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Hemosiderin Detection inside the Mammillary Bodies
Using Quantitative Susceptibility Mapping on Patients with

Wernicke-Korsakoff Syndrome
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Hemorrhage inside the mammillary bodies (MMBs) is known to be one of the findings of Wernicke
encephalopathy. Brain MRI of two patients withWernicke-Korsakoff syndrome (WKS) demonstrated high
susceptibility values representing hemosiderin deposition in MMBs by using quantitative susceptibility
mapping (QSM). QSM provided additional information of susceptibility values to susceptibility-weighted
imaging in diagnosis of WKS.
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Introduction

Wernicke encephalopathy (WE) is a neurological disease
typically characterized by the triad of conscious disturbance,
gait disturbance, and eye-movement disorder.1 WE often
requires emergent treatment for acute neurologic morbidity;
however, some patients with WE showed the ambiguous
onset, and if prompt treatment is not conducted, they will
suffer from permanent brain damage known as Korsakoff
syndrome (KS).2,3 The pathophysiology of WE is thought to
be cytotoxic and vasogenic edema due to dysfunction of the
Krebs cycle and the pentose phosphate pathway.2,4 Typical
findings of WE are high-intensity lesions on fluid-attenuated
inversion-recovery (FLAIR) which may appear in bilateral
periventricular regions of the thalamus, hypothalamus, mam-
millary bodies (MMBs), and periaqueductal regions.
Contrast enhancement in the MMBs is also known to be

the finding of WE, and the breakdown of blood brain barrier
leads to the hemorrhage inside MMBs. High-resolution MRI
including susceptibility weighted imaging (SWI) is helpful
for detection of hemosiderin deposition in MMBs.5,6

Quantitative susceptibility mapping (QSM) is a robust
technique for quantitative measurement of magnetic sus-
ceptibility. QSM is calculated from raw phase and magni-
tude images of gradient echo images; diamagnetic and
paramagnetic substances cannot be distinguished on SWI
and T2*-weighted images.7 By using QSM, we can differ-
entiate diamagnetic substances, such as calcification and
myelin, from paramagnetic substances, such as ferritin and
hemosiderin.7,8 QSM demonstrated increased susceptibility
in gadolinium deposition,9 Alzheimer’s disease,10,11 and
applied into various clinical situations.12

QSM findings of two cases with Wernicke-Korsakoff syn-
drome (WKS) are reported in this study, and susceptibility
values of MMBs are compared between patients with WKS
and age-matched patients without any intracranial lesions.

Methods

Cases with WKS
Case 1. A 55-year-old male with subacute progressive demen-
tia was referred to our hospital for endoscopic sphincterotomy
to remove common bile duct stone. He also suffered from
alcoholic liver cirrhosis with mild hepatic encephalopathy. He
was found to have cognitive impairment on the rounds, and
blood sampling showed low serum thiamine. Rapid adminis-
tration of thiamine did not improve his cognitive impairment.
A brain MRI was performed on the 11th admission day.
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Case 2. A 52-year-old male was hospitalized with diffi-
culty in body movement and disturbance of consciousness.
He had been a heavy drinker for several years and was
diagnosed as liver cirrhosis, and his family was aware of
the patient’s cognitive decline and gait disturbance for 3
months prior to admission. On admission, he had ocular
deviation; neurological examination showed disorientation
and attenuated tendon reflexes. Both serum thiamine and
folate acid turned out to be low. His conscious disturbance
improved slightly immediately after thiamine injection tem-
porarily; however, it soon deteriorated. A brain MRI was
performed on the 6th admission day.

Patients (Control)
SWI is clinically useful for evaluating deposition of hemosi-
derin, iron, and calcification, and MR scans including SWI
are often used in our hospital to diagnose or to rule out
cerebrovascular diseases, neurodegenerative diseases, and
dementia. Male patients who were between 50 and 58 years
old without any severe central nervous diseases from January
2017 to June 2022 and who underwent SWI and QSM,
created from the corresponding magnitude and raw phase
data, were retrospectively enrolled in this study. Eleven
patients were included and our institutional review board
approved this study and written informed consent was waived.

MR imaging
All MR examinations were performed at a 3T scanner
(MAGNETOM Skyra; Siemens Healthineers, Erlangen,
Germany) with 32-channel head coil. MRI protocol
included a 3D axial gradient echo (GRE) sequence with
the following imaging parameters: TR/TE, 28/20 msec;
FOV, 179 × 230 mm; resolution, 0.72 × 0.72 mm; slice
thickness, 1.0 mm; and generalized autocalibrating partially
parallel acquisitions, 2×. SWI was automatically created
after acquisition of 3D GRE images on the MR console.
Raw phase data were retrospectively reconstructed from 3D
GRE images by using retro-recon function. FLAIR, diffu-
sion weighted imaging (DWI), and MR angiography
(MRA) were also performed.

Post-imaging analysis
QSM was calculated from the magnitude and phase images of
the 3D GRE images with STI Suite ver.3 (https://people.eecs.
berkeley.edu/~chunlei.liu/software.html). Phase unwrapping
and background phase removal were performed by using
brain mask images created from the magnitude image using
skull stripping tool. After background phase removal, sus-
ceptibility map was calculated from the resulting local
tissue phase image by solving an inverse problem using
the algorithm for sparse linear equations and least squares
(iLSQR method).

ROI analysis was performed as follows: one rater (Y.N.,
2 years of experience in radiology) placed ROIs on the mag-
nitude images manually around the contours of each region,

and approved by another rater (Y.F., 24 years of experience
in neuroradiology). Then, ROIs were transferred to QSM,
and susceptibility values of bilateral MMB, globus pallidus,
putamen, substantia nigra, and red nucleus were measured.

Results

Brain MRI showed moderate brain atrophy in both cases.
SWI showed low-intensity spots in both MMBs in both cases
with WKS. QSM showed high susceptibility values corre-
sponding to the lesions of MMBs, which suggests paramag-
netic susceptibility such as hemosiderin (Fig. 1). FLAIR
showed no hyperintensities in bilateral periventricular
regions of the thalamus, hypothalamus, MMBs, or periaque-
ductal regions. DWI and MRA showed no abnormal
findings.

Three patients were excluded due to image artifacts over
MMBs, and totally 8 male patients were included as controls
finally (54.0± 1.9 years). The reasons for brain MR scan are
screening (N = 7) and old thalamic lacunar infarction (N = 1).
Brain MRI showed no major abnormal findings for controls
except one old lacunar infarction which became almost invi-
sible on MRI.

Susceptibility values of both MMBs were higher in cases
with WKS than those in control patients (Table 1).
Susceptibility values in other deep gray matters did not
showmajor differences between cases withWKS and control
patients.

Discussion

Low signal on SWI and high susceptibility values on QSM
were observed for 2 cases with WKS. Our findings suggest
hemosiderin depositions in MMBs for cases with WKS, and
no similar finding was detected in MMBs for control patients.
In the early phase of WE, in addition to abnormal hyperinten-
sities on FLAIR, petechial hemorrhage is known to occur in
MMBs with subsequent atrophy. In KS, autopsy cases and
images often show hemorrhage in MMBs. QSM can provide
abnormal findings of susceptibility values in MMBs, which
may help us interpret the pathophysiology of WKS.

There is one previous paper reporting that susceptibility
values of MMBs were around 0.05 ppm in healthy controls,
which is consistent with our results for control patients.13

QSM showed that susceptibility values of right MMB
showed significantly higher in mild cognitively impaired
(MCI) patients compared with healthy controls.13

Susceptibility values of MMBs for cases with WKS in this
study were higher than those in MCI patients.13

Susceptibility values of the other ROIs were not different
between cases with WKS and control patients in this study;
however, further studies are required to perform statistical
analysis based on the limited number of cases with WKS.

There are limitations in this study. Firstly, only 2 cases
with WKS are included in this study. Secondly, single-TE
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is used for this study to obtain high-resolution QSM.
Single-TE QSM is susceptible to phase noise and phase
unwrapping error compared to multi-TE QSM. However,
good intraclass correlation coefficient was obtained
between single-TE QSM and multi-TE QSM at least in
deep gray matters of healthy subjects.7 Lastly, some
motion artifacts were observed in both cases with WKS,
especially in case 2. Such motion artifacts as well as
susceptibility artifacts associated with paranasal sinus
and skull base structures may have affected susceptibility
values in this study.

In conclusion, QSM demonstrated tiny hemosiderin
depositions in MMBs for cases with WKS.
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globus pallidus; Lt, left; MMB, mammillary body; PT, putamen; RN, red nucleus; Rt, right; SN, substantia nigra.
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