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 CURRENT
OPINION MRI of neurodegeneration with brain

iron accumulation

Stéphane Lehéricya,b,c, Emmanuel Rozea,h, Cyril Goizete,f,
and Fanny Mochela,d,g

Purpose of review

The diagnosis of neurodegeneration with brain iron accumulation (NBIA) typically associates various
extrapyramidal and pyramidal features, cognitive and psychiatric symptoms with bilateral hypointensities in
the globus pallidus on iron-sensitive magnetic resonance images, reflecting the alteration of iron
homeostasis in this area. This article details the contribution of MRI in the diagnosis by summarizing and
comparing MRI patterns of the various NBIA subtypes.

Recent findings

MRI almost always shows characteristic changes combining iron accumulation and additional neuroimaging
abnormalities. Iron-sensitive MRI shows iron deposition in the basal ganglia, particularly in bilateral globus
pallidus and substantia nigra. Other regions may be affected depending on the NBIA subtypes including the
cerebellum and dentate nucleus, the midbrain, the striatum, the thalamus, and the cortex. Atrophy of the
cerebellum, brainstem, corpus callosum and cortex, and white matter changes may be associated and worsen
with disease duration. Iron deposition can be quantified using R2� or quantitative susceptibility mapping.

Summary

Recent MRI advances allow depicting differences between the various subtypes of NBIA, providing a useful
analytical framework for clinicians. Standardization of protocols for image acquisition and analysis may help
improving the detection of imaging changes associated with NBIA and the quantification of iron deposition.

Keywords

dystonia, iron, MRI, neurodegeneration with brain iron accumulation, pyramidal, quantitative susceptibility
mapping, R2� mapping, susceptibility-weighted imaging

INTRODUCTION

Neurodegeneration with brain iron accumulation
(NBIA) is a clinical–radiological syndrome with multi-
ple genetic causes [1

&&

]. The prevalence of NBIA is
about 0.5/100000 [1

&&

]. Age of onset varies from early
childhood to midlife. The clinical picture is one of a
variable combination of movement disorders (dysto-
nia–parkinsonism,cerebellarataxia)with aprominent
orofacial involvement, pyramidal dysfunction, intel-
lectual disability or cognitive deterioration, and psy-
chiatric disorders. Other clinical features may include
epilepsy, pigmentary retinopathy, optic atrophy, axo-
nalneuropathyordiabetes.Deathusuallyoccursearly.
These clinical manifestations are typically associated
with marked bilateral hypointensities in the globus
pallidus on iron-sensitive magnetic resonance (MR)
images, reflecting the alteration of iron homeostasis in
this area [1

&&

,2
&&

]. By the time, neurologic features are
obvious, brain MRI almost always shows characteristic
changes, although these changes may occasionally
appear only later over the disease course. Conversely,
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rare patients are asymptomatic despite typical bipalli-
dal T2 and T2� hypointensity. Additional clinical or
neuroimaging abnormalities can be seen depending
on the underlying cause and the disease duration. The
culprit genes, inheritance pattern, distinctive clinical
features and biological markers are summarized in
Table 1.

NBIA may be broken into two groups: primary
disorders of iron metabolism constituting neurofer-
ritinopathyandaceruloplasminemiaand disorders in
which alteration of iron homeostasis results from a
neuronal dysfunction of another origin. These sec-
ondary causes of disturbed iron homeostasis within
the brain constitute panthotenate kinase-associated
neurodegeneration (PKAN), phospholipase A2 group
VI-associated neurodegeneration (PLAN), fatty acid 2
hydroxylase-associated neurodegeneration (FAHN),
mitochondrial membrane protein-associated neuro-
degeneration (MPAN), beta-propeller protein-associ-
ated neurodegeneration (BPAN), coenzyme A
synthase protein-associated neurodegeneration
(CoPAN), Woodhouse–Sakati syndrome and Kufor–
Rakeb syndrome [2

&&

]. A brief overview of the meta-
bolic pathways supposed to be involved is presented
in Supplementary box 1, http://links.lww.com/
CONR/A51. Other diseases may present a NBIA-like
pattern including GM1 gangliosidosis, AP4-defi-
ciency syndrome and pathogenic variants in
GTPBP2, DDHD1, or SCP2. Typically, primary dis-
orders of iron metabolism have an onset later in life
and are characterized by more diffuse MRI abnor-
malities.

The suspicion of a NBIA should not only be based
upon brain MRI showing bilateral hypointensities in

the globus pallidus on iron-sensitive MR images. The
clinical symptoms are critical to guide diagnosis
(Table 1), which shall be confirmed by molecular
analysis of the various causative genes. Indeed, alter-
ation of iron homeostasis is not confined to NBIA,
and ferroptosis may participate in neurodegenera-
tion in a wide range of disorders [3

&&

]. In clinical
practice, physicians can occasionally encounter
patients with neurodegenerative diseases and MRI
abnormalities reminiscent of that observed in NBIA.
This has been reported in various diseases, including
multiple system atrophy, progressive supranuclear
palsy, corticobasal degeneration, Huntington dis-
ease, and dentatorubral-pallidolyusian atrophy [4].

Neuroferritinopathy causes an alteration of iron
storage by ferritin polymers with a subsequent release
of free iron and subsequent iron-mediated oxidation.
Aceruloplasminemia causes a major decrease of fer-
roxidase activity preventing iron exportation by
astrocytes and their binding of extracellular transfer-
rin. Iron thus accumulates in astrocytes, and neurons
suffer from iron starvation at early stages, and even-
tually from iron-mediated oxidation at later stages.
Interestingly, secondary alterations of iron homeo-
stasis are mostly linked to disorders of synthesis or
remodelling of complex lipids [2

&&

].
The treatment of NBIA is primarily symptomatic

and may include deep brain stimulation and botu-
linum toxin for dystonia [5]. Physiotherapy, occupa-
tional therapy speech therapy and swallowing
rehabilitation are critical for these patients. There
are no registered drug for preventing gradual deterio-
ration over the course of the disease. However, a recent
double blind placebo-controlled trial testing iron che-
lation with deferiprone in patients with PKAN showed
a trend towards slowing disease progression [6

&

]. More
promising, a recent preclinical study recently demon-
strated that 4’-phosphopantetheine corrects coen-
zyme A, iron and dopamine metabolic defects in a
mouse model of PKAN [7]. Survival of the severely
disabled patients depends mostly on swallowing func-
tion and overall management.

MRI ACQUISITION PROTOCOL TO BE
USED IN ROUTINE CARE FOR
NEURODEGENERATION WITH BRAIN IRON
ACCUMULATION PATIENTS

Brain iron accumulation may be visualized with MRI
using sequences that are sensitive to metallic con-
tent, such as gradient echo T2�-weighted imaging,
susceptibility-weighted imaging (SWI) and may be
quantified using T2� mapping and quantitative sus-
ceptibility mapping (QSM). T2� relaxation times is
measured using a number of T2�-weighted images
with increasing echo time. T2� relaxation time (and

KEY POINTS

� NBIA is a heterogeneous group of neurodegenerative
diseases due to pathogenic variants in genes involved
in iron metabolism, complex lipid metabolism,
mitochondrial function, and autophagic processes.

� Iron-sensitive MRI sequences are crucial for the
diagnosis of NBIA by showing reduced signal intensity
in the basal ganglia primarily affecting the globus
pallidus, whereas other regions, such as the substantia
nigra, the red nucleus, the dentate nucleus and the
striatum are more variably affected.

� In primary disorders of iron metabolism
(aceruloplasminemia, neuroferritinopathy), MRI also
shows widespread iron deposition in the thalamus,
cerebellum and cortex.

� The diagnosis of NBIA relies upon careful analysis of
brain MRI and clinical features followed by
molecular analyses.

MRI in NBIA Lehéricy et al.
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hence the relaxation rate R2�¼1/T2�) is calculated
by measuring the exponential signal decay with
increasing echo time. Iron accumulation in tissues
results in a decrease T2� and an increase R2�. SWI
combines the magnitude and the phase images to

enhance the contrast of structures containing mol-
ecules with high susceptibility such as iron. The
magnetic susceptibility is a measure of how much
a material will become magnetized in an applied
magnetic field. QSM is calculated using the T2�

Table 1. Overview of the main neurodegeneration with brain iron accumulation subtypes

Gene Frequency Inheritance Onset
Distinctive clinical fea-
tures

Biological
markers

NBIA

PKAN PANK2 þþþ AR Child DP, spasticity, retinopathy Acanthocytosis

Young adult Slower progression,
psychiatric signs (OCB,
S, D)

PLAN PLA2G6 þþþ AR Child (INAD) Psychomotor regression,
spasticity, neuropathy,
OA

Young adult (ANAD) DP, cerebellar ataxia,
psychiatric signs

BPAN WDR45 þþþ X-linked Child Intellectual disability,
autism, epilepsy

DP in early adulthood

MPAN C19orf12 þþ AR, AD Child/young adult DP, spasticity, dementia,
neuropathy, OA

Aceruloplasminemia CP þ AR Adult (40 years) DP, chorea, cerebellar
ataxia, diabetes,
retinopathy

Low CER,
high ferritin

Ferritinopathy FTL þ AD Adult (50 years) DP, chorea, cognitive
defects

Low ferritin

FAHN FA2H þ AR Child/young adult Spasticity, cerebellar
ataxia, DP, CD,
epilepsy, OA

Woodhouse–Sakati DCAF17 þ AR Adolescent Intellectual disability, DP,
chorea,

Alopecia, deafness,
hypogonadism,
diabetes

Kufor–Rakeb disease ATP13A2
(PARK9)

þ AR Adolescent DP, dementia

CoPAN COASY þ AR Child Intellectual disability, DP,
spasticity, paraparesis,

psychiatric signs

NBIA-like

SCP2 SCP2 þ AR Adult DP, cerebellar ataxia,
neuropathy

GM1 gangliosidosis GLB1 þ AR Child DP, cerebellar ataxia

AP4-deficiency AP4M1 þ AR Child Intellectual disability,
microcephaly,
spasticity,

DDHD1 DDHD1 þ AR Child/adult Spasticity, cerebellar
ataxia, neuropathy,
retinopathy

GTPBP2 GTPBP2 þ AR Child Intellectual disability

AD, autosomal dominant; ANAD, atypical neuroaxonal dystrophy; AR, autosomal recessive; BPAN, beta-propeller protein-associated neurodegeneration; CER,
ceruloplasminemia; CoPAN, coenzyme A synthase protein-associated neurodegeneration; D, depression; DP, dystonia–parkinsonism; FAHN, fatty acid 2
hydroxylase-associated neurodegeneration; INAD, infantile neuroaxonal dystrophy; MPAN, mitochondrial membrane protein-associated neurodegeneration; NBIA,
neurodegeneration with brain iron accumulation; OA, optic atrophy; OCB, obsessive–compulsive behavior; PKAN, panthotenate kinase-associated
neurodegeneration, PLAN, phospholipase A2 group VI-associated neurodegeneration; S, schizophrenia-like psychosis.

Neuroimaging
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magnitude and phase images and provides a mea-
surement of local magnetic susceptibility variations.
Because T2� and SWI images are more sensitive to
microscopic inhomogeneities of the magnetic field
reflecting iron deposition than spin echo T2-
weighted images, these sequences should be added
to the MRI acquisition protocol used for NBIA diag-
nosis. This effect increases with the magnetic field
and is therefore greater at 3T, and even more at 7T,
than at 1.5T. In contrast, T2 and FLAIR images better
evaluate white matter changes, gliosis, and cavita-
tion but are much less sensitive to iron deposition.
Cavitation is seen as an area of high signal intensity
on T2-weighted images and might provide addi-
tional diagnosis clues to the genetic diagnosis.
Three-dimensional T1-weighted images are added
to evaluate brain morphology changes and atrophy.
T1-weighted images may also provide interesting
information on metallic deposit. For instance, iron
or copper bound to molecules such as neuromelanin
form paramagnetic complexes that appear hyperin-
tense on T1-weighted images [8]. This effect may
explain the high signal intensity observed in the
basal ganglia in some NBIA subtypes [9,10]. Studies
have used R2�mapping, mostly in deferiprone trials
[6

&

,11–13], or QSM [14,15
&

] to quantify iron deposi-
tion. Importantly, a CT scan shall be performed to
look for brain calcifications, which MRI aspect is
variable and can be difficult to distinguish from iron
deposition in routine practice.

IRON DEPOSITION IN THE NORMAL BRAIN

Iron gradually deposits in specific regions of the
normal brain and particularly the basal ganglia.
Histologically, the structures richest in iron are
the globus pallidus and substantia nigra, followed
by the red nucleus, putamen, caudate nucleus, den-
tate nucleus and the subthalamic nucleus [16].
Weaker iron deposition is also observed in the cere-
bral and cerebellar cortex, nuclei of the thalamus,
the mamillary body, and the tectum [16]. MRI shows
early age-related increase in globus pallidus and
substantia nigra iron levels, which reaches a plateau
in early adulthood [17,18]. Using T2-weighted
images at 1.5T, iron deposition is first seen in the
globus pallidus, followed by the red nucleus and
substantia nigra, and then the dentate nucleus.
Decreased signal intensity was not seen in these
regions in patients less than 10 years old [18]. Using
SWI at 1.5T, iron deposition was detected in the
globus pallidus in all children and young adults
older than 3 years [19]. In the putamen, iron depos-
ited from the posterolateral to the anteromedial
areas of the putamen [19]. Iron deposition in the
putamen was not seen in normal subjects during the

first decade of life whereas all normal subjects older
than 20 years of age exhibited a rim of low SWI
signal around the putamen called putaminal pencil
lining [20]. In the cortex, iron may be detected at 3T
using SWI as a fine band of low signal intensity
following the contour of the cortex called the corti-
cal pencil lining. At 1.5T, this sign is observed in all
subjects older than 50 years [20].

IMAGING ASPECTS IN THE MOST
COMMON NEURODEGENERATION WITH
BRAIN IRON ACCUMULATION SUBTYPES

A general summary of the different MRI anomalies
observed in the different types of NBIA is presented
in Table 2.

Panthotenate kinase-associated
neurodegeneration

The typical brain MRI aspect of PKAN is character-
ized by an abnormal central T2/T2� hyperintensity
secondary to gliosis and spongiosis of the antero-
medial part of the globus pallidus that is surrounded
by a low signal intensity caused by iron accumula-
tion. This pattern is referred to as the ‘eye of the
tiger’ sign and is observed in almost all PKAN
patients (Fig. 1a–d). The central hyperintensity
can predate the surrounding hypointensity in some
patients [21,22

&

]. In addition, the hyperintense cen-
ter may vary in shape over the disease course from
small round to streak, and rare patient can eventu-
ally have a more homogeneous hypointensity of the
globus pallidus [22

&

,23]. This is likely because of
further accumulation of iron eventually obscuring
the central hyperintensity. Associated hypointen-
sity can be observed frequently in the substantia
nigra and more rarely in the subthalamic nucleus
and the dentate nuclei [22

&

,24]. Finally, it is impor-
tant to keep in mind that bipallidal calcifications
can be observed in PKAN [25], and can even be the
first neuradiological abnormality [26].

Phospholipase A2 group VI-associated
neurodegeneration

PLAN constitutes two forms of infantile neuroaxo-
nal dystrophy (INAD) and atypical neuroaxonal
dystrophy (ANAD). Brain MRI shows iron deposits
in the globus pallidus, the substantia nigra and the
dentate nucleus [24,27,28] but not in all patients
[29

&

] (Fig. 1e–h). Cerebellar atrophy is constant,
affecting both the vermis and hemispheres, and
T2/FLAIR hyperintensity of the cerebellar cortex
and dentate nuclei are often present [29

&

]. The den-
tate nucleus may be hypointense on T2�-weighted

MRI in NBIA Lehéricy et al.
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images [24,27] or hyperintense on T2-weighted
images [29

&

]. Cerebellar atrophy is greater when
disease onset is earlier [29

&

]. Cerebral atrophy and
white matter changes may also be observed
[29

&

,30,31]. Occasionally, the substantia nigra
may be more affected than the globus pallidus in
some patients [31].

Beta-propeller protein-associated
neurodegeneration

Patients with BPAN displays iron deposition in the
globus pallidus and substantia nigra on brain MRI
[30,32–34] (Fig. 2). In contrast to normal individu-
als, the putaminal pencil lining was observed early
during the first decade of life in BPAN patients [20].
A hyperintense halo has also been reported around
the substantia nigra using T1-weighted images
[30,32,35,36] but this sign seems inconstant [33].
Brain and hippocampal atrophy as well as cortical
thinning have been reported in patients with epi-
leptic encephalopathies [34,36–38]. During early
childhood, BPAN patients can present transient

hyperintensity and swelling in the globus pallidus
and substantia nigra because of infections, followed
by elevated iron measured by QSM [39].

Mitochondrial membrane protein-associated
neurodegeneration

Brain MRI in MPAN shows iron deposition in the
globus pallidus and the substantia nigra (Fig. 3) [40].
Visibility of the internal medullary lamina as a band
of high signal intensity in the globus pallidus has
been reported [9,15

&

,41,42]. Whether this aspect is
specific to MPAN remains to be determined. Addi-
tional T1 hyperintensity [9], SWI hypointensity
[43,44] and susceptibility increase [15

&

] was reported
in the caudate nucleus and putamen. Cortical or
cerebellar atrophy was observed after long disease
duration [15

&

,40]. Autosomal dominant forms of
MPAN also exist because of a likely gain of function
of certain pathogenic variants in C19orf12 [45

&&

].
Independent of inheritance pattern, most MPAN
cases are phenotypically similar, including the
neuroimaging aspects.

Table 2. MRI features in neurodegeneration with brain iron accumulation

Areas of iron deposition Other distinctive features

NBIA

PKAN GP (eye of tiger sign), less often SN>DN Calcifications possible

PLAN GP, more variably SN, DN Atrophy/hyperT2 cerebellum

Brain atrophy, WM changes

BPAN GP, SN HyperT1 rim around SN

MPAN GP (IML visible), SN HyperT1 in CN-PU

Cortex–cerebellar atrophy

Aceruloplasminemia GP, RN, PU, CN, Tha, RN, DN, Ctx

Ferritinopathy GP, RN, PU, CN, Tha, RN, DN, Ctx Cavitation

Eye of tiger sign possible

FAHN GP WM changes, thinning CC

Pontocerebellar atrophy

Woodhouse–Sakati GP, SN WM changes

Kufor–Rakeb disease GP, PU, CN

CoPAN GP (eye of tiger sign like), SN Striatal hyper T2, calcification

NBIA-like

SCP2 GP, SN, RN, DN Hyper T2 in Tha, pons, WM

GM1 gangliosidosis GP (wishbone sign) Hyper T2 in posterior PU

Progression to SN, RN, STN

AP4-deficiency GP Ventricular enlargement

DDHD1 GP Thinning CC

GTPBP2 GP, SN Vermian atrophy

BPAN, beta-propeller protein-associated neurodegeneration; CC, corpus callosum; CN, caudate nucleus; CoPAN, coenzyme A synthase protein-associated
neurodegeneration; DN, dentate nucleus; FAHN, fatty acid 2 hydroxylase-associated neurodegeneration; GP, globus pallidus; Hyper T1, hypersignal in T1-
weighted images; Hyper T2, hypersignal in T2-weighted images; IML, internal medullary laminae; MPAN, mitochondrial membrane protein-associated
neurodegeneration; NBIA, neurodegeneration with brain iron accumulation; PKAN, panthotenate kinase-associated neurodegeneration, PLAN, phospholipase A2
group VI-associated neurodegeneration; PU, putamen; RN, red nucleus; SN, substantia nigra; Tha, thalamus; WM, white matter.

Neuroimaging
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IMAGING ASPECTS IN IRON
HOMEOSTASIS-ASSOCIATED
NEURODEGENERATION WITH BRAIN IRON
ACCUMULATION

Aceruloplasminemia

Brain MRI in patients with aceruloplasminemia
showed diffuse iron deposits involving all basal gan-
glia (globus pallidus, striatum, substantia nigra), the
red nucleus, the dentate nucleus and the thalamus,
the mammillary bodies, the lateral habenula, the hip-
pocampusandthecortex [11,14,27,46–48] (Fig.4a–d).
It should be noted that patients with hypoceruloplas-
minemia, that is, bearing one heterozygous patho-
genic CP variant, may be symptomatic and present
with pallidal hypointensity, cerebral white matter
hyperintensity, and cerebellar atrophy [49].

Neuroferritinopathy

Brain MRI shows diffuse variable iron deposition in
the globus pallidus, putamen, dentate nuclei, and

in some patients in caudate nuclei and thalami
(Fig. 4e–h). An eye of the tiger sign may be observed
[24]. In about half of the subjects, cavitations or
cystic degeneration are seen as confluent areas of
T2/FLAIR hyperintensity involving the globus pal-
lidus and putamen [24,50–52]. Iron deposition is
also observed in the cortex, a sign described as
‘cortical pencil lining’ [53]. This sign is also
observed in aceruloplasminemia [20]. However, it
is also observed in subjects over 50 years of age so
that its usefulness from this age is questionable
[20].

IMAGING ASPECTS IN ULTRA RARE
NEURODEGENERATION WITH BRAIN IRON
ACCUMULATION DISORDERS

Fatty acid 2 hydroxylase-associated
neurodegeneration

FAHN is remarkable because of the association
of T2 hypointensity in the globus pallidus with

FIGURE 1. Panthotenate kinase-associated neurodegeneration and phospholipase A2 group VI-associated neurodegeneration.
(a–d) A 43-year-old male patient with PKAN. Coronal FLAIR (a), axial FLAIR (b), (c) T1-weighted (T1-w), and (d) T2-weighted
(T2-w) images. The FLAIR and T2-w images show abnormal signal intensity in bilateral globus pallidus with central
hyperintensiy (probably because of gliosis) and peripheral rim of hypointensity (because of iron deposition) corresponding to
the eye of the tiger sign (arrows). The T1-w image shows central hypointenisy surrounded by a rim of high signal intensity
probably because of the presence of paramagnetic material (arrows). (e–h) A 30-year-old female patient with PLAN. Axial T1-
weighted (T1-w, e and f) and T2�-weighted images (T2�-w, g and h). Images show cerebellar atrophy (arrow in e), brain
atrophy with ventricular enlargement (f) and signal hypointensity indicating iron deposition (arrows) in bilateral substantia
nigra (g) and globus pallidus (h). PKAN, panthotenate kinase-associated neurodegeneration, PLAN, phospholipase A2 group
VI-associated neurodegeneration.

MRI in NBIA Lehéricy et al.
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marked brainstem (pons and medulla oblongata,
not observed in PLAN) and cerebellar atrophy,
T2/FLAIR white matter hyperintensities, thinning
of the corpus callosum, and mild generalized
cortical atrophy [54] (Fig. 5a–d). Recently, the
acronym WHAT was proposed to highlight this
combination of white matter changes, hypointen-
sity of the globus pallidus, pontocerebellar atro-
phy, and thin corpus callosum [55

&&

].

Woodhouse–Sakati syndrome

Some patients with this syndrome show iron
deposition in the globus pallidus on brain MRI
and, as disease progresses, in the substantia
nigra and red nucleus [56,57

&

] (Fig. 5e–h). Other
findings are iron deposition in a small pituitary
gland, leukodystrophy and more rarely promi-
nent perivascular spaces and restricted dif-
fusion in the splenium of the corpus callosum
[57

&

,58].

Kufor–Rakeb disease

In Kufor–Rakeb disease, brain MRI can show iron
deposition in the basal ganglia (caudate and lentic-
ular nucleus) and brain atrophy [59–61] (Supple-
mentary Fig. 1, http://links.lww.com/CONR/A52),
although this abnormality is inconstant [62].

Coenzyme A synthase protein-associated
neurodegeneration

Brain MRI in CoPAN typically shows swollen stria-
tum and thalamus, hyperintense in T2-weighted
images in early childhood that may regress over
time and later iron deposition in the globus pallidus
and substantia nigra [63,64] (Supplementary Fig. 1,
http://links.lww.com/CONR/A52). The early striatal
and thalamic changes might thus occur before the
increase of pallidal iron content that was observed
between 7 and 9 years [63,64]. Pallidal changes can
mimic the ‘eye-of-the-tiger’ sign seen in PKAN
because of pallidal calcifications [64].

FIGURE 2. Beta-propeller protein-associated neurodegeneration. A 37-year-old male patient. Axial T1-weighted (T1-w,
a and d), T2�-weighted (T2�-w, b and e) and FLAIR images (c and f). The SN (arrows) is hypointense on T2�-w (b) and FLAIR
(c) images (b), and present a central area of hyposignal surrounded by a rim of high signal intensity on T1-w images (a).
The globus pallidus (arrows) is hypointense in all images (d–f).

Neuroimaging
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OTHER ENTITIES THAT MAY PRESENT
WITH A NEURODEGENERATION WITH
BRAIN IRON ACCUMULATION PATTERN

Other rare genetic diseases occur in young patients
with slowly progressive generalized dystonia-par-
kinsonism and an accumulation of iron in the basal
ganglia visible on MRI. Whether they belong to
NBIA or are NBIA-like diseases is debated, however.

SCPx syndrome

Brain MRI in a 51-year-old man and a 44-year-old
man with SCP2 pathogenic variants showed bilat-
eral T2/FLAIR hyperintense signals in the thalamus,
the pons, and the occipital region [65,66] and
reduced SWI signal in the globus pallidus, substantia
nigra, red nuclei, and dentate nuclei [66] (Supple-
mentary Fig. 1, http://links.lww.com/CONR/A52).

GM1 type3 gangliosidosis

Reduced SWI signal because of iron deposition was
observed in the globus pallidus with progression

to the substantia nigra, the red nucleus and the
subthalamic nucleus [67,68] (Supplementary
Fig. 1, http://links.lww.com/CONR/A52). The aspect
of the globus pallidus was particular with a marked
drop in signal intensity of the external and
internal parts of the pallidum separated by the
hypersignal of the internal medullary lamina rem-
iniscent of that of a wishbone [67]. T2 and FLAIR
hyperintensity was present in the posterior puta-
men and posterior white matter [67]. The combi-
nation of the wishbone sign and the posterior
putaminal hyperintensity is highly suggestive of
this disorder.

AP4 deficiency

In three patients aged 16 to 23 years with biallelic
AP4M1 pathogenic variants brain MRI showed
global brain atrophy, white matter loss, ventricular
enlargement, thinning of the splenium of the cor-
pus callosum and SWI hypointensity in the globus
pallidus [69] (Supplementary Fig. 1, http://links.
lww.com/CONR/A52). Likewise, a 13-year-old

FIGURE 3. Mitochondrial membrane protein-associated neurodegeneration. A 26-year-old female patient. Axial images
passing at the level of the cerebellum (a), the substantia nigra (b-d), coronal (e) and axial images passing at the level of
lenticular nucleus (f–h). Images are T1-weighted (a, b, e, f), T2�-weighted (c and g) and ADC maps (d and h). Boxes show
enlargement of the substantia nigra (b–d) and the lenticular nucleus (f–h). Images show cerebellar atrophy (arrow in a). The
SN (b–d) and the globus pallidus (f–h) are hypointense on T2�-w images, present a central area of hyposignal surrounded by
a rim of high signal intensity on T1-w images and show areas of increased apparent diffusion coefficient (ADC) probably
because of gliosis (arrows). The internal medullary laminae is clearly visible in g (arrows).
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girl with a homozygous pathogenic variant in
AP4S1 had hypointensity in the globus pallidus
and thinning of the splenium of the corpus
callosum [70].

DDHD1 pathogenic variants

Brain MRI in a 55-year-old man showed T2 hypo-
signal in the globus pallidus, T2 hypersignal of the
supratentorial white matter and thinning of the
corpus callosum [71].

GTPBP2 pathogenic variants

Brain MRI in three patients aged 29–34 years (two
males, one female) showed reduced signal on SWI in
the globus pallidus and substantia nigra and ver-
mian atrophy [72].

CONCLUSION

Brain MRI using iron-sensitive MRI sequences is
crucial for the diagnosis of NBIA by showing iron
deposits in the basal ganglia, mostly the globus
pallidus and substantia nigra. Some subtypes also
show characteristic or additional MRI changes: the
‘eye of the tiger ‘sign in PKAN and a similar pattern
reported in some patients with CoPAN and neuro-
ferritinopathies, widespread iron deposition in the
basal ganglia, thalamus, dentate nucleus and red
nucleus in aceruloplasminemia and neuroferritin-
opathy, cavitation in neuroferritinopathy, white
matter abnormalities in FAHN, Woodhouse–Sakati
and SCPx syndromes, cerebellar atrophy in PLAN,
thinning of corpus callosum and pontocerebellar
atrophy in FAHN, swollen striatum with T2 hyper-
intensity in CoPAN.

FIGURE 4. Aceruloplasminemia and neuroferritinopathy. (a–d) A 60-year-old female patient with aceruloplasminemia after
7 years of disease duration. Axial T2�-weighted images showing widespread areas of hyposignal because of iron
deposition in (a) the dentate nuclei (arrow), (b) the hippocampus (arrowhead), red nucleus (asterisk) and substantia nigra
(arrow), (c) the caudate nucleus (arrow) and putamen (double arrows), the thalamus (double arrowheads), and the cortex
(arrowhead), (d) the caudate nucleus (arrow) and the cortex (Image courtesy T. Tourdias). (e–h) A 62-year-old male patient
with neuroferritinopathy after 12 years of disease duration. (e) Sagittal T1-weighted images showing cerebellar and
midbrain atrophy (arrows), (f–h) Axial T2-weighted images showing (f) widespread areas of hyposignal because of iron
deposition in the midbrain and substantia nigra (arrow), (g) the globus pallidus, caudate nucleus, thalamus and putamen
(arrow) with areas of high signal intensity in the putamen corresponding to cavitation (arrowhead), (h) white matter
hyperintensities (arrowhead).

Neuroimaging

470 www.co-neurology.com Volume 33 � Number 4 � August 2020



An important limitation of imaging to date is
that examinations were carried out with different
magnetic fields, different sequences not always
comparable on small series of patients. Few quanti-
tative studies of iron deposition have been pub-
lished. This makes it difficult to study the
specificity of the signal anomalies observed (such
as the T1 hypersignal rim, the wishbone sign), the
relative importance of iron load between the dis-
eases and the involvement of the different regions
(external and internal globus pallidus, internal med-
ullary laminae, substantia nigra, dentate nucleus,
subthalamic nucleus). Future studies using quanti-
tative MRI, high resolution at 3T may help to better
detect and quantify iron deposition in NBIA and to
determine whether iron content correlates with
clinical signs and disease prognosis and evolution.
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