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A B S T R A C T 

Aceruloplasminemia is a rare autosomal recessive disease, affecting iron metabolism, with typical 

onset in adulthood. It is brought about by mutations in the ceruloplasmin gene. Laboratory 

investigations reveal microcytic anemia, elevated serum ferritin, and a complete absence of serum 

ceruloplasmin ferroxidase activity. Clinical manifestations reflect the specific locations of 

neurodegeneration and iron deposition. Neuroradiological findings, characterized by symmetric 

“blooming” hypointense deposits on T2-weighted and T2*-weighted sequences in the basal ganglia, 

thalamus and cerebellum (especially dentate nucleus), are an exclusive feature of 

aceruloplasminemia. We report a case of a 52-year-old man who underwent MR exam to further 

characterize a diagnosis of AP which showed typical iron deposition and unusual T2-

weighted/FLAIR hypointensities in the subcortical white matter U fibers, suggesting that brain iron 

accumulation can be more extensive than previously believed.  
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1. Introduction 

Aceruloplasminemia (AP) is a rare autosomal recessive disease, affecting 

iron metabolism, with typical onset in adulthood. It is determined by 

mutations of the ceruloplasmin (CP) gene, absence of serum CP, low 

serum iron levels and iron accumulation in the liver, brain and other 

organs[1]. Clinical manifestations reflect the specific sites of 

neurodegeneration and iron deposition. Magnetic resonance imaging 

(MRI) usually shows symmetric “blooming” hypointense deposits on T2-

weighted and T2*-weighted sequences in the basal ganglia, thalamus and 

cerebellum which are an exclusive feature of AP. This widespread pattern 

of involvement helps distinguish AP from other types of 

neurodegeneration involving brain iron accumulations. We report a case 

of a 52-year-old man who underwent an MR exam to further characterize 

a diagnosis of AP which showed typical iron deposition and unusual T2-

weighted/FLAIR hypointensities in the subcortical white matter U fibers, 

suggesting that brain iron accumulation can be more extensive than 

previously believed.  

 

2. Case report 

A 52-year-old Caucasian man, with a ten year history of  type 2 diabetes 

mellitus, came to our attention for progressive cognitive deterioration and 

growing irritability over the previous two years. Neurological examination 

showed moderate mixed symmetric tremor of the upper limbs, with a 

mini-mental test examination score of 24 (normal range 24-30) and 

irritability. 

Liver function was within the normal range. An ophthalmological 

consultation showed signs of retinal degeneration, but no Kayser-

Fleischer rings. He had also mild microcytic anemia (hemoglobin level, 

10,4 g/dL; mean corpuscular volume, 78 fl), with ferritinemia above 1,500 

ng/mL. Urinary and serum copper levels were undetectable. Moreover, 

serum CP levels were undetectable, thus AP was suspected. To further 

characterize the clinical diagnosis, the patient underwent brain MRI 

examination (3T GE Discovery MR750 scanner; 8-channels head coil). 

T2-weighted fluid attenuated inversion recovery (FLAIR) and T2*-

weighted gradient recalled-echo (GRE) pulse sequences revealed an 

hypointense signal in several deep gray matter structures:                    
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putamina, dentate nuclei, substantia nigra, red nuclei, inferior and superior 

colliculi and thalamic nuclei (pulvinar in particular) (Figure 1). Diffuse 

hypointensities related to iron deposition were also present on GRE 

images in the subcortical white matter U fibers. Moreover, the imaging 

protocol was completed with a T2* multi-echo sequence which allows 

Iron quantification. The images confirmed the iron overload (Figure 2). 

Considering the typical MRI brain iron deposition pattern the 

neuroradiological diagnosis was consistent with the clinical data. The 

patient underwent treatment with iron chelators with progressive reduction 

of ferritinemia without significant clinical benefit to neurological 

symptoms. 

 

 

Figure 1. T2-weighted GRE (top row) and FLAIR (bottom row) 

sequences passing through the middle cerebellar peduncles (a, d), 

midbrain/diencephalon (b, e) and the basal ganglia region (c, f). Iron 

deposits are apprecciable as "blooming" hypointensity areas 

bilaterally in the dentate nucleus (a,d), red nucles and substantia 

nigra (b, e), basal ganglia and thalami (c, f). Subcortical white matter 

("U" fibers) involvement is well demonstrated in FLAIR imaging 

(arrow in e and f). 

      

 

Figure 2. Color coded T2* map images (blue: high iron deposits; red: 

no iron deposits) showing the iron overload in dentate nucleus (arrow 

in a), red nucleus and substantia nigra (open circle in b), caudate 

nucleus, pallidus and putamen of both sides (c). The involvement of 

the thalami is also evident due to major deposits into the pulvinar 

(arrow in c). 

 

3. Discussion 

AP is a rare autosomal recessive disease, affecting iron metabolism, with 

typical onset in adulthood. It is determined by mutations of the CP gene 

(located on the long arm of chromosome 3), absence of serum CP, low 

serum iron levels and iron accumulation in the liver, brain and other 

organs, with a rare prevalence (1 case/2 million people) [1].  

CP plays an antioxidant role by transforming iron from its Fe2+ to Fe3+ 

state, thus preventing oxidative damage caused by the formation of free 

radicals Fe2 + by the Fenton reaction. Furthermore, by oxidizing iron from 

Fe2+ to Fe3, CP allows the escape of iron from the cell since only ferric 

iron can be absorbed by transferrin in the bloodstream [2]. 

Iron accumulates in the liver, pancreas, retina and brain. Clinical 

manifestations reflect the specific sites of neurodegeneration and iron 

deposition, these include: diabetes mellitus, retinal pigmentary 

degeneration, dystonia, extrapyramidal signs, cerebellar ataxia, and 

dementia. Diabetes usually develops after the age of 30, while 

neurological symptoms usually develop after the age of 50 [3]. A 

diagnosis of aceruloplasminemia is made based upon identification of 

characteristic symptoms, a detailed patient history, a thorough clinical 

evaluation and a variety of tests. The limitation of our case is represented 

by the lack of a genetic diagnostic test. Indeed, although the definitive 

diagnostic test is to demonstrate the mutations in the CP gene, 

undetectable CP, microcytic anemia, hyperferritinemia, and low copper 

levels together with clinical symptoms, as in our case ,are usually enough 

to make a diagnosis of AP.  

Moreover, the typical brain iron deposit patterns, easily detected using 

MRI, may be useful to direct the diagnosis in poorly symptomatic or 

accidental cases. Indeed, “blooming” hypointense deposits on T2-

weighted and T2*-weighted pulse sequences in the basal ganglia, 

thalamus and cerebellum (especially dentate nucleus) are an exclusive 

feature of AP. 

Neuroradiological findings allow for a differential diagnosis to be made 

easily in the field of neurodegeneration with brain iron accumulations 

(NBIA) with adult onset, characterized by brain iron deposition and 

associated with neuronal death. In these conditions iron deposition is 

either more limited (e.g. confined to the pallidus) or associated with other 

features (e.g. cavitation, cerebellar atrophy or thin corpus callosum) [4]. 

As in our case, the widespread pattern of involvement helps distinguish 

AP from other NBIA. Moreover, considering the high magnetic field used 

(3T), we detected T2-weighted FLAIR hypointensities in the subcortical 

white matter U fibers too, suggesting that brain iron accumulation in AP is 

more extensive than previously believed and not only confined into the 

basal ganglia and thalami. This finding, could be related to the  long 

course of the disease. Indeed, iron deposition usually increases over time. 

This particular finding, thanks to the use of susceptibility weighted 

imaging (SWI) sequences, has been described only recently in an isolated 

case together with cortical and subcortical gray matter iron deposition and 

has not been related to other iron overload diseases yet [5].  

However, although brain iron overload and neurological symptoms are 

late manifestations of ACP patients, some reports described affected 

patients without or with very mild brain iron overload [6]. Lastly, using 

advanced MRI techniques, such as multi-echo T2* weighted sequences, to 

quantify iron overload could be useful in a patient’s treatment follow-up 

with iron-chelators. 
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4. Conclusion 

Undetectable CP, microcytic anemia, hyperferritinemia, and low copper 

levels together with clinical symptoms are usually enough to diagnose AP. 

On the other hand, the typical brain iron deposits patterns at MRI, may be 

useful to direct the diagnosis in poorly symptomatic or accidental cases. 

Since these deposits are well demonstrated by using T2*-weighted or the 

more recently introduced SWI [7], including these pulse sequences in 

daily diagnostic protocols is becoming increasingly important especially 

in consideration of the significant spread of high- and very-high field 

strength MRI scanners. These characteristic neuroradiological findings 

together with clinical features and family history should guide 

investigation with genetic testing. 
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