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Introduction

Hemochromatosis is a primary or secondary pathological con-
dition characterized by the deposition of excess iron in the
body tissues, which can eventually lead to cellular damage
and organ dysfunction [1,2]. Excess iron deposition occurs pri-
marily in parts of the reticuloendothelial system such as the
liver, spleen, and bone marrow. However, when these tissues’
capacity is saturated, the excess iron is deposited in the heart,
endocrine glands, skin, and joints. Although excess iron depo-
sition in the central nervous system (CNS) is rare, the involve-
ment of the choroid plexus, pituitary gland, cortical surfaces,
and basal ganglia has been reported [3-7]. We report 2 cases of
transfusion-induced hemochromatosis involving the choroid
plexus and pituitary gland.

Case reports

Patient 1

A 70-year-old Japanese woman showed abnormal findings on
brain magnetic resonance imaging (MRI) conducted for the an-
nual follow-up of an intracranial aneurysm. The patient had
a history of double-expressor lymphoma and had received
rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP), and she had undergone a peripheral-
blood stem cell transplantation. Due to poor amelioration of
the hematopoietic cells, she had been transfusion-dependent
for 2 years. She had received red blood cell (RBC) transfusions
every 2 weeks, and a total of 110 units of RBC had been trans-
fused at the time of this MRI. The results of her physical and
neurological examinations on admission were unremarkable,
and her blood counts were normal. However, blood biochem-
istry showed an abnormally high ferritin level at 5609 ng/mL
(reference range: 25-250). Brain MRI showed scattered nonspe-
cific high signal intensities in the bilateral cerebral white mat-
ter on T2-weighted images (T2WI) and fluid-attenuated in-
version recovery (FLAIR) images. On susceptibility-weighted
imaging (SWI), the choroid plexus of the lateral ventricles,
the fourth ventricle, and the foramina of Luschka showed
markedly low signal intensity that was undetectable on T2WI
(Figs. 1A-F). On computed tomography (CT), no calcifications
were observed in these low signal intensities (Figs. 1G-I).
These low signal intensities were not seen on the patient’s MRI
examinations prior to the RBC transfusion, leading to the diag-
nosis of transfusion-induced hemochromatosis of the choroid
plexus. The patient received iron chelation therapy, which was
discontinued due to drug-induced liver injury; she died 2 years
later due to a recurrence of the lymphoma.

Patient 2

A 37-year-old Japanese man was admitted to our hospital due
to impaired consciousness. The patient had a history of al-
coholic cirrhosis. Physical and neurological examinations re-
vealed marked skin yellowing and hepatic halitosis. A labo-
ratory examination revealed anemia, decreased platelets, and

hyperammonemia: RBC count 1.06 x 10°6/uL, hemoglobin 4.8
g/dL, platelet count 7.3 x 1074/uL, and ammonia 151 umol/L
(reference range: 30-80 umol/L). Based on these findings, the
patient was diagnosed with hepatic encephalopathy.

Brain MRI showed high signal intensity in the bilateral
globus pallidus on T1-weighted images (T1WI), consistent
with hepatic encephalopathy. A total of 32 units of RBCs were
transfused to treat the patient’s anemia. The patient’s serum
transferrin level after a transfusion of 4 units of RBC was 706
ng/mL (reference range: 25-250 ng/mL). After treatment for
hepatic encephalopathy, the patient was discharged from the
hospital but was readmitted to our hospital again due to im-
paired consciousness.

On readmission, the patient’s blood ammonia level was el-
evated (149 umol/L), and a worsening of hepatic encephalopa-
thy was suspected. MRI was performed for the assessment of
the cause of the patient’s impaired consciousness. In addi-
tion to bilateral hyperintensity in the globus pallidus on T1WI,
T2 star-weighted images (T2*WI) showed markedly low signal
intensity in the choroid plexus of the lateral ventricles, the
fourth ventricle, and the foramina of Luschka (Fig. 2A). On CT,
no calcifications were observed in these hypointense lesions
(Fig. 2B). The pituitary gland showed low signal intensity on
T2WI (Figs. 2C and D); the signal ratio of the pituitary gland to
the basilar pons decreased from 1.05 to 0.73 prior to and after a
transfusion of 32 units of RBC. The patient was diagnosed with
transfusion-induced hemochromatosis of the choroid plexus
and pituitary gland. A pituitary function test showed no appar-
ent pituitary dysfunction. The patient was treated for cirrhosis
but died 1 month after the readmission.

Discussion

Hemochromatosis is a systemic disease characterized by ex-
cess iron deposition in parenchymal cells that can eventually
lead to cellular damage and organ dysfunction [1]. This disor-
der can be classified into primary and secondary hemochro-
matosis [2]. Primary hemochromatosis is a genetic disorder
that alters a protein involved in the regulation of iron absorp-
tion. Secondary hemochromatosis is a nongenetic cause of
iron accumulation in the organs, including (1) increased iron
absorption, such as cirrhosis, (2) myelodysplastic syndrome,
(3) anemias associated with ineffective erythropoiesis (e.g.,
thalassemia), and (4) an exogenous increase in iron due to
ingestion, parenteral infusion, or repeated blood transfusions
[8].

Iron is an essential element for proper cellular function
and is involved in many important physiological activities in-
cluding hemoglobin synthesis, oxygen transport, and ATP pro-
duction [9]. Excess iron can produce numerous harmful re-
active oxygen species that can damage cellular membranes,
proteins, and DNA [10]. Because humans have no physiologic
pathway for iron excretion, the body’s systemic or cellular
iron homeostasis is maintained by finely regulating iron ab-
sorption, circulation, utilization, and storage [1]. Maintaining
a homeostatic iron balance requires only 1 to 2 mg of iron per
day; each unit of packed RBC contains approx. 100 mg of iron.
Thus, after receiving only 10 to 20 units of RBC transfusions,
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Fig. 1 - Brain CT and MRI findings of Patient 1, a 70-year-old woman. Axial T2-weighted images (A-C) show no obvious
abnormal signal intensity in the choroid plexus. In contrast, axial susceptibility-weighted images at the same slice levels
(D-F) show marked hypointensity in the choroid plexus of the lateral ventricles (arrows) and in the foramina of Luschka
(dashed ovals). Axial CT (G-I) demonstrates no calcification in these low signal intensities, indicating choroid plexus

hemochromatosis.

patients can begin to accumulate a significant amount of iron
[11]. A total of 110 units of RBC were transfused in the present
Patient 1 and a total of 32 units of RBC were transfused in Pa-
tient 2.

As noted in the Introduction, hemosiderin initially ac-
cumulates in the reticuloendothelial system, including the
spleen, bone marrow, and liver [1], and if these become sat-
urated, excess iron is deposited in other tissues. Although
iron deposition can occur anywhere in the body, CNS involve-
ment is rare. Because brain cells are normally well shielded
from iron deposition by the blood-brain-barrier (BBB), CNS

hemochromatosis has been reported mainly outside the BBB,
including the choroid plexus and the pituitary gland [7]. CNS
hemochromatosis tends to be asymptomatic unless the pitu-
itary gland is affected, which can result in hypopituitarism
[6,12,13]. The choroid plexus has been shown to be an impor-
tant interface for brain iron homeostasis and is hypothesized
to protect the brain from iron deposition through a buffering
mechanism [3,4]. Considering that iron deposition in the body
tissues can lead to irreversible organ damage, the early de-
tection of iron deposition in the choroid plexus could provide
valuable information for the diagnosis and assessment of the
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Fig. 2 - Brain CT and MRI findings of Patient 2, a 37-year-old man. The choroid plexus shows marked hypointensity on T2
star-weighted images (A, arrows). Axial CT demonstrates no calcification in the choroid plexus (B). A sagittal T2-weighted
image prior to the transfusion of red blood cells (RBC) shows no abnormalities in the pituitary gland (C, arrow). A sagittal
T2-weighted image after the RBC transfusion shows decreased signal intensity of the pituitary gland (D, arrow). These
findings are consistent with choroid plexus and pituitary hemochromatosis.

severity of iron deposition in the CNS, even if the patient is
asymptomatic.

MRI has been established as the most useful imaging
modality for the assessment of iron deposition. Excess iron
ions cause local distortions in the magnetic fields and relax-
ation of the spins, resulting in shortening of the T2 relaxation
time and especially the T2* relaxation time [8]. Brain MRI with
a gradient echo (GRE) sequence demonstrated increased sen-
sitivity in detecting CNS hemochromatosis. T2*WI has been
shown to be superior to T2W1Iin detecting pituitary hemochro-
matosis, and the degree of signal intensity on T2*WI corre-
lates with the severity of pituitary dysfunction [14,15]. SWI
is a high-spatial-resolution 3D-GRE MRI sequence with phase
post-processing that enhances the paramagnetic properties,
and it is more sensitive for detecting hemosiderin than con-

ventional 2D-GRE MRI [16]. In Patient 1, SWI clearly demon-
strated hemosiderin deposition in the choroid plexus with
high spatial resolution. However, the pituitary gland could not
be evaluated due to susceptibility artifact due to the air of the
sphenoid sinus. There have been 2 case reports describing iron
deposition in the choroid plexus with the application of SWI,
but neither report mentioned imaging findings of the pituitary
gland [6,17]. Considering that the sella turcica is surrounded
by the air of the sphenoid sinus, SWI may not be suitable
for evaluations of the pituitary gland. Quantitative suscepti-
bility mapping (QSM) is an MR imaging technique that mea-
sures the magnetic susceptibility of tissues such as blood or
the iron content. An earlier study using QSM showed that the
choroid plexus in patients with thalassemia had significantly
higher susceptibility values compared to healthy control sub-
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jects [18]. These GRE MRI sequences can be used to noninva-
sively diagnose and assess the severity of iron deposition in
the CNS.

Conclusion

Two cases of transfusion-induced hemochromatosis involv-
ing the choroid plexus and pituitary gland were presented. Al-
though rare, excess iron can be deposited in the CNS, partic-
ularly outside of the BBB at sites such as the choroid plexus
and pituitary gland. Brain MRI with GRE sequences was useful
in detecting iron deposition in the choroid plexus. Consider-
ing that iron deposition in body tissues can lead to irreversible
organ damage, MRI with GRE sequences should be considered
for patients with a suspected iron overload.

Patient consent

Written informed consent was obtained from both patients
for publication of this case report.
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