disorder. Furthermore, the SLC19A3
gene encodes hTHTR2, a second thiamine-transporter
and not a biotin transporter [2]. In fact, hTHTR2 demon-
strates 48% structural identity to hTHTR1, which is also a

thiamine transporter, while demonstrating only 17% iden-
tity with hSMVT, which is a known biotin transporter [7].
Additionally, Subramanian et al. proved that biotin is not
a substrate for hTHTR2 [7]. This evidence supports the
importance of thiamine in the treatment of this disease
but leaves the mechanism by which BBGD patients im-
proved dramatically on biotin, as we observed in 100%
of our cohort, unclear. However, it could be hypothesized
that the biotin and thiamine transporters in the basal
ganglia are closely associated and thus act synergistically
[7]. Therefore, we recommend that the treatment regimen
for patients with BBGD contain both thiamine and biotin.

Factors contributing to clinical outcome
The gap between the age of disease onset and the date
of diagnosis correlates directly with the neurological
outcome. Eight of the 18 patients who had a delayed
diagnosis displayed mild to moderate neurological defi-
cits, while seven patients who were diagnosed immedi-
ately achieved normal development. Another important
factor is the number of attacks of acute crises, as a poor
outcome is directly associated with more acute crises in
the present patients. All those children with normal out-
come had only one event. Additionally, the immediate

Figure 1 MRI brain axial T2 weighted spin echo images – (images A to F) and MRI spine sagittal T2 weighted image – (image G). Upper
column: (A, B, C) was done for the patient during the acute crisis. A: This image shows high T2 signal and swelling of substantia nigra
(at midbrain), and signal abnormality with swelling of right inferior frontal gyrus in the cortical and subcortical region. B: It shows high T2 signal
and swelling of lentiform, caudate head with small necrotic changes and involvement of medial thalami. C: It shows focal high T2 cortical signal
and subcortical white matter signal at both frontal and parietal lobes. Lower column: (D, E, F) was done as a follow up exam for the same patient
during chronic stage of the disease. D: This image was done at the level of the midbrain and shows focal high T2 fluid signal in the substantia
nigra which evolved from swelling seen during the acute crisis (image A). E: It shows high T2 (fluid signal) and atrophy in the basal ganglia
(lentiform and caudate nuclei) indicates evolved swelling into necrosis. F: It shows interval resolution of the cortical and subcortical signal seen
during the acute crisis at the frontal lobes. MRI Image of the spine (G) shows patchy high T2 intramedullary signal most conspicuous in the
cervical spinal cord with swelling extends from C3 to C7 vertebral level.

Alfadhel et al. Orphanet Journal of Rare Diseases 2013, 8:83 Page 6 of 8
http://www.ojrd.com/content/8/1/83
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DIFFERENTIAL DIAGNOSIS A2
Acquired –metabolic disorders mimicking MRI features as neurodegenerative disorders 
and easily differentiated only when present with ACUTE clinical features  

Prevalent thalamic involvement
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DIFFERENTIAL DIAGNOSIS A3
Acquired/metabolic disorders mimicking MRI features similar to neurodegenerative disorders 
And easily differentiated only when ACUTE clinical features  

Prevalent bilat. pallidal involvement

sequelae
of neonatal

Bilirubinimia
(kernicterus)

15 months
ECHS1 Mitochondrial
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disorders associated
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CoA hydratase deficiency
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----------------------------------------------------NOT so acute------------------------------------------------
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Succinic-semialdehyde
dehydrogenase deficiency

19 months
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Acute Disul!ram Poisoning in a Child
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were elevated (AST 127 U/L and ALT 95 U/L). After initial stabilization 
in emergency room, the child was shifted to pediatric intensive care 
unit (ICU) where the child was managed initially with intravenous 
!uids, routine bed care for ICU, and subsequently intragastric 
(IG) feeds were started along with medications for prevention of 
gastroesophageal re!ux disease. Blood sugars normalized after 
8 hours of admission. Magnetic resonance imaging (MRI) brain 
showed bilateral globus pallidus hyperintensity in T2-weighted 
(T2W) and di"usion-weighted (DW) images and hypointensity in 
T1-weighted (T1W) images including di"usion restriction (Fig. 1). 
After 7 days, she was shifted in patient ward where she remained for 
3 days and was discharged on request of the attendants on IG feed. 
Initially, the child came every third day for follow-up for removal 
of IG feeds for #rst 2 weeks. Subsequently, when the child did not 
come for follow-up, a telephonic call to attendants was made, and 
they informed that the child had died 7 days back at home during 
sleep at night.

DI S C U S S I O N 
Disul#ram poisoning in children is uncommon, can occur in children 
who have ingested large amount of drug because of careless and 
unsafe storage. Only few cases have been reported in literature. 
Safety and e$cacy for children has not been determined.2 Acute 
toxicity can occur with dose higher than 500 mg/dL, and death 
can be possible at dose of 10–30 g/day.3 Symptoms of overdose 

include nausea, vomiting, pruritus, skin rash, headache, aggressive 
or psychotic behavior, drowsiness, coma, and ascending !accid 
paralysis that can also involve cranial nerves.2,4 Vykuntaraju and 
Ramalingaiah reported basal ganglia infarct, encephalopathy 
and extrapyramidal features with globus pallidus and substantia 
nigra involvement in 2-year-old child.5 The exact mechanism of 
disul#ram-mediated encephalopathy is not known. Besides the 
inhibition of the acetaldehyde dehydrogenase, disul#ram also 
inhibits the brain dopamine β-hydroxylase to a similar degree 
and thereby augments dopamine and depletes norepinephrine 
concentrations. Dopamine-mediated cellular injury may be 
related to its ability to induce excitatoxic e"ects of glutamate, 
calcium-mediated cell death, and impairs the cellular ability to 
eliminate free oxygen radicals.3 Disulfiram and its metabolite 
diethyldithiocarbamate also inhibit cytochrome P450 2E1 enzyme.6

A similar case was also reported by Mahajan et al., where a 
5-year-old child accidentally ingested disul#ram and presented 
with neurologic manifestations of dystonia, complete loss of 
developmental milestones, and spastic tetraparesis.7 Our patient 
presented with hypoglycemia and encephalopathy 2 days after 
ingestion with raised hepatic enzymes. Hypoglycemia may be 
secondary to hepatic damage. No speci#c antidote is available for 
disul#ram toxicity. In acute disul#ram overdose, activated charcoal 
can be used, if available, and if the patient is alert and able to drink 
it safely. Mainstay of treatment is supportive care, airway protection, 
oxygen, and dextrose-containing intravenous !uid should be given.

Fig. 1: Magnetic resonance imaging brain showing bilateral globus pallidus hyperintensity in T2-weighted and di"usion-weighted images and 
hypointensity in T1-weighted images including di"usion restriction

Disulfiram
poisoning

4yrs F

Indian J Critical Care 
Medicine 2020,
Acute Disulfiram
Poisoning in a Child: 
A Case Report and 
Review of Literature
Kapil Bhalla et Al. 



THANKS!


