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Abstract
Objective  Wernicke encephalopathy (WE) is a neuropsychiatric syndrome caused by thiamine deficiency. Despite its low 
sensitivity, brain magnetic resonance imaging (MRI) is the most useful diagnostic technique. Our aim was to investigate 
whether the timing of the imaging study, and thiamine replacement can influence brain MRI findings in these patients.
Methods  Retrospective observational study of hospitalized patients between January/2008 and December/2020 with a clinical 
diagnosis of WE. Data from clinical presentation, diagnostic features, therapeutic approach, and outcomes were collected.
Results  We identified 41 patients (55 ± 13.3 years) with WE. Brain MRI was performed in 36 patients, and one third had 
T2/FLAIR hyperintensities suggestive of WE. We found an association between a history of poor diet and periventricular 
hyperintensities (p = 0.023), especially on the ventral surface of the thalamus and the periaqueductal region. It was found 
that the odds of having a typical imaging of WE decreased by 5.3% for each additional unit (100 mg) of thiamine adminis-
tered (p = 0.046) (95% CI [0.89, 0.99]). On the other hand, the number of days from clinical presentation was not found to 
be a viable predictor (p = 0.254) (95% CI [0.88, 1.03]) Recovery was positively correlated with the total dose of thiamine 
received until discharge (p = 0.020).
Conclusions  MRI hyperintensities seem to be dependent on the timing of thiamine correction and, particularly, on the thia-
mine dosage prescribed at admission. Nevertheless, thiamine replacement should not be delayed, as its timely prescription 
is associated with a better prognosis at discharge.
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Introduction

Wernicke encephalopathy (WE) is a neuropsychiatric syn-
drome caused by thiamine deficiency. Although the diag-
nosis is primarily clinical, the classic triad of symptoms 
(altered mental state, oculomotor abnormalities, and cerebel-
lar dysfunction) is seldom present, which is why most diag-
noses were only made postmortem [1]. Twenty-five years 
ago, Caine et al. tried to improve antemortem identification 
of patients with WE [2], by adding impaired diet intake to 
clinical criteria. Considering this, complementary exams are 

an essential tool to support the diagnosis. Brain magnetic 
resonance imaging (MRI) is useful to identify abnormal 
intensities in locations with clinical correlation: mammil-
lary bodies and thalamus (altered mental state), periaque-
ductal grey matter (oculomotor abnormalities), and the floor 
of the fourth ventricle (cerebellar disfunction). Nevertheless, 
MRI studies have high specificity but low sensitivity [3]. 
Thiamine blood levels should also be measured [3], and, 
in ambiguous cases, transketolase (an enzyme involved in 
the carbohydrate catabolism which requiring thiamine as a 
cofactor) activity can also be determined [4], but this is not 
widely available. Administration of high doses of intrave-
nous thiamine, followed by normal diet, is indicated when-
ever WE is suspected [3].

We hypothesized that MRI sensitivity is influenced by 
the timing of imaging acquisition and thiamine replace-
ment until its completion. Therefore, the aim of this work 
was to review clinical and imaging features of a cohort of 
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patients with clinically diagnosed WE in order to investigate 
whether thiamine posology interferes both with diagnosis 
and outcome.

Methods

Cohort

Clinical records of consecutive patients discharged with a 
diagnosis of WE from a tertiary hospital were retrospec-
tively reviewed from January 2008 to December 2020. Only 
patients with a neurology consultation while in hospital and 
had at least two Caine criteria: (1) dietary deficiencies — a 
body mass index lower than two standard deviation below 
normal or a record of grossly impaired dietary intake (2) 
oculomotor abnormalities — ophthalmoplegia, nystagmus 
or gaze palsy, (3) cerebellar dysfunction — dysmetria, dys-
diadokokinesia or impaired heel-shin testing, or (4) altered 
mental state — disorientation, amnesia, delirium, or coma 
were included. Data from clinical presentation, diagnostic 
features, therapeutic approach, and outcomes was collected.

To search for risk factors, alcoholism was defined as more 
than 280-g alcohol/week for men and 170-g alcohol/week 
for women and impaired diet intake as a history of fasting, 
greatly reduced dietary intake or severe vomiting. Psychiat-
ric disorders were only considered if previously diagnosed 
by a doctor.

MRI data

Imaging data were collected on a clinically approved Mag-
netom Avanto 1.5 T (Siemens, Erlangen, Germany) MRI 
scanner at the Hospital of Braga, using a Siemens 12-chan-
nel receiver-only head coil. Brain MRI scans were reviewed 
by two neuroradiologists who searched for (1) T2-weighted/
fluid attenuation inversion recovery (FLAIR) hyperintensi-
ties on mammillary bodies, fornix, thalamus, hypothalamus, 
periaqueductal grey matter, mesencephalon, cerebellum, and 
cerebral cortex, (2) mammillary bodies atrophy, (3) cerebel-
lar atrophy, and (4) cortical atrophy. They also searched for 
contrast enhanced lesions whenever gadolinium-based con-
trast sequences were performed.

Statistical analysis

Statistical analysis was performed using SPSSv26 (IBM®). 
Normality was verified by the Kolmogorov–Smirnov test. 
Descriptive statistics were performed for clinical character-
ization. Continuous variables presented as means ± stand-
ard deviations or median (interquartile range) in case 
of abnormal distribution. Categorical variables are pre-
sented as absolute (relative) frequencies. Between groups, 

continuous variables were compared with two samples t test 
or Mann–Whitney and categorical variables with Pearson 
chi-square test or Fisher exact test.

Firstly, patients were divided into two groups: alcohol-
ics and non-alcoholics, according to the definition above. 
Both clinical presentation, risk factors, and MRI results were 
compared between groups. Secondly, we searched for statis-
tical differences between patients with typical WE lesions 
on MRI and those without, considering MRI acquisition 
delay, total dose of thiamine prescribed, clinical presenta-
tion, and risk factors. Logistic regression was used to ana-
lyze the relationship between the total dose of thiamine and 
the number of days from clinical onset on the probability of 
having typical WE MRI abnormalities. Kappa statistic was 
used to evaluate inter-observer agreement on MRI lesions. 
Differences were considered significant if two-tailed p value 
was less than 0.05. The data supporting the findings of this 
study are available upon reasonable request.

Results

Clinical presentation

Forty-one admitted patients met at least two Caine criteria 
of WE (41.5% with two criteria, 43.9% with three criteria, 
and 14.6% with four criteria). Ataxia was the most common 
symptom on admission (Table 1). Less than half (39.0%) 
presented the classical triad of WE. There was a median 
delay of 7 [1–15] days between symptoms onset and clini-
cal diagnosis. Most patients (73.2%) were admitted in the 
Neurology department with a median length of stay of 10 
[8–15] days.

Three quarters of patients had a history of alcoholism. 
Of these, six (19.3%) had concomitant painful peripheral 
neuropathy, four (12.9%) had liver steatosis, three (9.7%) 
had alcoholic steatohepatitis two (6%) had confirmed liver 
cirrhosis. In the remainder, either there was no liver disease 
(52%), or there was a lack of information (19.3%). There 
was no difference between groups in age, gender, or clinical 
presentation, except for disorientation which was more com-
mon in alcoholic patients (p = 0.001) and emesis which was 
present in all non-alcoholic patients (p < 0.001).

MRI results

Thirty-six (87.8%) patients underwent brain MRI. Only one 
scan was provided per patient in the acute phase, except in 
two cases. The median average interval between the symp-
tom’s onset and the image acquisition was 10 [6–21] days. 
There was good intra-observer agreement on hyperintensi-
ties identification (κ = 0.68, p < 0.001).

704 Neurological Sciences (2023) 44:703–708



1 3

Twenty-two (53.7%) patients had an abnormal MRI 
(Table 2), and twelve (33%) had typical WE abnormalities 
(example in Fig. 1): T2-weighted/FLAIR hyperintensities 
on mammillary bodies (n = 9), ventral surface of thalamus 

(n = 7), hypothalamus (n = 4), and periaqueductal grey 
matter (n = 7). The remaining patients presented mammil-
lary bodies atrophy, cortical and subcortical atrophy, cer-
ebellar atrophy, or small vessel disease. Periaqueductal 

Table 1   Clinical presentation 
and risk factors of WE patients

Overall (n = 41) Alcoholics (n = 31) Non-alcoholics (n = 10)

Age-mean-year 55.05 ± 13.27 54.39 ± 13.06 57.1 ± 14.41
Male-no. (%) 27 (65.9%) 22 (71.0%) 5 (50%)
Clinical presentation-no. (%)

  Ataxia 36 (87.8%) 27 (87.1%) 9 (90%)
  Ophtalmoparesis 20 (48.8%) 15 (48.4%) 5 (50%)
  Nystagmus 20 (48.8%) 14 (45.2%) 6 (60%)
  Somnolence 10 (24.4%) 7 (22.6%) 3 (30%)
  Disorientation 24 (58.5%) 23 (74.2%) 1 (10%)
  Amnesia 12 (29.3%) 11 (35.5%) 1 (10%)
  Confabulation 14 (19.7%) 13 (41.9%) 1 (10%)
  Seizure 7 (17.1%) 7 (22.6%) 0 (0%)
  Emesis 12 (29.3%) 2 (6.5%) 10 (100%)
  Fever 3 (7.3%) 3 (7.3%) 3 (7.3%)
  Risk factors-no. (%)
  Alcoholism 31 (75.6%)
  Impaired dietary intake 14 (34.1%)
  Gastrointestinal disease 9 (22.0%)
  Fasting (e.g., bowel prepara-

tion for colonoscopy)
5 (12.2%)

  Gastrointestinal surgery 4 (9.8%)
  Psychiatric disease 5 (12.2%)
  Refeeding syndrome 2 (4.9%)
  Active neoplasm 1 (2.4%)

Table 2   Comparison of MRI 
results between alcoholic and 
non-alcoholic patients

Overall (n = 36) Alcoholics (n = 28) Non-
alcoholics 
(n = 8)

T2-weighted/FLAIR hyperintensities
  Mammillary bodies (%) 9 (25.0%) 9 (32.1%) 0 (0%)
  Ventral surface of thalamus (%) 7 (19.4%) 4 (46.4%) 3 (37.5%)
  Hypothalamus (%) 4 (11.1%) 4 (14.3%) 0 (0%)
  Periaqueductal grey matter (%) 7 (19.4%) 3 (10.7%) 4 (50%)
  Central pontine hyperintensity (%) 3 (8.3%) 3 (10.7%) 0 (0%)
  Cerebellum (%) 2 (5.6%) 1 (3.6%) 1 (12.5%)
  Fórnix (%) 1 (2.7%) 1 (3.6%) 0 (0%)
  Globus pallidus (%) 1 (2.7%) 1 (3.6%) 0 (0%)
  Gadolinium enhancement (n = 5) 3 (8.3%) 3 (10.7%) 0 (0%)

Brain atrophy
  Mammillary bodies 10 (27.7%) 10 (35.7%) 0 (0%)
  Cortical and subcortical 9 (25.0%) 9 (32.1%) 0 (0%)
  Cerebellar 2 (5.6%) 2 (7.1%) 0 (0%)
  Small vessel disease 8 (22.2%) 7 (25%) 1 (12.5%)
  T2* paramagnetic deposition in substantia 

nigra, red nucleus and dentate nucleus
1 (3.3%) 1 (3.6%) 1 (12.5%)
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hyperintensities were more common in non-alcoholic 
patients (p = 0.030), and brain atrophy was only present on 
alcoholic patients. There were no other statistical significant 
differences in MRI findings between groups.

A history of poor diet was associated with an abnormal 
MRI (p = 0.023). Both deficient diet, emesis and a history 
of gastrointestinal disease were correlated with hyperin-
tensities on the ventral surface of the thalamus (p = 0.024; 
p = 0.032) and the periaqueductal region (p = 0.026; 
p = 0.004; p = 0.029). Hyperintensities on the mammillary 
bodies were correlated with amnesia and confabulation 
(p = 0.046). It was found that the odds of having a typi-
cal imaging of WE decreased by 5.3% for each additional 
unit (100 mg) of thiamine administered (p = 0.046) (95% CI 
[0.89, 0.99]). On the other hand, the number of days from 
clinical presentation was not found to be a viable predictor 
(p = 0.254) (95% CI [0.88, 1.03]) and was not statistically 
significant associated (r2 = 0.027, p = 0.384) with the dose 
of thiamine (Fig. 2).

Therapeutic approach and outcome

On admission, half of patients were started on high dose 
thiamine (at least 200 mg, three times a day), and one-
third were prescribed with 500 mg three times a day. Half 
(51.2%) of patients fully recovered and most of the remain-
ing (78.6%) presented a partial recovery at the time of 
discharge. The median time from thiamine prescription to 
partial recovery was 6 days. Full recovery tended to be asso-
ciated with a high dose of thiamine administered on admis-
sion (p = 0.055) and with total thiamine dose received at 
discharge (t(27.127) = -2.462, p = 0.020). Two patients died 
due to postoperative complications.

Three patients relapsed: two male who kept drinking 
alcohol and relapsed 1 week and 1 month later respectively, 
and a woman who underwent a gastric sleeve surgery and 
relapsed 2 months later after withdrawal of oral thiamine. 
Eleven patients (57.9%) with a previous history of alcohol-
ism were abstinent on follow-up. Four patients with typical 

Fig. 1   MRI of a middle-aged man with a previous history of alcohol-
ism and a clinical diagnosis of WE. Coronal (A and B) and axial (C 
and D) FLAIR images (9000/150/1800 ms [TR/TE/TI]) show patho-
logical hyperintensities in mammillary bodies and the periventricular 

region of the third ventricle (A), medial thalami (B and D), hypothal-
amus, midbrain tectum, and periaqueductal grey matter (C) and ante-
rior pillars of fornix (D)

Fig. 2   Relationship between the 
number of days from symptoms 
onset and total dose of thiamine 
at the moment of MRI acquisi-
tion

706 Neurological Sciences (2023) 44:703–708



1 3

MRI lesions repeated brain MRI at 6, 9, 10, and 12 months 
respectively follow-up: the hyperintensities were gone in 
three patients (Fig. 3). Hyperintensity on the ventral surface 
of thalamus and periaqueductal grey matter were still present 
in a patient with a gastrointestinal disease who had stopped 
thiamine supplementation.

Discussion

In this study, we showed that the sensitivity of MRI findings 
in WE is influenced both by the patient’s diet and thiamine 
replacement.

Caine criteria identified two times more patients than the 
classic triad of Wernicke, a finding that is consistent with 
other studies [2, 5, 6]. The main difference is the consid-
eration of dietary intake impairment as a main criterion, 
allowing the inclusion of patients with onset of symptoms 
in the setting of gastrointestinal disease or surgery. By being 
less restrictive, Caine criteria promote an early correction of 
thiamine in a larger number of patients, without losing speci-
ficity [2]. Nevertheless, there was almost a 1-week delay on 
diagnosis that should not be disregarded, considering the 
risk of permanent brain damage, which can cause Korsakoff 
syndrome (severe anterograde and retrograde amnesia and 
confabulation) or death. This delay might be due to misdi-
agnosis with alcoholic delirium, negative history of alcohol 
intake, atypical presentation, and clinician’s unfamiliarity 
with the new criteria.

Thiamine is needed by the cell membranes to sustain 
osmotic gradients and is involved in carbohydrates metabo-
lism. It is stored in body tissues predominantly as thiamine 
diphosphate and is an essential cofactor for several enzymes 
in the tricarboxylic acid cycle and pentose phosphate path-
ways [7]. Cellular energy depletion leads to toxic interme-
diate metabolic products accumulation, such as lactic acid, 
and reduction of intracellular pH which promotes oxidative 
stress and cytotoxic edema. Vasogenic edema is also present 
as a consequence of blood–brain barrier impairment.

Insufficient levels of this vitamin have a greater impact 
in areas of high carbohydrate metabolic consumption, such 
as the periventricular regions (ventral thalami, mammillary 
bodies, periaqueductal grey matter, tectal plate of the mid-
brain, and the cerebellum) (Harper, 1997), which accounts 
for the clinical presentation. Our results are consistent with 
this hypothesis by showing an association between a poor 
diet or a gastrointestinal disease and periventricular lesions. 
Even though chronic alcohol abuse remains the main risk 
factor for WE, gastrointestinal disorders, parenteral nutri-
tion, or chemotherapy have increasingly been reported as 
predisposing factors [8]. Bearing this, a reasonable spec-
ulation is that the risk in alcoholic patients may be more 
related with impaired diet intake than with direct alcohol 
toxicity per se. In fact, we found no relevant clinical differ-
ences between alcoholic and non-alcoholic patients and a 
higher frequency of mammillary bodies atrophy in alcoholic 
patients, which is suggestive of previous episodes of WE [7, 
9]. The histopathological abnormalities in the mammillary 
bodies of WE patients have previously been reviewed [10].

MRI stood out as a useful tool in clinical investigation of 
WE, by revealing T2-weighted/FLAIR signal hyperintensi-
ties in the areas abovementioned. Regardless, the effective-
ness of MRI remains lower than desired as typical abnor-
malities are only observed in about one-third of patients in 
our cohort as in previous ones [5]. Thus, a normal MRI does 
not exclude the diagnosis [3]. On clinical practice, thiamine 
is frequently initiated empirically on admission, consider-
ing its low price and exemption from complications [3]. We 
hypothesized that thiamine replacement could rearrange the 
osmotic gradients before MRI acquisition and contribute 
to the disappearance of lesions. Previously, a decrease on 
T2-weighted and FLAIR signals has been shown in conjunc-
tion with the resolution of clinical symptoms, in follow-up 
studies (Zhong, Jin and Fei, 2005; [9]. Our data confirmed 
this assumption by showing that the odds of presenting 
with MRI typical abnormalities decreased with additional 
units of thiamine replacement at the time of acquisition and 
that clinical duration did not contribute to the same model. 

Fig.  3   MRI of a middle-aged non-alcoholic woman with a history of 
severe vomiting for three days followed by ataxia and diplopia. Axial 
FLAIR images show pathological hyperintensities in periaqueductal 

grey matter (A) and medial thalami (B). After 6-month, follow-up 
MRI showed regression of the lesions (C and D)
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Notwithstanding, MRI should still be performed as it is 
an essential imaging tool for differential diagnosis. On the 
other hand, thiamine prescription should not be delayed to 
increase MRI sensitivity, as clinical recovery seems to be 
associated both with a high thiamine dose administered on 
admission and with total prescribed dose of thiamine.

We are conscious that the retrospective and unicentric 
design, the wide temporal range and the small sample size 
are limitations of our study. Also, the MRI protocol was 
variable between patients and not every patient performed 
gadolinium-based contrast sequences. Nevertheless, the 
characteristics of our cohort were very similar to others 
reported in literature, including clinical presentation and 
diagnostic features [4, 5]. We chose to confine our study 
to patients observed by a neurologist, because the remain-
ing lacked information on neurological examination. How-
ever, we also found MRI abnormalities suggestive of WE in 
patients admitted in the psychiatric department who were 
not observed by a neurologist and therefore were excluded. 
The fact that the measurement of thiamine or transketolase 
blood levels was not available at our center is another limita-
tion to consider.

Conclusions

MRI sensitivity correlates with an inadequate dietary intake 
and depends on the total dose of the thiamine at the time of 
acquisition. Therefore, MRI should be performed as soon as 
possible, but without delaying thiamine replacement.

Data availability  The data generated during and/or analyzed during the 
current study are available from the corresponding author on reason-
able request.
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