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Abstract
Purpose Clinical diagnosis of Wernicke encephalopathy (WE) can be challenging due to incomplete presentation of the
classical triad. The aim was to provide an update on the relevance of standard MRI and to put typical and atypical imaging
findings into context with clinical features.
Methods In this two-center retrospective observational study, the local radiology information system was searched for
consecutive patients with clinical or imaging suspicion of WE. Two independent raters evaluated T2-weighted imaging
(WI), fluid-attenuation inversion recovery (FLAIR), diffusion WI (DWI), T2*WI and/or susceptibility WI (SWI), and
contrast-enhanced (CE)-T1WI, and noted the involvement of typical (i.e., mammillary bodies (MB), periaqueductal grey
(PAG), thalamus, hypothalamus, tectal plate) and atypical (all others) lesion sites. Unusual signal patterns like hemorrhages
were also documented. Reported clinical features together with the diagnostic criteria of the latest guidelines of the European
Federation of Neurological Societies (EFNS) were used to test for relationships with MRI biomarkers.
Results 47 patients with clinically confirmed WE were included (Jan ’99–Apr ’23; mean age, 53 yrs; 70% males).
Interrater reliability for imaging findings was substantial (κ= 0.71), with lowest agreements for T2WI (κ= 0.85) compared
to all other sequences and for PAG (κ= 0.65) compared to all other typical regions. In consensus, 77% (n= 36/47) of WE
cases were rated MRI positive, with FLAIR (n= 36/47, 77%) showing the strongest relation (χ2= 47.0; P< 0.001) compared
to all other sequences. Microbleeds in the MB were detected in four out of ten patients who received SWI, not visible
on corresponding T2*WI. Atypical findings were observed in 23% (n= 11/47) of cases, always alongside typical findings,
in both alcoholics (n= 9/44, 21%) and non-alcoholics (n= 2/3, 67%). Isolated involvement of structures, explicitly PAG
(n= 4/36; 11%) or MB (n= 1/36; 3%), was present but observed less frequently than combined lesions (n= 31/36; 86%).
A cut-off width of 2.5mm for the PAG on 2D axial FLAIR was established between cases and age- and sex-matched
controls. An independent association was demonstrated only between short-term memory loss and changes in the MB
(OR= 2.2 [95% CI: 1.1-4.5]; P= 0.024). In retrospect, EFNS criteria were positive (≥2 out of 4) in every case, but its count
(range, 2–4) showed no significant (P= 0.427) relationship with signal changes on standard MRI.
Conclusion The proposed sequence protocol (FLAIR, DWI, SWI and T1WI+CE) yielded good detection rates for
neuroradiological findings in WE, with SWI showing microbleeds in the MB with superior detectability. However, false
negative results in about a quarter of cases underline the importance of neurological alertness for the diagnosis. Awareness
of atypical MRI findings should be raised, not only in non-alcoholics. There is limited correlation between clinical signs
and standard MRI biomarkers.
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Abbreviations
CE Contrast-enhanced
EFNS European Federation of Neurological Societies
FLAIR Fluid-attenuated inversion recovery
MB Mammillary bodies
PAG Periaqueductal grey
WE Wernicke encephalopathy
WI Weighted imaging

Introduction

German neurologist Carl Wernicke defined ‘acute superior
hemorrhagic polioencephalitis’ from three cases, although
similar findings were first reported by French ophthalmol-
ogist Alphonse-Charles Gayet [1, 2]. Subsequently, Wer-
nicke encephalopathy (WE) has been recognized as a se-
vere neurological condition that is caused by a deficiency of
thiamine (vitamin B1). The classical clinical triad of acute
WE encompasses oculomotor disturbances, cerebellar dys-
function with prominent ataxia, and altered mental state or
mild cognitive impairment [3]. Most importantly, the di-
agnosis of WE can be very challenging due to incomplete
or variable symptomatology or physician’s unawareness of
them [4]. Untreated WE may lead to Korsakoff psychosis,
an irreversible neurological disorder characterized by severe
anterograde amnesia, or even death may occur [5–7].

Thiamine is crucial for the Krebs and pentose phos-
phate pathways, maintaining cellular integrity [8] primar-
ily in regions like the medial thalamic nuclei, hypotha-
lami, mammillary bodies (MB), midbrain tectum, and pe-
riaqueductal grey (PAG) [9, 10]. Low thiamine levels cor-
relate with diffusion restrictions of water molecules, in-
dicative of early cytotoxic edema and subsequent vaso-
genic changes, including blood-brain barrier leakage [11,
12]. These changes produce symmetric, hyperintense sig-
nals on diffusion-weighted images (DWI) and/or T2WI/
FLAIR, and enhancement on contrast-enhanced(CE)-T1WI
[13–15]. Acute WE can also feature petechial hemorrhages,
evolving into capillary sprouting and atrophy, detectable
with susceptibility WI (SWI) as areas of signal loss [1,
16–19].

Early disease detection and treatment by vitamin B1 sup-
plementation are crucial for the prognosis of potentially re-
versible WE. The implementation of the 2010 EFNS (Eu-
ropean Federation of Neurological Societies) guidelines for
diagnosis, therapy, and prevention of WE has improved its
detection rate to up to 85% based on clinical features [20].
The diagnosis relies on the presence of at least two out of
four clinical parameters, i.e., dietary deficiencies, oculomo-
tor signs, cerebellar dysfunction, and either altered men-
tal state or mild memory impairment [20]. Albeit imaging
findings are not mandatorily required, MRI adds value in

confirming the diagnosis, especially in cases with incom-
plete neurological presentation [13, 21]. It is of note that
standard MRI has a reported low sensitivity of 53% in the
2010 EFNS guidelines. Thus, the absence of lesions does
not exclude WE, but it does exhibit a high specificity of up
to 93% [20, 22]. Moreover, atypical neuroimaging findings
need to be acknowledged [23–30].

The purpose of the present study was to evaluate the
prevalences of typical and atypical neuroradiological find-
ings in patients with WE using standard MRI with continu-
ously reliable scanning protocols and to correlate them with
clinical features.

Materials andMethods

Research Design and Subjects

This retrospective study was conducted at two centers of
the University Hospital Frankfurt of the Goethe University,
Germany, and was approved by the local ethics commit-
tee (2023–1296) with a waiver for informed consent. In
center A and B, the radiology information system (RIS)
was used to search for patients with WE using specific
key words in the clinical information and radiology re-
ports. Only patients aged ≥18 years who had undergone
an MR examination were included. The final cohort was
determined based on clinical and radiological criteria by
reviewing the diagnosis on medical reports from the clinical
information system and the image quality of the institu-
tional MRI, respectively—i.e., patients with other causative
diseases for the underlying symptoms or with images of
low quality (e.g., motion artifacts) were excluded. For
a subgroup analysis (see below), the RIS of center A was
searched for a control cohort without WE, and without any
other neurological or psychiatric precondition or detected
structural changes on brain MRI. These participants were
consecutively enrolled and matched for sex, age, and type
of scanner, the latter to account for scanner-dependent con-
trast variations in the MR images. Baseline characteristics
of all subjects were collected from the local clinical infor-
mation system, and number of positive criteria (range, 0–4)
according to the 2010 EFNS guidelines [20] was noted
a posteriori.

MR Imaging Analysis

Datasets were acquired on five different MR scanners
with a magnetic field strength of 3T (MAGNETOM
Skyra (a) & Verio (b), Siemens Healthineers, Germany) and
1.5T (MAGNETOM Symphony (c) & Aera (d), Siemens
Healthineers, Germany; Achieva dStream (e), Philips, Ne-
therlands). Two experienced neuroradiologists (S.W. and

K
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C.T.A.) analyzed the following sequences, if available:
(1) T2WI, (2) FLAIR, (3) DWI, (4) SWI, (5) T2*WI,
and (6) T1WI before and after the intravenous appli-
cation of a body weight-adapted gadolinium-based con-
trast agent. In ascending order, technical parameters for
these sequences (1–6) on each scanner (a/b/c/d/e) are de-
tailed as follows: (1) slice thickness (ST), 5/5/6/5/5mm,
time of repetition (TR), 4980/4980/4000/4700/5762ms,
time of echo (TE), 92/92/103/111/110ms, flip angle
(FA), 150/150/150/180/90°, matrix (mtx), 336× 448/336×
448/448× 512/224× 256/672× 672; (2) ST, 4/5/6/5/5mm,
TR, 8500/6630/8500/9000/11,000ms, TE, 81/131/125/86/
140ms, FA, 50/130/150/150/90°, mtx, 280× 320/200×
320/268× 320/280× 320/576× 576, time of inversion, 2440/
2140/2500/2440/2800ms; (3) ST, 5/5/5/5/5mm, TR, 3800/
4900/3200/5190/3247ms, TE, 95/88/94/60/75ms, FA,
90/90/90/180/90°, mtx, 384× 384/130× 130/128× 128/
160× 160/256× 256, b-values of 0, 500, and 1,000s/mm2;
(4) ST, 1.5/1.5/–/2/2mm, TR, 27/27/–/49/52ms, TE, 20/20/
–/40/0ms, FA, 15/15/–/15/20°, mtx, 464× 512/192× 256/–/
232× 256/672× 672; (5) ST, 5/5/6/–/5mm, TR, 631/631/
657/–/530ms, TE, 20/20/26/–/14ms, FA, 20/20/20/–/18°,
mtx, 432× 512/432× 512/416× 512/–/320× 320; (6) ST,
5/5/6/5/5mm, TR, 600/662/485/550/664ms, TE, 13/12/14/
9/14ms, FA, 70/70/90/90/67°, mtx, 288× 384/288× 384/
448× 512/320× 320/512× 512. Except for the three-dimen-
sional image acquisition of SWI, all other sequences were
acquired in a two-dimensional way. The field of view for
all the sequences encompassed the entire head.

For each sequence and topographic location, both raters
independently assessed areas with well-defined hyperin-
tensities on T2WI and FLAIR, signal loss on SWI with
blood-equivalent signals on the corresponding phase map
(i.e., hemorrhage, including microbleeds defined as a size
of <5mm diameter), signal loss on T2*WI (i.e., hemor-
rhage, insensitive to smaller microbleeds), hyperintense
signal changes on DWI at a b-value of 1000s/mm2 together
with reduced ADC values on the corresponding map (i.e.,
diffusion restriction) and contrast-enhancement on CE-
T1WI (i.e., disrupted blood-brain barrier). Typical imaging
features of WE were defined as the presence of at least
one pathological symmetric signal change located in the
most commonly described anatomical structures in scien-
tific literature [9, 10, 30], namely the thalami (esp. medial
nuclei), hypothalami, MB, tectal plate (esp. inferior col-
liculus), and PAG. Involvement of atypical regions (i.e., all
except those mentioned above) [11, 12, 21–28], or atypical
presentations (i.e., space-occupying lesions with or with-
out hemorrhage) were additionally documented. In cases
of any discrepancy regarding the ratings of sequences, or
of involvement of typical and atypical regions, decision-
making was performed in a consensus reading.

Furthermore, all available axial FLAIR images of each
participant in the patient and control cohort were scrolled
down to the mid-lower level of the midbrain to measure
the largest width of the hyperintense PAG between the me-
dial border adjacent to the aqueduct and the lateral border.
Measurements were rounded to the nearest millimeter as
appropriate. In addition, the shape of the FLAIR hyper-
intense signal changes around the PAG were classified as
either triangular or circular.

Statistical Analysis

All computations were performed using a structural equa-
tion modeling software (IBM SPSS Statistics, Armonk/NY,
USA, version 29.0). Variables are presented as absolute
frequencies, percentages, and proportions, means with stan-
dard deviations (SD), or medians with first and third quar-
tiles (Q1–Q3), as applicable. The significance level α was
set to 5%, and P-values <0.05 were considered statistically
significant. 95% confidence intervals (CI) of results are re-
ported wherever appropriate. To test for differences or rela-
tionships, either parametric (independent two-sided t-test)
or non-parametric (Fisher’s exact, Pearson’s χ2, Wilcoxon-
Mann-Whitney U test) statistical tests were performed, de-
pending on the data distribution as determined by the Lil-
liefors-corrected Kolmogorov-Smirnov test. Corrections for
the alpha error due to multiple testing were not performed
because of the descriptive nature of the research design. Bi-
nary logistic regression analysis with backward elimination
method (Wald) was used to determine independent relation-
ships between clinical symptoms and imaging findings. The
maximum likelihood estimation method was used to obtain
the most likely mean and standard deviation of the under-
lying normal distribution for the normal width of the PAG.
In this subgroup analysis, MRI datasets from controls (in-
tended for a diagnostic workup within the scope of exclud-
ing brain metastases) were included consecutively for each
scanner type, provided that motion-free, axial 2D FLAIR
was acquired. Interrater agreement was measured using Co-
hen’s κ, with the following grading to assess the strength of
agreement: κ= 0, poor; κ= 0.01–0.20, slight; κ= 0.21–0.40,
fair; κ= 0.41–0.60, moderate; κ= 0.61–0.80, substantial; κ=
0.81–1.00, almost perfect.

Results

Study Participants

The final patient cohort comprised 47 subjects with clini-
cally confirmed WE, with MR examinations conducted be-
tween January 1999 and May 2023. The mean age was
53.0± 9.8 yrs (range, 28–71 yrs), and the group predomi-
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Fig. 1 Flow chart of the study
cohort design. (RIS radiology
information system)

nantly consisted of men (n= 33/47, 70%). History of alcohol
use disorder was a frequent cause for WE (n= 44/47, 94%).
Other causes were hunger strike (n= 1), anorexia nervosa
(n= 1), and gastrectomy due to primary carcinoma (n= 1),
each accounting for 2% of the cases. Figure 1 indicates
a flow chart of the study cohort design.

Imaging Protocols and Interrater Agreements

Out of 47 cases, 36 (77%) were finally rated as MRI posi-
tive. Interrater agreement was substantial (κ= 0.71) for the
final imaging-guided diagnosis of WE. FLAIR und T2WI
were included in all sequence protocols (both n= 47/47,
100%), whereas CE-T1WI (n= 42/47; 89%), DWI (n=
35/47; 75%), T2*WI (n= 27/47; 58%) and SWI (n= 10/47;
21%) were not. Both hemosiderin-sensitive sequences were
acquired in seven of the 47 datasets (15%) during the same
examination. The consensus reading emphasized that dis-
crepancies between raters led to disagreement in five cases
(n= 5/47, 11%) for the final diagnosis of WE. The low-
est agreements were detected for the presence/absence of
signal changes in T2WI (κ= 0.85) compared to all other
sequences, and for signal changes in the PAG (κ= 0.65)
compared to all other typical regions. One case was de-
termined as MRI negative due to a misinterpretation of
contrast enhancement of the tectal plate, and four cases
were diagnosed as MRI positive due to initially undetected
pathological circular widening of FLAIR hyperintense
PAG.

Typical Neuroimaging Findings

In decreasing order, involvement of typical locations was as
follows: medial thalamic nuclei, n= 24/47 (51%); PAG, n=
22/47 (47%); MB, n= 16/47 (34%); tectal plate, n= 13/47
(28%); and hypothalamus, n= 7/47 (15%) (see Table 1).
In all these areas with positive diagnoses, the hyperinten-
sities detected on FLAIR images (n= 36/47, 77%) were
stronger associated with MRI positive cases (χ2= 47.0; P<
0.001) than those on T2WI (n= 17/47; 36%; χ2= 8.1; P=
0.004), indicating that FLAIR images were crucial for diag-

Table 1 Summary of typical and atypical lesion sites with signal
changes identified in a cohort of 47 patients with WE

Lesion sites Numbers (%)

Typical

Total 36 (77)

Medial thalamic nuclei 24 (51)

Periaqueductal grey 22 (47)

Mammillary bodies 16 (34)

Tectal plate 13 (28)

Hypothalamus 7 (15)

Atypical

Total 11 (23)

Fornices 4 (9)

Cerebellar Peduncles 2 (4)

Cerebral Cortices 1 (2)

Internal Capsules 1 (2)

Optic Pathway 1 (2)

Mammillo-tegmental/habenulo-interpedunclar
tract

1 (2)

Brainstem/cranial nerve nuclei 1 (2)
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Fig. 2 Characteristic brainstem and thalamic involvement in a 56-year-old female alcoholic with Wernicke encephalopathy. Hyperintense signal
changes of the pontine tegmentum (a,b; arrow), the superior cerebellar peduncle (b, arrow), the quadrigeminal plate and the periaqueductal grey
matter (c,d; arrow), paramedian thalamic nuclei (e, arrow), hypothalamus (e) and pulvinar of the thalamus (f, arrow); a–f axial fluid-attenuated
inversion recovery

nosing WE. Concomitant contrast enhancement (n= 18/47,
38%), diffusion restriction (n= 12/47, 26%), or presence
of hemosiderin (n= 7/47, 15%) were also observed. Fig-
ures 2, 3, 4 and 5 depict four instructive cases with pre-
dominantly typical neuroimaging findings. Of the seven pa-
tients with signal loss on hemosiderin-sensitive sequences,
four demonstrated microbleeds in the MB on SWI, as op-
posed to simultaneously acquired T2*WI (see Fig. 5). Iso-
lated anatomical involvement was present only in PAG (n=
4/36, 11%) or MB (n= 1/36; 3%), but was less frequently
observed (χ2= 47.0; P< 0.001) than combined lesions (n=
31/36; 86%).

Atypical Neuroimaging Findings

Atypical findings were observed in 23% of cases (n=
11/47), showing symmetric signal changes in the following
locations: fornix, n= 4/47 (9%), cerebellar peduncle, n=
2/47 (4%), cerebral cortex, n= 1/47 (2%); internal capsule,
n= 1/47 (2%); visual pathway, n= 1/47 (2%); junction area
of the mammillo-tegmental and habenulo-interpeduncular
tract, n= 1/47 (2%) and the brainstem/cranial nerve nuclei,
n= 1/47 (2%) (see Table 1). Two out of three (67%) non-
alcoholic and four out of 44 (9%) alcoholic patients with

WE showed an involvement of atypical lesion sites (Figs. 6,
7 and 8).

While almost all these findings were present on FLAIR
images, one case involving the fornix showed clear sig-
nal alterations only on DWI. All these changes were only
present in addition to the involvement of typical brain ar-
eas. Three patients (n= 3/47, 6%) displayed more exten-
sive hyperintense lesions with a space-occupying pattern
on FLAIR/T2WI and concomitant macrohemorrhages on
T2*WI, either in the thalami (n= 1/47, 2%) and brainstem
(n= 1/47, 2%), or combined in the PAG, tectal plate and tha-
lami with rupture into the ventricles (n= 1/47, 2%) (Figs. 9,
10 and 11).

Matched-Pair Analysis of the Periaqueductal Grey

32 controls (mean age, 52.8± 9.0 yrs; age range, 30–86 yrs;
sex, 72% males) were included in the subgroup analysis
and matched with the patient group (age, P= 0.931; sex,
P= 0.685; scanner-type, P= 1.000). None of these subjects
showed signal changes suggestive of WE, according to both
raters. To determine a normal range of values for the max-
imal width of the PAG on axial FLAIR, an estimated max-
imum likelihood mean with one SD of 1.45± 0.16mm for
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Fig. 3 Hyperintense signal changes of the periaqueductal grey (a,b; arrow) and the inferior colliculus (a,b; white arrowhead) with distinct en-
hancement on contrast-enhanced (CE) T1-weighted images (WI) (c–e; white arrowhead) in a 66-year-old male alcoholic. Hyperintense lesion in
the hypothalamus (b, black arrowhead; axial fluid-attenuated inversion recovery) and contrast enhancement of the mammillary bodies (c, black
arrowhead; axial CE-T1WI)

the underlying normal distribution was obtained, consid-
ering that measurements were rounded to whole numbers
(range, 1–4mm). Consequently, a 95% reference interval of
1.14 to 1.76mm was established for healthy controls, i.e.,
1 to 2mm after rounding the numbers. Consecutively, a cut-
off value of 2.5mm (i.e., rounded up to 3mm) was used for
pathological enlargement of the PAG. As two patients with
visually assessed positive finding of the PAG presented val-
ues for the maximal width of rounded 2mm in the quantita-
tive analysis, both were retrospectively considered as MRI
negative for this area, resulting in a final number of n=
20/47 (43%) cases of PAG involvement. However, these
two patients had additional thalamic lesions suggestive of
WE, thus the final number of MRI positive cases was not
affected. The patterns were triangular in 32% (n= 15/47)
and circular in 11% (n= 5/47) of cases (Fig. 12).

Associations of Clinical and Imaging Features

Table 2 displays the frequencies of neurological symptoms
related to the classical triad, as noted in the medical reports.
All patients, both with and without positive findings on

MRI, ultimately met the 2010 EFNS diagnosis criteria for
WE (n= 47/47, with ≥2/4 criteria met). Additionally, there
was no significant relation (P= 0.427) observed between the
number of positive clinical criteria (0, n= 0/47, 0%; 1, n=
0/47, 0%; 2, n= 2/47; 4.3%; 3, n= 19/47, 40.4%; 4, n=
26/47, 55.3%) and MRI-based diagnosis. Significant corre-
lations between clinical symptoms and region-based imag-
ing findings were found only between short-term memory
loss and changes in the MB (χ2= 7.6; P= 0.010) or fornix
(χ2= 6.2; P= 0.024), and between cognitive impairment and
the PAG (χ2= 7.6; P= 0.010). An independent association
was demonstrated only between short-term memory loss
and changes in the MB (OR= 2.2 [95% CI: 1.1–4.5]; P=
0.024).

Discussion

This two-center, retrospective, observational study empha-
sizes the role of standard MRI besides the clinical workup
in patients with WE, and suggests a sequence protocol to-
gether with an approach to look for typical [12, 13, 21] and
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Fig. 4 Swelling with hyperintense signal changes of the mammillary bodies on T2-weighted images (WI) and fluid-attenuated inversion recovery
images (a,b axial; d, e coronal; arrow) with slight enhancement on axial contrast-enhanced T1WI (c, arrow) in a 63-year-old female non-alcoholic.
Note additional hyperintense signal changes of the hypothalamus (a, b, d, e)

atypical [23–30] neuroradiological findings (Fig. 13). The
results of this study can be summarized as follows. Neuro-
radiological awareness should be raised regarding the high
prevalence of atypical MRI findings [23–30], which include
locations other than the thalami, hypothalami, MB, PAG,
and tectal plate, as well as manifestations such as bleed-
ings with or without perifocal edema, not only present in
non-alcoholics as previously stated [30]. FLAIR, DWI, CE-
T1WI and SWI were the most important sequences, the lat-
ter demonstrating a higher detectability for microbleeds in
the MB compared to T2*WI [17, 19]. Matched-pair analy-
ses revealed that the PAG could be defined as pathologically
enlarged using a minimal cut-off width of rounded up 3mm.
Taken together, neuroradiologists that used dedicated diag-
nostic MRI sequences could yield high positive detection
rates of WE, but false negative results remained a limita-
tion for the diagnosis in approximately a quarter of cases
[21]. Inconsistency of MRI protocols, which is mainly due
to the very large retrospective timeframe of this bicentric

study, and the omission of volumetric analyses introduce
the main limitations that may affect the outcome of the di-
agnostic accuracy and comparability of the results. From
a clinical point of view, all patients met retrospectively the
2010 EFNS criteria [20], but the number of positive cri-
teria did not correlate with the extent of neuroradiological
signatures. Whilst only short-term memory loss showed an
independent association with the radiographic affection of
the MB, all other clinical signs and standard MRI biomark-
ers did not.

The discovery of vitamins is partly credited to Dutch
physician Christiaan Eijkman, who identified the first dis-
ease from the group of avitaminoses. He noted that chick-
ens developed neurological disorders when fed solely on
polished rice, which lacks the thiamine-rich outer layer
[31]. The state of a severe lack of thiamine is known as
beriberi, which can be classified into a wet form affecting
the cardiovascular system and a dry form impacting the
nervous system. WE and Korsakoff psychosis, manifesta-
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Fig. 5 Symmetrical signal loss in the mammillary bodies (MB) due to microhemorrhages (b, arrow; axial susceptibilit- weighted imaging (SWI))
with phase shifting, indicating paramagnetic effects of iron (c, arrow; SWI-phase map), not visible on T2*WI (a, arrow). Axial T2WI (d, arrow)
and fluid-attenuated inversion recovery images (e, arrow) showing inhomogeneous hyperintense signal changes of the MB with slight enhancement
on axial contrast-enhanced T1WI (f, arrow) in this 53-year-old male alcoholic

Fig. 6 Circumscribed possible involvement of the junction area of the mammillo-tegmental and the habenulo-interpeduncular tract (directly above
the red nucleus) in a 28-year-old male non-alcoholic on a hunger strike (a, arrow; coronal fluid-attenuated inversion recovery images). Follow-up
MRI 22 days later (b) disclosed progressive punctuate hyperintense signal changes (arrow) despite vitamin B1 substitution; c incomplete lesion
regression (arrow) on day 101 after resumed food intake in the meantime

tions of dry beriberi, are predominantly caused by a chronic
abuse of alcohol, which provides high calories but low nu-
trients. However, they can also occur in association with
anorexia nervosa, hyperemesis gravidarum, hunger strike,

bariatric surgery, and inflammatory or malignant diseases
of the gastrointestinal tract [13, 14, 21, 32–34]. This obser-
vation is corroborated by the current study, where hunger
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Fig. 7 Involvement of the frontal and precentral cortical grey matter with hyperintense signal conversion on axial fluid-attenuated inversion re-
covery images (a, arrow); b, c diffusion-weighted imaging, b= 1000s/mm2 (b) with normal apparent diffusion coefficient (ADC) value on ADC
maps (c, arrow) in a 49-year-old female alcoholic

Fig. 8 Involvement of both
fornices with hyperintense sig-
nal changes (a, arrow; axial
fluid-attenuated inversion re-
covery; arrowhead: choroid
plexus) with distinct enhance-
ment on contrast-enhanced T1-
weighted images (WI) (b before,
c after administration of con-
trast agent, arrow; arrowhead:
choroid plexus) in a 53-year-
old male non-alcoholic; d, e dif-
fusion-WI disclosing restricted
diffusion (d b= 1000s/mm2;
e apparent diffusion coefficient
map; mean (SD): 0.61 (0.16)×
10–3mm2/s, black and white ar-
row. Control subject: mean (SD)
0.76 (0.11)× 10–3mm2/s)
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Fig. 9 Distinct hemorrhages in the paramedian thalamic nuclei (e, arrow), the periaqueductal grey and the quadrigeminal plate (f, arrow), the
mammillary bodies (f, arrowhead) and the pontine tegmentum (g,h, arrow) with inhomogeneous signal loss on susceptibility-weighted imaging
(SWI) in a 61-year-old male alcoholic. a–d corresponding hyperintense lesions on axial fluid-attenuated inversion recovery images (arrow); k sag.
T2WI (arrow). Enhancement of the inferior colliculus on contrast-enhanced T1WI (j, l, arrowhead) and partially hyperintense lesions on T1WI (i, l,
arrow). Note additional intraventricular clots

strike, anorexia nervosa and gastrectomy were rare (6%)
but present factors alongside alcoholism (94%) [32–34].

Diagnostic imaging most commonly revealed signal
changes in regions near the third ventricle and the cerebral
aqueduct, i.e., involved the medial thalamic nuclei, hy-
pothalami, MB, midbrain tectum, and PAG [13, 14, 21, 22].
Multiple imaging studies and case reports have described
the following atypical lesion sites: cerebral cortices [26,
35], striate nuclei [23, 26, 28, 36–38], internal capsules [38,
39], amygdalae [29], corpus callosum (splenium, in partic-
ular) [24, 38, 40], optic pathways [39, 41, 42], fornices [29,
43, 44], cerebral peduncles [38], red nuclei [24, 25], sub-
stantia nigra [45], brainstem/cranial nerve nuclei (bulbo-

pontine tegmentum, in particular) [14, 25, 27, 28, 36–38,
45, 46], cerebellar peduncles [47], cerebellar hemispheres
[14, 27, 28, 48, 49], dentate nuclei [14, 24, 25, 28, 45], and
the vermis [44, 49]. Like the results of Zuccoli et al. [30],
who studied the largest number of subjects with WE (n=
56) to date, atypical lesion sites always co-occurred with
typical regions in our study. However, that study reported
these atypical findings only in non-alcoholic patients with
WE. In contrast, approximately 10% of alcoholic patients
in our cohort (n= 4/44) also showed symmetric changes of
signal intensities in more unusual locations (see Table 1)
such as the cerebral cortex, the internal capsule, the visual
pathway, the cerebellar peduncle, and/or the brainstem/
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Fig. 10 Hemorrhagic transformation of affected paramedian thalamic nuclei in a 49-year-old female alcoholic with Wernicke encephalopathy.
Inhomogeneous signal changes on axial T2-weighted images (WI) (a, arrow), punctuate signal loss on axial susceptibility-WI (b, arrow) and
patchy enhancement on contrast-enhanced T1WI (c before, d after administration of contrast agent; arrow). Note additional enhancement of the
hypothalamus and the quadrigeminal plate (e, arrows)

cranial nerve nuclei, respectively. In our cohort, only three
patients were non-alcoholics with WE, one of whom did
not reveal any atypical lesion site, while the other two cases
presented involvement of the fornices. Most notably, this
study first-ever described signal changes in the junction
area of the mammillo-tegmental and habenulo-interpedun-
cular tracts, located just above the red nucleus [50], in
a non-alcoholic young man who went on a hunger strike
with consecutive thiamine deficiency. These changes were
incompletely resolved on follow-up scans after intravenous
substitution and resumed food intake (Fig. 4). Although
the hippocampal formations play a central role in the me-
dial limbic (Papez) circuit, crucial for memory storage, no
one so far described MRI signal changes in this location.
One exception was the study of Jordan et al. [51] using

quantitative T2 mapping, which revealed pathological al-
terations in the hippocampus formations and other regions
in thiamine-deficient rats already 40minutes following an
additional glucose injection [51]. It should be emphasized
that imaging techniques analyzing metabolic biomarkers,
such as MRI combined with positron emission tomography
[52, 53] or spectroscopy [54–57], may be more sensitive
for in vivo detection of hippocampal involvement in WE, as
neuronal loss may be not typically predominant in humans
[58].

Parenchymal hemorrhage on T2*WI and SWI, with or
without space-occupying vasogenic edema on T2WI and
FLAIR, was an infrequent finding. Yet it remains unclear
whether its count might have been higher if SWI had also
been implemented in earlier MRI protocols. Besides the
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Fig. 11 a–d Extensive involvement of the optical pathway, internal capsule, brainstem and cerebellar peduncles in a 43-year-old male alcoholic
suffering from acute Wernicke encephalopathy with hyperintense lesions on axial fluid-attenuated inversion recovery images. e–h Follow-up MRI
78 days later disclosed impressive lesion regression after intravenous vitamin B1 substitution, and neurological examination was unremarkable

more commonly described intra-axial hematomas in corti-
cal and periventricular lesion sites found in autopsy studies
[16], petechiae in the MB might be a more exceptional find-
ing [3, 59, 60]. Our study cohort confirmed that petechial
hemorrhage was confined to the MB, while larger collec-
tions of hemosiderin involved the periventricular regions.
SWI was well-suited to detect these microbleeds in the
MB and was clearly superior to simultaneously performed
T2*WI (see Fig. 5) due to technical reasons. This is the first
study to partially evaluate SWI and compare it to T2*WI
in patients with WE. It underscores the practical value of
hemosiderin-sensitive sequences in this cohort, which is not
widely recognized, as it has only been described in a few
case reports [17–19].

Atrophy of the MB was frequently detected in autopsy
studies, especially in chronic forms of WE [61], but could
also be found on MRI scans already within one week of
acute symptom onset [30]. This study did not focus on
a volumetric analysis of the involved brain structures. Semi-
automated measurements of MB volumes using high-reso-
lution T1WI might be a promising tool to increase the diag-
nostic sensitivity of standard MRI in patients suffering from
WE, although they may not be very specific as even mild
cognitive impairment has already shown significant differ-

ences compared to controls [62]. Other anatomical regions
like the hippocampus formations, thalamus, pons, inferior
colliculus, and cerebellum were also shown to be reduced
in volumes in this patient cohort [30, 63, 64]. Park et al.
demonstrated that alcoholics exhibited more pronounced
atrophy of the superior vermis and MB, as well as enlarge-
ment of the third ventricle, compared to non-alcoholics [71].

In general, clinicians must be alert for WE due to the risk
of permanent brain damage, such as the conversion into
Korsakoff psychosis, or even death in cases where treat-
ment with vitamin B1 was failed or delayed [65]. Recently,
Silva et al. [66] indicated that the odds of having typical
T2/FLAIR hyperintense changes decreased with increased
doses of thiamine and earlier timing of supplementation.
Therefore, when WE is suspected, thiamine should be im-
mediately administered, preferably intravenously and be-
fore any carbohydrates [20]. Indeed, one of our patients
experienced life-threatening bleeding induced by the in-
travenous administration of glucose prior to vitamin B1
(Fig. 9). Additionally, imaging studies showed that (1) the
combined presence of cortical lesions and coma was as-
sociated with a poor prognosis [67], (2) signal changes in
the medial thalamic nuclei on T2WI and in the MB on
CE-T1WI were often related to irreversible amnesia [13,
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Fig. 12 Normal and pathologi-
cal periaqueductal grey appear-
ance on axial fluid-attenuated in-
version recovery images. a nor-
mal appearance on mid-lower
level of the midbrain (b, MRI
scout with corresponding inter-
section line) in a 47-year-old
male healthy control, c,d patho-
logical circular (c, arrow) and
pathological wedge-shaped hy-
perintense signal changes of
PAG (d, arrow) in a 46-year-old
male alcoholic and a 64-year-
old male alcoholic suffering
from Wernicke encephalopathy,
respectively

21, 30], and (3) case reports suggested a worse disease out-
come when intra-axial hemorrhage was present [37, 68–70].
Lastly, it remains probable that the presence of MRI signal
changes reflects the acute onset or an exacerbation of WE,
such as cell swelling, demyelination, necrosis, vascular pro-
liferation, disruption of the blood-brain barrier, and hemor-
rhage [15, 63, 71–73]. However, it remains unclear whether
a certain imaging signature, like the onset of microbleeds
or volume loss, might correctly classify the disease into

Table 2 Clinical features of 47 patients with diagnosed WE

Symptom Numbers (%)

Oculomotor deficits 36 (77)

Abduction deficits 13 (28)

Gaze paresis 13 (28)

Nystagmus 31 (66)

Cognitive impairment/neuropsychological distur-
bances

40 (85)

Vigilance reduction 11 (23)

Orientation disturbances 25 (53)

Memory (short-term) deficits 19 (40)

Executive dysfunction (deceleration) 8 (17)

Cerebellar dysfunction 40 (85)

Ataxia 40 (85)

reversible or irreversible stages. Prospective analyses are
lacking due to the many challenges present in this cohort.

Autopsy studies have revealed a range from 0.4 to 2.8%
of prevalence for WE in the population, strongly suggest-
ing that its diagnosis is greatly underreported [60, 74]. One
probable reason might be the fact that only 16 to 33% of
subjects present the classical triad of clinical symptoms [3].
Clinicians often face a diagnostic challenge due to the vari-
able expression and broad range of neurological manifesta-
tions in a patient cohort that can be difficult to examine clin-
ically, especially during episodes of more excessive alco-
hol consumption. The notably higher frequency of clinical
signs in our cohort (oculomotor deficits, 77%; cognitive im-
pairment/altered mental state, 85%; cerebellar dysfunction,
85%) might be attributed to the retrospective design of this
study, which allowed local clinicians, particularly non-neu-
rologists, to reevaluate differential diagnoses after image-
guided suspicion of WE. Most interestingly, independent
associations between imaging and clinical features could
only be made for the presence of changes in the MB and
memory impairment in our cohort, but not, as expected, for
changes in/around the PAG and the tectal plate with oculo-
motor deficits, or in cerebellar regions with ataxia. Eventu-
ally, all subjects retrospectively met the 2010 EFNS criteria
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Fig. 13 Summary of clinical signs in Wernicke encephalopathy (WE) according to the latest European Federation of Neurological Societies
(EFNS) guidelines and characteristic oculomotor abnormalities, i.e., bilateral abduction deficits. Proposed MRI sequences in WE disclosing sig-
nal changes in typical locations (medial thalamic nucleus, hypothalamus, mammillary body, periaqueductal grey and inferior colliculus of the
quadrigeminal plate; marked in orange) and atypical locations (pre- and postcentral gyrus, basal ganglia, internal capsule, optic tract, fornix,
amygdala, corpus callosum, red nucleus, substantia nigra, cerebral peduncle, cranial nerve nuclei, cerebellar peduncle, vermis, dentate nucleus,
and cerebellar hemisphere; marked in blue). FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; pc, post-contrast; SE,
spin echo; SWI, susceptibility-WI

[20]. However, it must be noted that this approach, which
is based solely on the presence of a syndromic level, might
trade lower specificity for very high sensitivity (e.g., dietary
deficits in all chronic alcoholics). Furthermore, our study
revealed no clear correlation between the number of posi-
tive EFNS criteria and the presence of imaging biomarkers.
Excluding the rather unspecific measure of an inadequate
supply of essential nutrients, two cases with only signs of
cognitive impairment showed clear signal changes on MRI.
To date, MRI is recommended to (only) support the diag-
nosis of WE in both alcoholics and non-alcoholics because
it cannot be used to exclude the disease due to its reported
rather low sensitivity of 53% [20, 22]. Our study revealed
higher rates of positive imaging findings on standard MRI
(77%), comparable to the results in studies by Zuccoli et al.
(85 and 80%) [14, 30]. This could be explained not only
by the analyses being performed by more experienced neu-
roradiologists, but also by the MRI protocols used in both
radiology centers. Moreover, we are the first to describe an
approach to manually measure the width of the PAG and
set a reference range.

Besides increasing the diagnostic certainty by using the
T2 shine-through phenomenon in b= 1000 DWI images or

true diffusion restriction in ADC maps, another option to
improve detection of hyperintense signal changes might be
the implementation of a 3D T2WI and/or 3D FLAIR se-
quence in standard MRI protocols. However, attention must
be paid to its pitfalls, especially in the more commonly in-
volved infratentorial and deep grey matter structures. To
overcome these technical hurdles, so-called FLAIR3 im-
ages, which can be reconstructed by combining both 3D
FLAIR and 3D T2WI, might also enhance the depiction
of hyperintense lesions [75]. Flow artifacts related to the
cerebrospinal fluid (CSF) in the aqueduct could be a prob-
able reason for the missing suppression of CSF, leading to
surrounding small hyperintense signal changes (i.e., in the
PAG) in 2D compared to 3D FLAIR images [76]. To ac-
count for this, we defined a cut-off value of 2.5mm width
for these hyperintense changes. In our patient cohort, 47%
of cases showed 3–4mm wide FLAIR-hyperintensities in
the PAG, making it the second most involved location.
Moreover, four patients were rated positive for WE only
because these signal changes were detected in the PAG, un-
derlining the importance of analyzing this region in MRI.
Whereas in patients with relapsing-remitting multiple scle-
rosis and clinically isolated syndrome, round-shaped lesions

K



Standard MRI in Wernicke Encephalopathy

were more predominant than wedge-shaped ones (65 vs.
42%) [77], this study showed lower and opposite frequen-
cies of involvement (11 vs. 32%), the latter possibly due to
by the expansion to the neighboring tectum mesencephali.
For the use of 3D gradient-echo T1WI, some relevant pit-
falls may lead to a higher number of false positive results.
Therefore, we recommend using 2D spin-echo CE-T1WI
and comparing it with the native sequence. Generally, con-
trast enhancement in WE is predominantly observed in the
MB and thalamus [30].

Finally, the aforementioned imaging findings are not
specific for WE. Radiologists should consider several other
conditions such as infarctions in the territory of the pos-
terior thalamus-perforating arteries (artery of Percheron,
in particular) [78], venous congestion from deep cerebral
vein thrombosis or acute severe intracranial hypotension
[79–81], infections and parainfectious acute disseminated
encephalomyelitis [82–84], autoimmune diseases [77,
85–87], Creutzfeldt-Jakob disease and its variants [88],
neoplasms [89–91] and metronidazole toxicity [92].
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