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ClinicalThe iron paradox: a case of acaeruloplasminaemia
J Williamson1, J holt2

Acaeruloplasminaemia is a rare neurodegenerative disorder in which 
dysfunction of the caeruloplasmin gene results in brain iron accumulation 
alongside systemic iron overload. We discuss the case of a 53-year-old 
male who presented to neurology with a 4-year history of progressive 
neuropsychiatric symptoms and was eventually diagnosed with this condition. 
We discuss the characteristic clinical features and supporting laboratory and 

radiological � ndings as well as clinical pointers to help differentiate it from other conditions 
which might cause diagnostic confusion.
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Abstract

Case presentation

a 53-year-old right-handed male was referred to the 
neurology clinic with a 4-year history of progressively 
worsening neurological symptoms. having previously held a 
managerial position within a construction company he noticed 
he was struggling to maintain his level of performance at 
work. following extended periods of absence, and despite 
recommencing employment at a more menial level, he 
continued to struggle with multi-tasking and had memory 
problems. he noticed diffi culties with his mood and behaviour 
culminating in the breakdown of his marriage. he later 
developed diffi culties with articulation of speech, leading 
others to comment that he was ‘slurring his words’. his 
mobility deteriorated and he became unsteady with recurrent 
falls. further, he experienced bowel and bladder frequency 
as well as erectile dysfunction.

Past medical history was remarkable with type 1 diabetes 
diagnosed during his thirties for which he was taking 
insulin. he also suffered with hypercholesterolaemia and 
gastrointestinal oesophageal refl ux disorder. around the 
time he was diagnosed with diabetes  it was noted that 
he had a persistently elevated serum ferritin level. further 
investigation, including testing of the hfe gene for possible 
haemochromatosis, was ultimately unrewarding and a 
diagnosis of non-hfe hereditary iron overload state was 
made. he was managed for a brief period of time with 
recurrent venesection but this had to be discontinued as he 
developed symptomatic anaemia. he had consanguineous 
parents and two siblings. his sister, who passed away from 
complications of diabetes, was also investigated for high 
ferritin levels and found to be negative for the hfe gene. he 
was a smoker and did not drink alcohol to excess. there was 
no family history of other neurological disorders.

neurological examination revealed normal fundi and eye 
movements. speech was dysarthric with evidence of a bilateral 
intention tremor. there were no pyramidal or extrapyramidal 
features present.  refl exes were diminished in the upper 
limbs and absent in the lower limbs. systemic examination 
was unremarkable. blood tests revealed microcytic anaemia, 
elevated ferritin and reduced serum iron (table 1). renal 
function, liver function, thyroid function and bone profi le were 
all within normal limits. serum caeruloplasmin levels were 
undetectable, serum copper was reduced, and a 24 hour 
urinary copper level was normal.

mri brain demonstrated bilateral low t2 signal intensity in the 
basal ganglia, thalamus and dentate nucleus (figures 1 and 
2). Ct scan of the head did not demonstrate any calcifi cation. 
mri liver demonstrated major iron overload estimated at > 
280 umol/g (normal < 36 umol/g). neuro-ophthalmological 
assessment did not fi nd any corneal or retinal abnormalities. 
targeted genetic analysis identifi ed pathogenic homozygous 
mutation of the CP gene: c.2066delC; p.Pro689fs.

Discussion

the patient was diagnosed with acaeruloplasminaemia, a 
neurodegenerative disorder secondary to dysfunction of the 
caeruloplasmin gene. this is a rare autosomal recessive 
disorder with an estimated prevalence of 1 in 2,000,000.1

Caeruloplasmin is a protein predominantly synthesised 
in the liver and best recognised for its role as the major 
copper-binding plasma protein. it also has an essential 
role in iron metabolism demonstrating ferroxidase activity. 
a membrane-bound glycosylphosphatidylinositol-linked 
isoform of the enzyme is present within the brain, liver 
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and pancreas and is responsible for controlling efflux 
of intracellular iron. defi ciency of this enzyme results in 
intracellular iron accumulation which in turn gives rise to 
the characteristic clinical manifestations of this condition, 
including, paradoxically, iron-defi ciency anaemia (the iron is 
trapped in affected organs).1 the condition typically presents 
in the fourth or fi fth decade with a triad of anaemia, diabetes 
and neurological symptoms; retinal degeneration is also 
commonly seen. there can be marked phenotypic variability 
even within family members sharing the same genetic 
defect.2 the most common neurological presentation is 
ataxia, cognitive decline and hyperkinetic movement disorder. 
Cognitive symptoms can include apathy, memory and mood 
disturbance.1 the diagnosis is confi rmed on discovering a 
complete absence of caeruloplasmin alongside supporting 
laboratory tests including microcytic anaemia, elevated 
ferritin and decreased copper. 

acaeruloplasminaemia has characteristic mri appearances 
with hypointensity in the basal ganglia and dentate nucleus 
allowing it to be distinguished from other conditions presenting 
with neurodegeneration and brain iron accumulation.3,4 
it should be considered in any patient with unexplained 
persistently elevated serum ferritin, following exclusion 
of hereditary haemochromatosis.5,6 haemochromatosis, 
in which increased intestinal absorption of iron results in 
overload, responds to venesection because removal of blood 
stimulates effl ux of iron from affected organs.7 in contrast, 
patients with acaeruloplasminaemia are unable to mobilise 
iron stores due to a lack of functioning caeruloplasmin and 
repeated venesection will exacerbate iron defi ciency anaemia. 
a patient may also be diagnosed during the diagnostic workup 
of other neurological disorders presenting with a combination 
of movement disorder and neuropsychiatric symptoms such 
as Wilson’s disease. this disorder, secondary to a mutation 
in the atP7b copper transporting protein, results in both 
a failure to incorporate hepatic copper into caeruloplasmin 
alongside a failure to excrete hepatic copper via the biliary 
system. the toxic build-up of copper within hepatocytes 
ultimately results in excess copper entering the systemic 
circulation. importantly, while these patients may have 
reduced levels of caeruloplasmin, serum and urinary copper 
would be normal or elevated.8 

acaeruloplasminaemia is managed with iron chelation 
therapy. While studies support the use of deferasirox at 
improving liver iron overload, there was no accompanying 
decrease in brain iron accumulation seen.9 in one case 
report of a symptomatic heterozygote, zinc sulphate 200 
mg/day halted progression and led to some improvement.10 
the condition is slowly progressive in nature and patients 
should be counselled with regards to this and managed in a 
multidisciplinary environment. 

Table 1 laboratory parameters

Value Normal range

haemoglobin 125 g/l 140–180 g/l

mean corpuscular 
volume

76.0 fl 80–100 fl

ferritin 1395 ug/l 30–400 ug/l

iron 4 umol/l 10–30 umol/l

Caeruloplasmin < 0.03 0.15–0.3

24 hour urine copper 0.07 umol/l 0–0.9 umol/l

Figure 1 axial section of t2 mri demonstrating bilateral signal 
hypointensity in basal ganglia (arrow)

Figure 2 axial section t2 mri demonstrating bilateral signal 
hypointensity in basal ganglia (arrow) (a) and dentate nucleus 
(arrow)
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