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Spectrum of MR Imaging Findings in Wernicke
Encephalopathy: Are Atypical Areas of
Involvement Only Present in Nonalcoholic
Patients?

N.D. Ha
Y.C. Weon
J.C. Jang
B.S. Kang
S.H. Choi

BACKGROUND AND PURPOSE: Although MR imaging is considered the most effective method to
confirm a diagnosis of WE, MR imaging studies designed to distinguish WE between NA and AL
patients have yielded controversial results. The purpose of this study was to determine potential
differences in MR imaging features between AL and NA patients with WE and to compare neurologic
symptoms with MR imaging findings.

MATERIALS AND METHODS: This retrospective study included 24 consecutive patients (male/female,
15:9; mean age, 54 years) diagnosed with WE in a university hospital (AL � 13, NA � 11). Clinical
manifestations and MR imaging findings between AL and NA patients were evaluated. Classic WE
symptom triad and consciousness level and MR imaging findings were scored and compared with
each other. Statistical analyses were performed with �2, Fisher exact, and Spearman tests.

RESULTS: No differences were observed regarding the areas of hyperintense signal intensity on FLAIR
imaging and enhancement of the mammillary bodies between AL and NA patients (P � .05). Frequent
sites of involvement were the medial thalami (86%), dorsal medulla (82%), tectal plate (77%), and the
periaqueductal gray matter (75%). A positive association was found between the consciousness levels
of the patients and the involvement of atypical sites (P � .01). Only 4 of the 24 patients (17%) had all
3 symptoms of the classic WE symptom triad.

CONCLUSIONS: MR imaging features of WE may not be different between AL and NA patients. The
medulla is 1 of the most frequently involved sites, and consciousness level is also associated with
atypical site involvement.

ABBREVIATIONS: AL � alcoholic; NA � nonalcoholic; NIAAA� National Institute on Alcohol Abuse
and Alcoholism; SENSE � sensitivity encoding; WE � Wernicke encephalopathy

WE is a life-threatening emergent neurologic disorder re-
sulting from thiamine (vitamin B1) deficiency, and its

prognosis depends on prompt early diagnosis followed by in-
travenous administration of thiamine.1-3 WE is clinically char-
acterized by mental status changes, ocular symptoms, and mo-
tor problems, such as gait incoordination and ataxia. WE is
commonly associated with prolonged alcohol abuse and is
more readily diagnosed in AL patients, while WE in NA pa-
tients may be prone to misdiagnosis or a delay in diagnosis.2,4-7

Currently, the most effective method to confirm a diagnosis of
WE in both NA and AL patients is MR imaging.

Typical MR imaging of WE usually shows symmetric T2
signal intensity alterations in the medial thalami, mammillary
bodies, tectal plate, and periaqueductal area,8 whereas signal-
intensity alterations in the cerebellum, including the vermis,
cranial nerve nuclei, red nuclei, dentate nuclei, caudate nuclei,
splenium, and cerebral cortex, represent atypical MR imaging
findings.4,6,9-20 Recently, some studies have been able to dif-
ferentiate NA patients from AL patients according to differ-

ences in MR imaging findings. Zuccoli et al8,21 suggested that
AL and NA patients present different MR imaging patterns
due to differences in the pathophysiologic processes. In these
studies, atypical MR imaging findings, such as signal-intensity
alterations of the cerebral cortex and lower cranial nerve nu-
clei, were only observed in NA patients.8,22 In contrast, other
studies have reported several cases of AL patients with WE
who also showed atypical brain MR imaging findings.23,24

These findings suggest that further investigations are required
before the relationship between alcohol and the brain lesions
associated with WE can be understood. In our daily clinical
practice, we have observed atypical brain MR imaging find-
ings, not only in NA patients but also in AL patients who
presented with WE. This retrospective study was performed to
examine any potential differences in MR imaging findings be-
tween AL and NA patients and to compare the neurologic
symptoms, including consciousness levels, with MR imaging
findings.

Materials and Methods

Patients
This retrospective study included 24 consecutive patients (15 men

and 9 women; mean age, 54 years) diagnosed with WE between April

2004 and November 2010 in a university hospital. Diagnosis of WE

was made on the basis of the criteria of Caine et al,24 which require 2

of the following 4 items: dietary deficiencies, ocular symptoms, ataxia,
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and an altered consciousness or memory impairment. We reviewed

the patient medical records, onset date, patient treatment history,

underlying diseases, causes of death, and neurologic symptoms, such

as altered consciousness, ocular symptoms, ataxia, and so forth. A

detailed history of alcohol intake and habits was taken to distinguish

chronic alcoholics on the basis of the diagnostic criteria of the NIAAA.

All patients were of Korean descent. This retrospective study was ap-

proved by the institutional review board of our hospital.

Clinical Assessment
Consciousness scores were determined according to the level of con-

sciousness at presentation based on neurologic examination: 1, alert;

2, drowsy; 3, stupor; 4, semicoma; 5, coma. Symptom scores were

calculated by adding 1 point when the patient had 1 of the symp-

toms of the WE triad: altered consciousness, ocular symptoms, or

ataxia.

MR Imaging Technique
MR imaging was performed on either a 3T system (Intera Achieva;

Philips Healthcare, Best, the Netherlands) or a 1.5T system (Achieva;

Philips Healthcare) by using an 8-channel SENSE head coil or a 16-

channel SENSE Neurovascular Coil (Invivo, Gainesville, Florida).

The standard protocol for WE included T1WI, T2WI, FLAIR, con-

trast-enhanced T1WI, and DWI with ADC maps. The FLAIR image

was obtained with a 352 � 256 matrix (TR/TE/TI/NEX, 11,000 ms/

125 ms/2800 ms/2) at 3T and a 256 � 251 matrix (TR/TE/TI/NEX,

6000 ms/120 ms/2000 ms/2) at 1.5T. The sequence parameters for

T1WI were a 244 � 256 matrix (TR/TE/NEX, 560 ms/15 ms/2 or 1) at

3T and a 256 � 230 matrix (TR/TE/NEX, 450 ms/12 ms/2) at 1.5T.

The sequence parameters for T2WI were a 400 � 320 matrix (TR/TE/

NEX, 3000 ms/80 ms/1) at 3T and a 320 � 320 matrix (TR/TE/NEX,

4000 ms/100 ms/2) at 1.5T. The section thickness of FLAIR, T1WI,

and T2WI was 5 mm with a 2-mm intersection gap for each sequence.

Gadopentetate dimeglumine (Magnevist; Schering, Berlin, Germany)

was administered at a dose of 0.1 mmol/kg of body weight. Axial

FLAIR images were obtained in all patients. Enhanced T1WI (axial

and sagittal) and axial ADC maps were available in 18 and 14 patients,

respectively.

MR Imaging Assessment
Three radiologists—1 neuroradiologist, 1 pediatric radiologist (in-

cluding pediatric neuroradiology), and 1 musculoskeletal radiologist

(10, 8, and 8 years’ experience, respectively)—retrospectively re-

viewed the brain MR images, blinded to the clinical symptoms or the

etiology of WE, and a consensus was reached in conference. MR im-

aging results of WE were considered typical if symmetric hyperintense

signal intensities were observed in the medial thalami, mammillary

bodies, periaqueductal gray matter, periventricular region of the third

and fourth ventricles, and the tectal plate on FLAIR images. MR im-

aging results of WE were considered atypical when signal-intensity

alterations were observed in the cerebellum, cerebral cortex, medulla

oblongata, corpus callosum, cranial nerve nuclei, and basal ganglia on

FLAIR images. Typical and atypical MR imaging findings were com-

pared between AL and NA groups, and imaging scores were calculated

by adding 1 point according to the number of sites involved on the

FLAIR images. Imaging scores were also compared with patient clin-

ical symptoms, including the consciousness score. We also assessed

enhancing lesions on contrast-enhanced T1WI in the AL and NA

groups.

Statistical Analyses
The statistical significance of the association between alcohol abuse

and brain MR imaging findings was calculated with �2 and Fisher

exact tests. The significance of the association between alcohol abuse

and symptom score and between consciousness level (or symptom

score) and brain MR imaging findings was analyzed by the �2 test. The

correlation between consciousness level (or symptom score) and im-

aging score (typical and atypical) was calculated with the Spearman

test. The prevalence of the WE symptom triad between AL and NA

groups was also compared. Independent factors were expressed as

relative risk with a 95% confidence interval. All P values �.05 were

considered to indicate statistical significance. The statistical analyses

were performed by using a software package (Statistical Package for

the Social Sciences, Version 17.0; SPSS, Chicago, Illinois).

Results

Clinical Data
The On-line Table summarizes the clinical data of the 24 pa-
tients included in this study. Eleven of the 24 patients (46%)
with WE fulfilled the diagnostic criteria of alcoholism accord-
ing to the NIAAA. The alcoholic patients consumed an aver-
age of 21% alcohol (approximately 767.7 � 407 mL) per day
over 11 � 6.8 years. The consumed ethanol was mainly in the
form of distilled liquor.

The remaining 13 patients (54%) were NA. The most fre-
quent cause of thiamine deficiency in the NA group was mal-
nutrition secondary to malignancy or another medical condi-
tion (10/13 NA patients). Three of the 13 NA patients had
malnutrition due to anorexia nervosa, poor oral intake due to
diet, and poor oral intake associated with SAH, respectively.

Neurologic Features
The On-line Table describes the neurologic symptoms of
study patients and their calculated symptom and conscious-
ness scores. Eleven of 24 patients showed alterations of con-
sciousness (46%, 4 AL/7 NA). Among these 11 patients, 7 were
drowsy (29%, 3 AL/4 NA), 1 showed stupor (4%,1 NA), 2 were
semicomatose (8%, 1 AL/1 NA), and 1 was in a coma (4%, 1
NA). Seventeen of the 24 patients were evaluated as having a
neurologic deficit. Ten of these 17 patients showed ocular
symptoms, including nystagmus, diplopia, and ophthalmo-
plegia (59%, 7 AL/3 NA), and 9 of the 17 showed ataxia (53%,
6 AL/3 NA). However, ocular symptoms and ataxia did not
differ statistically between AL and NA groups with WE (P �
.362 and .350, respectively). Other reported symptoms in-
cluded vertigo, amnesia, headache, and dizziness.

Neuroradiologic Features
Two of the 24 patients were excluded from MR imaging anal-
ysis due to normal brain MR imaging findings for 1 patient
and the lack of MR imaging for the other patient. The mean
time interval between the onset of symptoms and the first MR
imaging study of 21 patients was 4.5 days with the exception of
1 patient (44 days). The time interval was longer in the NA
group (mean, 4 days) than in the AL group (mean, 2 days).

The Table shows the areas of hyperintense signal intensity
on FLAIR imaging in 22 patients. The sites showing involve-
ment on the FLAIR images were the periaqueductal gray mat-
ter in 21/22 (95%), the medial thalami in 19/22 (86%), the
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periventricular region of the third ventricle in 19/22 (86%),
the dorsal medulla in 18/22 (82%), the tectal plate in 17/22
(77%), the mammillary bodies in 12/22 (55%), the periven-
tricular gray matter of the fourth ventricle in 6/22 (27%), the
cerebral cortex in 5/22 (23%), the ninth cranial nerve nuclei in
5/22 (23%), the cerebellum in 3/22 (14%), the splenium of
corpus callosum in 1/22 (5%), and the basal ganglia in 1/22
(5%). No significant differences between AL and NA patients
were seen in the areas of involvement on FLAIR images (P �
.05). In addition, no significant differences in imaging scores
between AL and NA groups were revealed. Furthermore, alco-
hol abuse had no statistically significant association with sig-
nal-intensity alteration of the cerebral cortex on brain MR
imaging in our study (P � .618). Among the patients with

involvement of the cerebral cortex (AL 3/NA 2), 3 (AL 1/NA 2)
showed asymmetric signal-intensity alterations in the cortical
area of the frontal and parietal lobes (Fig 1). Two other AL
patients also showed asymmetric signal-intensity alterations
in the cortical area of the frontal lobe.

Contrast-enhanced T1WI was performed in 17 of 22 pa-
tients. On contrast-enhanced MR images, no differences in
enhancement sites between the AL and NA groups were
found. Enhancements were present in the tectum in 12/17
(71%, AL 4/NA 8), periaqueductal gray matter in 7/17 (41%,
AL 3/NA 4), medial thalami in 6/17 (35%, AL 3/NA 3), mam-
millary bodies in 6/17 (35%, AL 2/NA 4), periventricular re-
gion of the third ventricle in 5/17 (29%, AL 3/NA 2), dorsal
medulla in 3/17 (18%, AL 1/NA 2), periventricular gray matter

Topographic distribution of the lesiona in AL and NA patients with WE

Patient
Group PeriG T Third Medulla Tectum MB Fourth Cortex CN9 Cbll BG Corpus
AL 9 7 8 6 6 5 4 3 1 1 0 1
NA 12 12 11 12 11 7 2 2 4 2 1 0
Total (%) 21 (95) 19 (86) 19 (86) 18 (82) 17 (77) 12 (55) 6 (27) 5 (23) 5 (23) 3 (14) 1 (5) 1 (5)

Note:—PeriG, periaqueductal gray matter; T, medial thalami; Third, periventricular region of the third ventricle; Medulla, dorsal medulla; Tectum, tectal plate; MB, mamillary bodies; Fourth,
periventricular gray matter of the fourth ventricle; Cortex, cerebral cortex; CN9, ninth cranial nuclei; Cbll, cerebellum, BG, basal ganglia; Corpus, splenium of corpus callosum.
a High-signal-intensity regions on FLAIR imaging.

Fig 1. A 57-year-old man with a history of alcohol abuse presented with altered consciousness, ocular symptoms, and ataxia. A, Contrast-enhanced T1WI shows contrast enhancement
in the cortical area of the frontal and parietal lobes (arrows). B�E, FLAIR axial images. B, Diffuse asymmetric signal-intensity alterations in the cortical area of the frontal and parietal
lobes (arrows). C, Signal-intensity alterations in the medial thalami (arrows). D, Signal-intensity alteration in the periaqueductal gray matter (arrow). E, Signal-intensity alterations of medulla
oblongata (arrows).
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of the fourth ventricle in 2/17 (12%, AL 1/NA 1), cerebral
cortex in 2/17 (12%, 2 AL), and ninth cranial nerve nuclei in
1/17 (6%, NA 1).

Neurologic Symptoms and MR Imaging Features
Symptom scores based on the classic symptom triad of WE
were calculated in 17 of 24 patients (AL 10/NA 7). The symp-
tom scores of patients with WE were not statistically different
between the AL and NA groups (P � .1). The symptom scores
of patients with WE were also not statistically associated with
the calculated imaging score; however, this finding may be due
to the fact that mental status changes in some patients made it
impossible to evaluate the other symptoms, particularly
ataxia. In addition, the consciousness level of the patients was
not always associated with the total extent of the involved sites
(total imaging score) on FLAIR images. The consciousness
level, however, had a positive correlation with involvement of
the atypical areas (atypical imaging score, R � .623, P � .01) of
the brain on MR imaging. Among these, cerebral cortex in-
volvement was significantly associated with consciousness
level (P � .006) and symptom score (P � .007), respectively.

Discussion

Brain MR Imaging Findings of WE in AL and NA
Patients
Our results suggest that MR imaging findings may not differ
between AL and NA patients. The atypical MR imaging find-
ings, including cerebral cortex and cranial nerve nuclei lesions,
were present in the AL group and the NA group in our study.
Contrast enhancement in the mammillary bodies and medial
thalami, a typical finding in the AL group, was also present in
the NA group. Thus, alcohol abuse had no statistically signif-
icant positive association with any involved brain area on MR
imaging in patients with WE in our study. However, previous
studies, such as the one by Zuccoli et al,21who studied 56 pa-
tients with WE, have suggested that brain images of NA pa-
tients with WE may differ from those of AL patients with WE.
These authors reported that signal-intensity alterations in the
areas considered atypical for WE were noted only in the NA
patients and that contrast enhancement of the medial thalami
and mammillary bodies is a typical finding of WE in AL pa-
tients, but not in NA patients.8,22 They further suggested that
because atypical lesions are only present in WE in NA patients,
alcohol may have a protective effect on the brain, and as a
consequence, MR imaging can help distinguish AL from NA
patients with WE.25 Some reports, however, have shown that
atypical MR imaging findings are present in AL patients with
WE.22,23 These reports further showed signal-intensity altera-
tions of the cerebral cortex and amygdala in 2 AL patients. Our
study, in agreement with these latter reports, did not find any
significant association between alcohol abuse and MR imaging
findings in WE. Therefore, we speculated that WE pathophys-
iology and MR imaging findings might not differ between AL
and NA patients because WE is caused by a thiamine defi-
ciency irrelevant to alcohol abuse.

Typical and Atypical MR Imaging Findings of WE
In this study, brain MR imaging findings usually showed sym-
metric signal-intensity alterations in the medial thalami

(86%), periaqueductal gray matter (75%), periventricular re-
gion of the third ventricle (73%), tectal plate (77%), and dor-
sal medulla (82%). These MR imaging results confirm that the
regions most frequently involved in WE are the medial thalami
and the periventricular region of the third ventricle.8 These
areas are considered typical sites involved in WE, and these
findings may be explained by the maintenance of cellular os-
motic gradients that are strictly related to the concentration of
thiamine levels in these areas.26 Although previous studies
have not mentioned it, the dorsal medulla was 1 of the most
frequently involved regions in the present study. The medulla
oblongata contains many cranial nerve nuclei, but these cra-
nial nerve nuclei cannot be distinguished on the FLAIR images
in our study. Therefore, we describe signal-intensity changes
of the dorsal medulla rather than signal-intensity changes of
each lower cranial nerve nuclei. Signal-intensity alterations of
atypical locations, including the cerebral cortex (23%), ninth
cranial nerve nuclei (23%), corpus callosum (5%), basal gan-
glia (5%), and cerebellum (14%), are similar to those in pre-
vious reports.4,6,8-20

Consciousness Status in Atypical WE MR Imaging
Findings
In this study, consciousness scores have a statistically positive
correlation with the atypical sites involved and have signifi-
cant association with the involvement of the cerebral cortex.
These results could indicate that the more severe the con-
sciousness change, the more atypical the MR imaging findings.
Approximately 82% of patients have mental status changes
according to an autopsy-based series.27 These changes largely
result from an involvement of the medial thalami or mammil-
lary bodies and range from a confused state to mental slug-
gishness, apathy, impaired awareness of the immediate situa-
tion, inability to concentrate, and, if left untreated, coma and
death. Fei et al13 reported that the presence of cortical lesions
in association with coma may indicate a poor prognosis as a
consequence of irreversible brain damage. Our 5 patients
(3 AL/2 NA) with cerebral cortex involvement in brain MR
imaging also presented with a poor prognosis. Therefore, we
hypothesize that the severity of symptoms and prognosis may
be related to the involvement of the medial thalami and mam-
millary bodies as well as to atypical sites of involvement, espe-
cially the cerebral cortex in WE.

Classic Symptom Triad of WE
The clinical diagnosis of WE, which has traditionally rested on
the presence of the classic symptom triad (altered conscious-
ness, ocular symptoms, and ataxia), is not always easy because
the classic symptom triad is found in only 16%–38% of all
patients with WE.8,27 Moreover, approximately 19% of pa-
tients have none of the symptoms of the classic triad at presen-
tation with WE.27 In our study, only 4 of 24 patients (17%) had
all 3 of the classic symptoms. Altered consciousness levels were
shown in 11 of 24 patients (46%) and were higher in the NA
group than in the AL group (7/13 and 4/11, respectively). In
contrast, ocular symptoms and ataxia, in patients in whom
these symptoms could be evaluated, were more frequent in the
AL group than in the NA group. Ocular symptoms were pres-
ent in 8/11 AL patients and in 3/8 NA patients, while ataxia was
present in 7/10 AL patients and 3/7 NA patients. These results
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are in agreement with those in a previous report.24 The prev-
alence of ocular symptoms and ataxia, however, did not differ
statistically between AL and NA groups in this study. Because
the WE symptom triad could appear less frequently in the NA
group, this group may present more of a challenge in reaching
an early diagnosis in the clinical setting than the AL group;
these latter patients are usually admitted to the emergency
department with a history of alcoholism. The fact that the time
interval between symptom onset and first the MR imaging
study was longer in the NA group (mean, 4 days) than in the
AL group (mean, 2 days, except for 1 patient with a 44-day
interval) also supports the idea that the NA group is more
difficult to diagnose than the AL group. Thus, MR imaging
could be a powerful tool in supporting the diagnosis of WE in
AL and NA patients and could also help distinguish WE from
other emergent neurologic disorders, especially in patients
with mental status changes.

Limitations
Although the present study provides significant insight into
MR imaging as a diagnostic tool for WE in AL and NA pa-
tients, our study also has certain limitations that should be
considered when interpreting the results. These limitations
include the relatively small number of patients in this study
and its retrospective nature; however, the patients included
were consecutively collected in a university hospital during
more than a 6-year period so that MR images were obtained
from the same units, 1.5T or 3T, by using consistent imaging
protocols. It is possible that WE could be underdiagnosed
clinically, leading to some degree of selection bias. Addition-
ally, an underestimation of the involvement of mammillary
bodies and the floor of the fourth ventricle is possible due to
the relatively thick sections and section intervals in axial im-
ages used in this study. Moreover, it was not possible to obtain
all coronal and sagittal FLAIR images for patients. However,
the symmetric alterations in the mammillary bodies were evi-
dent in 55% of our patients, and this prevalence is not different
from that in previous reports. Additional, more comprehen-
sive studies involving a larger number of patients will be nec-
essary to confirm these results.

Conclusions
MR imaging findings of WE may not differ between AL and
NA patients. Atypical MR imaging findings of WE, including
cerebral cortical lesions and cranial nerve nuclei lesions, were
present in the AL group as well as the NA group. Contrast
enhancement in the mammillary bodies and medial thalami
was also present in both the AL and NA groups. The most
common sites involved in WE were the periaqueductal gray
matter, medial thalami, tectum, and periventricular region of
third ventricle, with the dorsal medulla being 1 of the most
frequently involved sites. Consciousness may be related to in-
volvement of the medial thalami and mammillary bodies as
well as involvement of the atypical sites, including the cerebral
cortex. Although MR imaging cannot differentiate NA from
AL patients, it could still be a helpful tool in supporting the

diagnosis of WE in both the AL and NA groups and could also
help distinguish WE from other emergent neurologic disor-
ders, especially in patients with mental status changes.
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