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in the typical and atypical sites. Four patients had
areas showing contrast-enhancement in the typical and
atypical sites. Follow-up MR imaging within 6 mo after
therapy (intravenous administration of thiamine) was
performed in 4 patients, and demonstrated a complete
resolution of all the signal intensities abnormalities
previously seen in all patients.

CONCLUSION

MR imaging is valuable in the diagnosis of Wernicke’s
encephalopathy particularly in patients presenting with
atypical clinical symptoms, or with no history of alcohol
abuse.

Key words: Brain; Magnetic resonance imaging; Neuro-
degenerative disorder; Wernicke's encephalopathy

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: The purpose of this study was to describe the
typical and atypical magnetic resonance (MR) imaging
findings of alcoholic and nonalcoholic Wernicke's
encephalopathy. Bilateral increased T2-weighted and
fluid attenuation inversion recovery MR signal intensity
in the typical areas were seen in all patients. Signal-
intensity alterations in atypical sites were seen only in
nonalcoholic patients. This study demonstrated that
MR imaging was useful in supporting the diagnosis of
Wernicke's encephalopathy.
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INTRODUCTION

Wernicke's encephalopathy (WE) is a neurologic disease
caused by thiamine (vitamin B1) deficiency"™. Thiamine
is involved in sustainment of the osmotic gradients of
cell membranes and in the maintenance of membrane
integrity. A thiamine deficiency could lead intra and
extra cellular edema, as due to an inability of cell mem-
branes to maintain osmotic gradient.

Thiamine deficiency is a consequence of inadequate
dietary intake and of impaired absorption of the vitamin.
Alcohol abuse is the most common cause of WE, other
causes could be gastrointestinal surgery, hyperemesis
gravidarum, anorexia nervosa and protracted parenteral
therapy. Usually nonalcoholic WE is more difficult to
diagnose. In previous study only 20% or less of patients
with nonalcoholic WE were diagnosed premortem!™.

However, in industrialized countries, 90% of the
cases of thiamine deficiency are associated with alcohol
abuse™. Alcohol chronic abuse can cause a thiamine

Baishidenge ~ WIR | www.wjgnet.com

73

deficiency directly and indirectly with inadequate
dietary intake, impaired intestinal absorption and poor
intracellular use of thiamine.

The typical clinical presentation of WE is charac-
terized by a triad of symptoms: Ocular manifesta-
tions (like nystagmus, bilateral lateral rectus palsies,
ophthalmoplegia and conjugate gaze palsies), ataxia
and global confusion. In the clinical practice, this typical
triad occurs in only 13%-18% of all patients with WE™".,

The prognosis of WE patients depends on prompt
and early intravenous administration of thiamine
supplementation®®. Sometimes WE become irreversible
because the diagnosis is delayed or is misdiagnosed
based on ambiguous symptoms such as dizziness,
weakness, anorexia, and memory disturbance!.
Magnetic resonance (MR) imaging may be valuable for
the diagnosis especially when the clinical diagnosis is
difficult.

In the periventricular regions, there is a high rate
of thiamine-related glucose and oxidative metabolism,
which has been considered the cause of blood-brain
barrier deficiency of these regions in WE™®!,

The typical MR imaging findings in acute WE are
represented by a symmetrical increased T2-weighted
and fluid-attenuated inversion recovery (FLAIR) signal
intensity of periaqueductal area, medial thalami, mam-
millary bodies, tectal plate and periventricular region of
third and fourth ventricles™. In these areas, the main-
tenance of cellular osmotic gradients is considered to be
strictly related to thiamine levels.

The atypical MR imaging findings are represented
by abnormal signal-intensity involving the cerebellum,
the cerebellar vermis, the cranial nerve nuclei, the
red nuclei, the dentate nuclei, the caudate nuclei, the
corpus callosum, and the cerebral cortex®™”",

In this article the typical and atypical MRI findings of
alcoholic and nonalcoholic Wernicke’s encephalopathy
are presented and the value of MR imaging in the diagno-
sis and follow-up of the disorder is discussed.

MATERIALS AND METHODS

Patient population

The institutional review board of our institution approved
this retrospective study and written informed consent
was obtained from all patients. All patients were
referenced with the suspect of WE. There were a total
of 7 patients (2 men, 5 women; age 28-75 years;
mean age, 52.3 years) that underwent MR examination
between January 2012 and March 2016 in a single
institution. Four out of 7 patients underwent to MR
imaging follow-up within 2 mo after intravenous admini-
stration of thiamine. Demographic and epidemiologic
data are summarized in Table 1.

Three patients had a history of chronic alcohol
abuse: (1) patient #1 (male, 50 years) was hospitalized
for fatigue, malnutrition, and stupor; clinical examina-
tion showed a bilateral paralysis of the abducens,
lateral nystagmus in both eyes, mental confusion and
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Table 1 Patient population affected by Wernicke’s
encephalopathy

Patient Age (yr) Gender Predisposing causes

1 50 M Alcoholic

2 55 F Alcoholic

3 67 F Alcoholic

4 45 F Parental nutrition

5 75 F Leukemia in chemotherapy treatment
6 28 F Pregnancy

7 53 M Stomach cancer

M: Male; F: Female.

disorientation; (2) patient #2 (female, 55 years) was
hospitalized for loss of consciousness, nystagmus,
bilateral lateral rectus palsies and conjugate gaze
palsies; and (3) patient #3 (female, 67 years) was
admitted with ataxia and global confusion.

The remaining 4 patients hadn’t history of alcohol
abuse: (1) patient #4 (female, of 45 years) was in
parental nutrition from some weeks for acute pan-
creatitis, she showed sudden onset of nystagmus,
disorientation, and ataxia; (2) patient #5 (female,
75 years), affected by leukemia, was treated with
chemotherapy and parenteral nutrition, presented
with vomiting, nausea, hallucinations, behavioral dis-
turbances; (3) patient #6 (female, 28 years), at 32™
weeks of pregnancy, had hyperemesis gravidarum
with neurological disorders; and (4) patient #7 (male,
53 years) had a stomach cancer with pyloric stenosis
demonstrated at gastroscopy and was hospitalized for
walking disorders, nausea, and vomiting.

MR imaging examination

All MR examinations were performed on a 1.5T MR
scanner (Signa Excite, GE Medical Systems, Milwaukee,
United States). MR imaging protocol included axial
and sagittal fast spin-echo (FSE) T2W [5100/110
(TR/TE)] images, axial FLAIR [8000/140/2400 (TR/
TE/TI)] images, along with axial, sagittal, and coronal
non-enhanced and contrast-enhanced (0.1 mmol/Kg
gadobutrol - Gadovist, Bayer, Germany) FSE T1W
[650/15 (TR/TE)] images with a field of view (FOV) of
22 cm, matrix 512 x 512, slice thickness 5 mm, inter-
section gap 1 mm, number of excitations 2. Diffusion-
weighted imaging (DWI) with echo-planar (TR 6500/TE
125) technique was obtained in all patients.

RESULTS

Typical and atypical MRI findings in WE patients are
summarized in Table 2.

In all patients, high signal intensity on T2W and
FLAIR sequences was demonstrated in the periaque-
ductal area and in the tectal plate in association with
signal abnormalities around the mammillary bodies in
1 alcoholic WE (Figure 1) patient and in 2 nonalcoholics
WE patients. Concomitant involvement of the medial
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Table 2 Typical and atypical sites for magnetic resonance

signal abnormalities in alcoholic and nonalcoholic Wernicke’s
encephalopathy patients

Patient Typical site Atypical site
Periaque- Thalami Tectal Floor Mammillary Cerebellar
ductal plate of the bodies vermis and
fourth cerebellar
ventricle hemispheres
1 X' X X X
2 X, r X X X, r
3 X, r X X X T
4 X! X X X r
5 X X X X r
6 X X X X X X r
7 X X X r

!Contrast-enhancement on TIW sequences. X: High signal intensity on
T2W and FLAIR MR sequences; r: Restricted diffusion; FLAIR: Fluid-
attenuated inversion recovery.

thalami was seen in 2 alcoholics WE patients and in 3
nonalcoholics WE patients.

In the 4 nonalcoholics WE patients, in adjunction
to the signal abnormalities in the periaqueductal area
and in the tectal plate, high signal intensity on T2W and
FLAIR images was seen in the cerebellar vermis and in
the cerebellar hemispheres with restricted diffusion in
these areas (Figure 2).

Restricted diffusion was demonstrated in the per-
iaqueductal grey matter and around the mammillary
bodies in 2 alcoholics WE patients in the acute phase of
the disease (Figure 3).

Three alcoholics and 1 nonalcoholic WE patients
presented contrast-enhancement of the periaqueductal
grey matter. One of the 3 alcoholic WE patients pre-
sented a concomitant contrast-enhancement of the
mammillary bodies in the acute phase of the disease
(Figure 4).

MR imaging follow-up, performed within 6 mo after
intravenous administration of thiamine in 4 (2 alcoholic
and 2 nonalcoholics WE) patients, demonstrated disap-
pearance of the signal abnormalities seen on T2-weight-
ed, FLAIR, and diffusion-weighted images (Figure 5)
previously observed concomitant with clinical recovery.

DISCUSSION

Our results confirm that MR imaging can assist the
diagnosis of WE, particularly in patients presenting with
atypical clinical symptoms, or with no history of alcohol
abuse, and in the acute phase of the disease by using
DWI sequences and contrast-enhanced MR imaging.

The pathology of the alterations detected in Werni-
cke’s encephalopathy was not completely under-
stood. Thiamine deficiency could lead an inability in
sustainment of osmotic gradients of cell membranes
and in the maintenance of membrane integrity with
following intra and extra cellular edema.

In the periventricular regions, there is a high rate
of thiamine-related glucose and oxidative metabolism
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Figure 1 Magnetic resonance images in a patient with
alcoholic Wernicke’s encephalopathy. A: Axial T2-weighted
image shows symmetrical high signal intensity lesions in the
medial thalami; B: Axial fluid-attenuated inversion recovery
(FLAIR) image shows symmetrical high signal intensity lesions
in the medial thalami; C: Axial FLAIR image shows symmetrical
high signal intensity lesions in the periaqueductal area; D: Axial
FLAIR image shows symmetrical high signal intensity lesions
around the mammillary bodies.

Figure 2 Magnetic resonance images in a patient with
nonalcoholic Wernicke’s encephalopathy. A: Axial FLAIR
image shows a high signal intensity lesion in the left cerebellar
hemisphere; B: Axial FLAIR image shows a high signal intensity
lesion in the cerebellar vermis; C: Axial DWI shows an high
signal intensity lesion in the left cerebellar hemisphere; D:
Axial DWI shows a high signal intensity lesion in the cerebellar
vermis. FLAIR: Fluid-attenuated inversion recovery; DWI:
Diffusion-weighted imaging.

and it can account as the cause of blood-brain barrier

deficiency of these regions!***?,

Cytotoxic edema is considered the most distinctive
lesion of acute WE, and it is easily shown on DWI
images as it detects changes in the diffusion of water
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However, the presence of high signal intensities on
DWI and decreased apparent diffusion coefficient values
must be carefully evaluated as it could result from T2
shine-through effects™. Signal alterations on DWI most
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Figure 3 Axial diffusion weighted image magnetic resonance images in
a patient with alcoholic Wernicke’s encephalopathy in the acute phase.
A: Diffusion weighted image shows restricted diffusion in the periaqueductal
grey matter; B: Diffusion weighted image shows restricted diffusion around the
mammillary bodies.

Figure 4 Axial T1-weighted magnetic resonance images after contrast
material administration in a patient with alcoholic Wernicke’s encephal-
opathy. A: Enhanced axial T1-weighted image shows contrast-enhancement of
the periaqueductal grey matter; B: Enhanced axial T1-weighted image shows
contrast-enhancement around the mammillary bodies.

Figure 5 Magnetic resonance images in a patient affected by alcoholic Wernicke’s encephalopathy. A-D: MR images before intravenous administration of
thiamine therapy; E-H: MR images after intravenous administration of thiamine therapy. Axial FLAIR images (A,B) and DWI images (C,D) show signal abnormalities in
the periaqueductal area and in the medial thalami. Axial FLAIR (E,F) and DWI (G,H) follow-up MR images, after intravenous administration of thiamine therapy, show
resolution of the signal abnormalities previously observed. MR: Magnetic resonance; FLAIR: Fluid-attenuated inversion recovery; DWI: Diffusion weighted image.

likely represent tissue at risk, similar to the cells in the
ischemic penumbra, related to the cytotoxic edema and
can be reversible!?. In this study restricted diffusion
was seen in 4 nonalcoholics and 2 alcoholics WE
patients. At follow-up MR imaging obtained in 4 patients
within 6 mo after thiamine therapy, resolution of these
alterations was demonstrated confirming that restricted
diffusion can be reversible (Figure 5).

According to previous reportst***?, contrast enhance-
ment was observed more frequently in the mammillary
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bodies in alcoholic patients (Figure 4), suggesting that
mammillary bodies may be particularly susceptible to
the toxic effects of alcohol.

Mammillary bodies enhancement, without mammil-
lary body atrophy, is a finding that was associated with
the acute phase of the disease, thus can allow an earlier
diagnosis and treatment'®?

If not treated or inappropriately treated, Wernicke's
encephalopathy can lead to irreversible brain damage
and, in 20% of cases, to death. Initial improvements in
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acute symptoms can be observed within the first week
after thiamine administration, but usually, one to 3 mo
are needed to resolve'**?,

Our result confirms that MR signal abnormalities in
WE can be reversible if a prompt therapy is established
as demonstrated at follow-up MR imaging in 4 (2 alcoho-
lic and 2 nonalcoholics WE) patients in our series (Figure
5).

The main limitation of this study is that it is a retro-
spective study without predefined criteria for diagnosis,
which may have lead to a selection bias. Specifically,
some patients with WE may not have been identified
due to missed clinical diagnosis, particularly if they had
atypical clinical manifestations and no history of alcohol
abuse.

Despite these limitations, the diagnosis was con-
firmed in all patients as they clinically recovered after
thiamine therapy and in 4 out of 7 patients resolution of
the signal intensities abnormalities previously seen was
demonstrated at follow-up MR imaging.

In conclusion, MR imaging is valuable in supporting
the diagnosis of WE in patients with or without a history
of alcohol abuse, especially in patients without the classic
clinical presentation. Bilateral and symmetric increased
T2-weighted and FLAIR MR signal intensity in the typical
areas (periaqueductal area, medial thalami, mammillary
bodies, tectal plate) are more often seen in alcoholic
WE patients. Signal-intensity alterations in atypical sites
(cerebellum, cranial nerve nuclei, and cerebral cortex)
are found more frequently in nonalcoholic patients. Con-
trast-enhanced MR imaging and DWI MR imaging pro-
vides additional information to help diagnosis, especially
in the acute phase of the disease, and should be included
in the standard MR protocol in patients suspected to
have WE. Knowledge of these MR imaging findings may
be useful in the early diagnosis of WE and in reducing
the complications associated with the disease.

COMMENTS

Background

Wernicke’s encephalopathy (WE) is a serious neurologic disease, with acute
onset, caused by thiamine deficiency. Alcohol abuse is the most common
cause. Typical clinical presentation is characterized by a triad of symptoms:
Ocular manifestations, ataxia and global confusion. However, this triad occurs
in only 13%-18% of patients. Thus, magnetic resonance imaging (MRI) results
are of utmost importance for the diagnosis of WE.

Research frontiers

This study demonstrated that MR imaging can assist the diagnosis of WE,
especially in patients with atypical clinical symptoms, or with no history of
alcohol abuse.

Applications

MR imaging is useful in supporting the diagnosis of WE. Knowledge of MR
imaging findings can help radiologist in the early diagnosis, thus reducing the
risk of complications.

Terminology
Wernicke's encephalopathy: Acute neurologic disease caused by thiamine
(vitamin B1) deficiency.
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Peer-review
Well written article. Nicely summarises brain imaging findings in WE including
typical and atypical cases.
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