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Iron has a vital role in the human body, including the central nervous system. Increased deposi-
tion of iron in the brain has been reported in aging and important neurodegenerative diseases.
Owing to the unique magnetic resonance properties of iron, MRI has great potential for in vivo
assessment of iron deposition, distribution, and non-invasive quantification. In this paper, we
will review the MRI methods for iron assessment and their changes in aging and neurodegener-
ative diseases, focusing on Alzheimer’s disease. In addition, we will summarize the limitations
of current approaches and introduce new areas and MRI methods for iron imaging that are ex-
pected in the future.
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Fig. 1. Comparison of magnitude images of GRE, tissue phase images, SWIs, and QSM in a normal brain.

The magnitude images, tissue phase images, SWI, and QSM show hypointensity of the basal ganglia, overlapped dipole patterns (b, yellow
box) with good contrast along the basal ganglia and venous structures, enhanced contrast of these structures, and local magnetic susceptibil-
ity from dipole inversion (x, green box), respectively. Note the excellent contrast between gray and white matters, as well as deep gray matter
substructures.

GRE = gradient recalled echo, QSM = quantitative susceptibility mapping, SWI = susceptibility-weighted image
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Fig. 2. A scheme for processing pipeline of SWis and QSM.

Both SWI and QSM use magnitude and phase images of gradient echo images. For SWI (green box), attenuation of paramagnetic tissue sig-
nals is achieved using combination of filtered phase information, and for QSM (blue box), preprocessing is performed to extract phase infor-
mation from the tissue of interest (tissue phase); from this, QSM is calculated using dipole inversion, and information from magnitude images
is exploited for preprocessing and dipole inversion.

QSM = quantitative susceptibility mapping, SWI = susceptibility-weighted image
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Fig. 3. Images of a 40-year-old male patient with normal cognition (A, B) and a 72-year-old male patient
with mild cognitive impairment (C, D). On SWI, both basal ganglia of the patient with mild cognitive impair-
ment are hypointense (C), suggesting increased iron deposition compared to that in the person with nor-
mal cognition (A); more profound paramagnetic characters of the basal ganglia are observed on QSM in the
patient with mild cognitive impairment (D) as compared to the person with normal cognition (B). There are
three microbleeds (right column in C, arrows) in the patient with mild cognitive impairment. Note the para-
magnetic property of a microbleed (box in D).

QSM = quantitative susceptibility mapping, SWI = susceptibility-weighted image
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