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Abstract

Although a perturbed cerebral blood flow (CBF) has been reported in patients with Wernicke’s encephalopathy (WE), its clinical
meaning is still elusive. A retrospective analysis of 10 patients (male, 6; mean age, 57.7 years) with WE between October 2012
and May 2018 was performed. Brain imaging was performed using fluid-attenuated inversion recovery (FLAIR), diffusion-
weighted imaging (DWI), arterial spin labeling (ASL) perfusion-weighted imaging (PWI), and contrasted enhanced T1-weighted
imaging. All patients had symmetric high signal intensity lesions in the vulnerable areas on FLAIR or DWI with focal
hyperintensity on ASL-PWI (100% sensitivity). CBF|esion Was variable (from 70 mL/100 g/min to 190.0 mL/100 g/min).
CBFesion/CBF white matter Was elevated, ranging from 2.5 to 5.5. Focal hyperintensity on ASL in the vulnerable areas can be a

diagnostic clue for WE.
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Introduction

Wernicke’s encephalopathy (WE) is a neurological syndrome
caused by thiamine (vitamin B1) deficiency [1]. WE may
present with a classical symptom triad including
ophthalmoplegia, altered mental status, and ataxia. However,
when symptoms are atypical, brain imaging may be helpful in
the diagnosis [2]. Pathognomonic radiological findings are
symmetric high signal intensity lesions in the medial thalami,
the periventricular region of the third ventricle, periaqueductal
gray matter, mammillary body (MB), or tectal plate [1]. In rare
cases, gadolinium enhancement due to the blood-brain barrier
(BBB) breakdown may be the only clue [3]. Given the BBB
breakdown is closely linked to hyperperfusion, it is highly
likely that patients with WE have an increased cerebral blood
flow (CBF) in the vulnerable brain areas. By contrast,
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previous studies suggested that CBF and cerebral glucose me-
tabolism were globally reduced in patients with WE [4].
However, those studies were performed in the subacute phase,
and the exact information on focal CBF in the vulnerable
structures, such as MB, does not exist. Whereas, experimental
studies investigating thiamine-deficient animals showed a
transient elevation in CBF, which returned to baseline after
thiamine replacement [5].

Arterial spin labeling (ASL) is a method for measuring
perfusion using a freely diffusible endogenous tracer [6]. It
is non-invasive and does not require gadolinium-based tracers.
Moreover, it is easily repeatable with high reproducibility.
Therefore, we hypothesized that focal hyperintensity on
ASL may have diagnostic yields in patients with the acute
phase of WE.

Materials and methods
Study population

A retrospective review of medical records was performed in
63 patients with a diagnosis code of WE (International
Classification of Disease, 10th Revision, code of E512) be-
tween October 2012 and May 2018. After reviewing electron-
ic medical records, a total of 37 patients were excluded
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because the final diagnoses were different, such as sepsis en-
cephalopathy or metabolic encephalopathy. Among the re-
maining patients, 16 were excluded either due to not undergo-
ing ASL perfusion-weighted imaging (PWI) (n = 15) or poor
quality of ASL-PWI for analysis (n = 1). A total of 10 patients
were included in the final analysis.

Image protocols

All patients underwent MR imaging with a 1.5-T (Signa
HDxt; GE Healthcare, Milwaukee, Wisconsin) or 3-T
(Discovery 750w; GE Healthcare, Milwaukee, Wisconsin)
MR imaging scanner with an 8- or 32-channel head coil.
Imaging sequences included FSE T2WI, contrast-enhanced
spin-echo T1WI, and ASL images. ASL images were ac-
quired for 1.5 s of labeling followed by 1.525 s of labeling
delay. Saturation pulses were used to suppress the back-
ground. The image acquisition consisted of a stack of inter-
leaved 3D fast spin-echo spiral readouts, each of which lasted
4 ms. Each spiral arm included 512 sampling points in k-
space, and a total of 8 interleaves (arms) were acquired sepa-
rately. The ASL parameters were as follows: TR = 4446-4564
ms, TE =9.4-9.9 ms, echo-train length = 1, FOV =240 x 240
mm, matrix = 128 x 128, number of excitations = 3, number of
interleaved sections = 32, section thickness = 5—-6 mm, inter-
section gap = 0 mm, and number of sections = 32—44. The
signal intensity change between the labeled image and the
control image was fitted to a model from which a quantitative
perfusion map of CBF was obtained.

Image analysis

FLAIR, DWI, or T1 contrast imaging (if applicable) were ana-
lyzed for the presence of abnormalities in vulnerable areas such
as the medial thalamus, periventricular area, periaqueductal
gray matter, MB, tectal plate, or medial vestibular nucleus.
ASL-PWI data were reviewed to correlate abnormalities in
the corresponding areas. For quantitative analysis of CBF
(CBFiggion), a region of interest (ROI) was manually placed at
the hottest appearing part in the areas of abnormal ASL-PWI. A
CBF within the region was recorded for the analysis. For nor-
malized CBF, a reference ROI (15 mm x 15 mm % 5 mm) was
placed in the frontal subcortical white matter and calculated as
CBFromalized = CBFiesion/ CBF white matier [7]-

Results

Among the 10 included patients (male, 6; mean age,
57.7 years), the majority (n = 7) had poor oral intake
due to systemic conditions such as advanced cancers or
gastrointestinal problems, and the remaining three were
chronic alcoholics (Table 1).
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Brain imaging was performed in the acute phase (median 0
days after symptom onset, interquartile range 0—1) and exhib-
ited symmetric high signal intensity lesions in the medial thal-
amus, MB, hypothalamus, fornix, tectum, inferior colliculus,
or medial vestibular nuclei on FLAIR or DWI (Table 1). Five
patients had abnormalities in the hypothalamus and tectum,
and four patients exhibited an abnormality in the medial thal-
amus. Five patients underwent contrast-enhanced T1WI and
showed abnormality in the area of on FLAIR or DWI.
Interestingly, all lesions on FLAIR, DWI, or T1-contrast im-
aging were identified as hyperintensity on ASL-PWI (sensi-
tivity 100%) (Fig. 1, Supplemental Table 1). The average
measured CBF using ASL-PWI was different among the af-
fected anatomical structures (from 70.3 mL/100 g/min in the
medial thalamus to 190.0 mL/100 g/min in the hypothala-
mus). Indeed, CBF, oimalized ranged from 2.5 (fornix) to 5.5
(tectum and medial vestibular nuclei) compared with frontal
subcortical white matter (Supplemental Table 1).

Discussion

This study demonstrated that focal hyperintensity on ASL-PWI
is obvious in the lesions on FLAIR, DWI, or contrast-enhanced
T1WTI in the acute symptomatic phase of WE. Moreover, CBF
in the lesions was elevated by a factor of 2.5 to 5.5 compared
with that of frontal subcortical white matter.

Previous studies have reported that cortical CBF was glob-
ally decreased, accompanied by a reduction in glucose and
oxygen metabolism in patients with WE [4]. However, in
those studies, CBF imaging was performed using positron
emission tomography, xenon computed tomography (CT), or
single-photon emission tomography, which has limitations in
spatial resolution. Therefore, it is not clear whether a similar
CBF change is expected in the small deep structures such as
the MB or medial thalamus, which are known for pathogno-
monic lesions in WE. Moreover, the majority of subjects in
those studies were chronic alcoholics, who may have de-
creased metabolism and hypoperfusion in the cerebral cortex.
Therefore, it remains elusive whether CBF reduction is mech-
anistically related to WE, or simply a reflection of low metab-
olism in chronic alcoholism.

With recent advances in non-invasive imaging, ASL-PWI
enables the identification of perturbed CBF in various clinical
situations. In our study, all patients exhibited dramatic
hyperintensity on ASL-PWI in vulnerable areas related to
WE, including the medial thalamus, hypothalamus, tectum,
or MB with 100% sensitivity. There are a few hypotheses on
the mechanism of focal hyperemia in WE. In the acute phase
of WE, an increase in lactate production by neurons and as-
trocytes was identified, which leads to endothelial dysfunction
and increased production of nitric oxide [8], and may result in
increased vascular permeability, vasodilation, and hyperemia
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Table 1 Comorbidities and imaging characteristics of the patients

Age Sex Comorbidity Brain imaging
Casel 65 F GB cancer. Duodenal obstruction, poor oral intake Medial thalamus, hypothalamus, fornix, tectum,

and mVN on DWI, FLAIR, and ASL

Case2 73 M  Bladder cancer, CDAD, poor oral intake MB, RN, tectum, and mVN on FLAIR, T1 (+), and ASL
Case3 64 F Cervix cancer, poor oral intake due to ileus Medial thalamus on FLAIR, T1 (+), ASL, and subtle on DWI
Case4 64 M  Tonsillar cancer, poor oral intake Medial thalamus, hypothalamus, and tectum on FLAIR, T1 (+), and ASL
Case5 59 M  AGC, DM, chronic alcoholic MB and medial thalamus on FLAIR, T1 (+), and ASL
Case6 55 M Chronic alcoholic, recurrent N/V Tectum on FLAIR, T1 (+), and ASL
Case7 69 F AVR in WFR, Af, CDAD, poor oral intake Medial thalamus, tectum, and mVN on FLAIR and ASL
Case8 74 M  Chronic alcoholic Medial thalamus on DWI and ASL
Case9 21 M Fever, malnutrition, poor oral intake Medial thalamus, hypothalamus, and tectum on FLAIR and ASL
Case 10 33 F Hyperemesis gravidarum, left BG ICH Tectum, hypothalamus on DWI and ASL

GB gall bladder, m VN medial vestibular nucleus, DWI diffusion-weighted imaging, FLAIR fluid-attenuated inversion recovery, ASL arterial spin labeling,
CDAD C. difficile—associated diarrhea, MB mammillary body, RN red nucleus, AGC advanced gastric cancer, DM diabetes mellitus, AVR aortic valve
replacement, Af atrial fibrillation, BG basal ganglia, /CH intracerebral hemorrhage

[9]. Therefore, hyperperfusion or hyperemia may exist in the
acute phase of WE. Consistent with this, one study reported
the focal hyperemia using CT perfusion in a patient with WE
who presented with acute onset confusion, dysarthria, and
facial palsy [10]. In addition, an animal study using thiamine
deficiency reported that focal hyperemia was evident and
slowly improved over several weeks after symptom develop-
ment [5]. Taken together, increased CBF is mechanistically
relevant in the pathogenesis of WE, especially in the acute
phase. When necrosis occurs in the chronic phase, focal hy-
peremia may disappear. This may partly explain the previous
results of decreased CBF in WE because CBF was measured
in the subacute phase.

There are several limitations in this study. First, ASL-PWI
scans were not performed on the same MR scanner, which
could have led to high individual variations of CBF.
However, we tried to normalize CBF using reference CBF
from the frontal white matter. Second, the lesions on ASL-
PWI were usually small as shown in the figure, and small
ROIs usually have poor signal to nose ratio. However, we
manually drew ROIs on the hottest area on ASL imaging,
and the hyperintensity on ASL imaging suggests that those
values were true rather than artifact originated from small
ROL. Third, we set post labeling delay (PLD) at 1.525 s re-
gardless of age and sex, which is relatively short for elderly
patients [6]. However, relatively short PLD is associated with

Fig. 1 Representative figure of the patients. Pathognomonic
hyperintensity lesions were observed in the mammillary body and red
nucleus (a and b, arrows, case 1); medial thalamus and fornix (¢ and d,

arrows, case 2); tectal plate (e and f, arrows, case 7) and mammillary body
(g and h, arrows, case 5). a, ¢, e, and f were fluid-attenuated inversion
recovery imaging; b, d, f, and g were arterial spin labeling imaging
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underestimation of CBF. Therefore, we do not think that PLD
value was the main factor for elevated CBF in WE.

Conclusion

In conclusion, focal hyperintensity in the vulnerable area on
ASL imaging is a mechanistically relevant finding in WE, es-
pecially in acute symptomatic phase. Identifying hyperintensity
using ASL-PWI may be used as a sensitive diagnostic protocol
in WE. Large-scale prospective studies are needed for
validation.
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