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	 Case series
	 Patients:	 Female, 50-year-old • Female, 64-year-old
	 Final Diagnosis:	 Wernicke-Korsakoff syndrome
	 Symptoms:	 Altered mental status • ataxia • dizziness • horizontal nystagmus • nausea • vomiting
	 Medication:	 —
	 Clinical Procedure:	 Lumbar puncture
	 Specialty:	 Neurology

	 Objective:	 Mistake in diagnosis
	 Background:	 Wernicke’s encephalopathy (WE), a commonly misdiagnosed and underdiagnosed pathology, presents with al-

tered mental status, ataxia, and ophthalmoplegia. WE is most commonly caused by excessive alcohol use, but 
also has diverse nonalcoholic etiologies. Here we describe 2 cases of nonalcoholic WE with different etiologies 
that were initially misdiagnosed due to lack of correlation of magnetic resonance imaging (MRI) findings with 
clinical information.

	 Case Reports:	 Patient A, a 50-year-old woman with recent gastric sleeve surgery, presented with horizontal gaze-evoked nys-
tagmus, ataxia, and altered mental status. MRI fluid-attenuated inversion recovery (FLAIR) revealed isolated 
bilateral, symmetrical, thalamic hyperintensities, initially diagnosed as variant Creutzfeldt-Jakob disease. A re-
view of imaging and clinical presentation provided an alternate diagnosis of nonalcoholic WE secondary to nu-
tritional deficiency. Intravenous (IV) thiamine improved symptoms with resolution of MRI findings 6 months 
later.

		  Patient B, a 64-year-old woman, presented with nausea, vomiting, dizziness, altered mental status, and weight 
loss. MRI FLAIR revealed isolated bilateral, symmetrical, thalamic hyperintensities, initially determined to be 
ischemia, prompting stroke management. A diagnosis of nonalcoholic WE was suggested, given the patient’s 
low thiamine levels and history of malnutrition, and was confirmed by her excellent therapeutic response to 
IV thiamine.

	 Conclusions:	 Nonalcoholic WE remains a challenging diagnosis because of the variable clinical presentation, myriad of un-
derlying etiologies, and lack of standardized diagnostic laboratory tests. A multidisciplinary approach with close 
collaboration between the radiologist and clinical care team is critical to narrow down the differential and initi-
ate correct management. WE is a reversible disease with catastrophic consequences if it is not recognized and 
treated promptly.
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Background

Wernicke’s encephalopathy (WE) poses a significant diag-
nostic challenge, especially when the patient does not have 
a history of alcohol use. The clinical triad of gait ataxia, oph-
thalmoplegia, and altered mental status is well established, 
though it lacks sensitivity (16%) [1,2]. The Caine criteria [3] 
(Table 1) has been developed to help make an early diagno-
sis, but a high index of clinical suspicion is still required [4]. 
Clinicians often rely on ancillary testing, especially neuroim-
aging, to narrow down the diagnostic possibilities. Magnetic 
resonance imaging (MRI) has low sensitivity (50%) but high 
specificity (93%), thus making it the most reliable confirma-
tory test [5]. However, patients with nonalcoholic WE present 
with highly variable neuroimaging findings, making the diagno-
sis even more challenging. In both of our patients, an isolated 
pulvinar/hockey stick sign was the sole radiological manifes-
tation in the absence of other classic neuroimaging features. 
Awareness of these radiological signs with an appropriate clin-
ical context is critical to formulate the appropriate differential 
diagnosis and avoid unnecessary testing and anxiety for the 
patient and family members.

Here we describe 2 cases of nonalcoholic WE with different 
etiologies, both of which were initially misdiagnosed because 
of lack of correlation of MRI findings with clinical information.

Case Reports

Patient A

Patient A, a 50-year-old woman with a history of morbid obe-
sity, gastric sleeve surgery (GSS) 3 months prior, and cholecys-
tectomy 2 months prior presented with horizontal gaze-evoked 
nystagmus, ataxia, and altered mental status (Videos 1A, 2A). 
She reported no history of drug or alcohol abuse. Lab workup 
revealed the following results: white blood cell (WBC) count 
11, hemoglobin (Hb) 16.3, platelets 346, sodium 152, glucose 
109, lactate 4.5, aspartate transaminase (AST) 54, alanine 
aminotransferase (ALT) 95, albumin 4.5, creatinine 1.1, blood 
urea nitrogen (BUN) 16, thyroid stimulating hormone (TSH) 
3.09, B12 975, ammonia 29, copper 108, and zinc 102. Anti-
double stranded DNA, anti-RNP, and anti-Smith antibody pan-
els were negative. The thiamine level for this patient was not 
available because of hospital policy. Analysis of cerebrospinal 
fluid (CSF) revealed no pleocytosis, glucose 53, or protein 113 
and was positive for oligoclonal bands and negative for syphi-
lis. An electroencephalogram (EEG) showed mild diffuse slow-
ing (7Hz) intermixed with low-voltage fast activity, signifying 
mild encephalopathy. A computed tomography (CT) scan did 
not show any signs of acute intracranial abnormalities. MRI flu-
id-attenuated inversion recovery (FLAIR) revealed isolated bi-
lateral symmetrical thalamic hyperintensities (pulvinar/double 
hockey stick sign) (Figure 1A), without diffusion restriction. No 
contrast enhancement was seen on gadolinium T1-weighted 
imaging and on FLAIR sequencing, white matter hyperintensi-
ties potentially reflecting chronic microvascular disease were 
seen (Figure 1B). No signal changes were seen in the mammil-
lary bodies, the wall of the third ventricle, periaqueductal gray 
matter, floor of the fourth ventricle, or the tectal plate. The ra-
diologist raised the possibility of variant Creutzfeldt-Jakob dis-
ease (vCJD), given the isolated finding of pulvinar/hockey stick 
sign. Magnetic resonance angiography of the head and neck 
did not reveal stenosis or vascular malformations.

1.	Dietary deficiency

2.	Eye signs (nystagmus, opthalmoplegia)

3.	Cerebellar dysfunction (ataxia)

4.	Altered mental status or mild memory impairment

Table 1. Caine criteria.

Must have 2 of 4 signs to diagnose Wernicke’s encephalopathy.

Video 1. �(A) Patient A, presenting with horizontal gaze-evoked nystagmus. (B) After thiamine treatment, Patient A’s horizontal gaze-
evoked nystagmus has resolved.

A B
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Video 2. �(A) Patient A, presenting with gait ataxia. (B) After thiamine treatment, Patient A’s gait ataxia has resolved.

A B

A B

C

Figure 1. �(A) Patient A. Magnetic resonance imaging T2- fluid-
attenuated inversion recovery reveals hyperintensities 
involving the pulvinar and dorsomedial nuclei of the 
thalamus, which form a double hockey stick sign in 
nonalcoholic Wernicke’s encephalopathy. (B) Magnetic 
resonance imaging T2- fluid-attenuated inversion 
recovery reveals minimal white matter hyperintensities, 
potentially reflecting chronic microvascular changes 
in Patient A. (C) After parenteral thiamine, magnetic 
resonance imaging T2- fluid-attenuated inversion 
recovery reveals normal thalamic nuclei in Patient A.
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The patient was started empirically on IV thiamine (500 mg 
TID). Her horizontal gaze-evoked nystagmus improved within 
2 to 3 days. The mild encephalopathy resolved within 4 to 5 
days and she returned to her normal cognitive baseline. The 
patients’ gait remained ataxic, but she was able to ambulate 
with a walker while working with a physical therapist. A diag-
nosis was made of nonalcoholic WE due to nutritional deficien-
cy (secondary to GSS). The diagnosis was supported by clin-
ical improvement following initiation of parenteral thiamine. 
Further insight into the history revealed that the patient was 
prescribed oral vitamin supplementation but was noncompli-
ant. vCJD was ruled out with a negative CSF real-time quaking-
induced conversion assay. She was discharged to an inpatient 
rehabilitation facility on high-dose IV thiamine (500 mg TID) 
for persistent ataxic symptoms. Her gait continued to improve 
with intensive physical therapy. She was discharged home, 
and due to her increased risk of chronic thiamine deficiency, 
was given a lifelong prescription for thiamine supplementa-
tion (100 mg/d orally). Three months later, follow-up at an out-
patient neurology clinic revealed drastic clinical improvement 
with resolution of nystagmus and ataxia (Videos 1B, 2B). The 
patient’s thiamine level was measured and found to be within 
the therapeutic range (171.8 nmol/L). An outpatient MRI done 
6 months after that revealed resolution of the thalamic FLAIR 
abnormality/hockey stick sign (Figure 1C).

Patient B

Patient B is a 64-year-old woman with a history of hyperten-
sion, rheumatoid arthritis, and primary hyperparathyroidism 
status post parathyroidectomy who presented with nausea, 
vomiting, dizziness, altered mental status, and weight loss. 
Over the past few weeks, she had been exposed to insecti-
cides and bug sprays that were used to try to eradicate a bed 
bug infestation and she did not connect this exposure with her 
symptoms. She reported no history of drug or alcohol abuse. 
Lab workup revealed the following results: WBC 6.1, Hb 13.9, 
platelets 119, international normalized ratio 1.3, sodium 153, 
glucose 90, creatinine 1.7, BUN 31, AST 60, ALT 42, albumin 
2.8, TSH 2.090, B12 2496, ammonia 37, copper 86, zinc 66, 
and thiamine <7. An EEG showed 7Hz diffuse slowing, signi-
fying mild encephalopathy, with no epileptic discharges. A CT 
scan showed no acute intracranial abnormalities. MRI FLAIR 
revealed isolated bilateral symmetrical thalamic hyperintensi-
ties. Diffusion-weighted imaging did not show any restricted 
diffusion. No contrast enhancement was seen on a gadolini-
um chelate-enhanced T1-weighted image. No signal changes 
were seen in the mammillary bodies, tectal plate, wall of the 
third ventricle, periaqueductal gray matter, or the floor of the 
fourth ventricle. Ischemic changes (artery of Percheron stroke) 
were originally suggested in the differential, but on review by 
a neuroradiologist, the symmetrical thalamic hyperintensities 
were recognized as the hockey stick sign (Figure 2). A diagnosis 

of nonalcoholic WE was considered, given the patient’s histo-
ry of malnutrition, significant weight loss with low thiamine 
levels, and radiological findings. She was started empirically 
on IV thiamine (500 mg TID), and within 2 to 3 days, her al-
tered mental status and dizziness dramatically improved. She 
was discharged home within 3 days, on a regimen of oral thi-
amine (100 mg/d). Unfortunately, no post-treatment thiamine 
levels or neuroimaging were available because the patient was 
lost to follow-up.

Discussion

A broad differential diagnosis needs to be considered when a 
patient presents with rapidly progressive cognitive impairment. 
These include infection (HSV-1, Whipple disease), metabolic 
syndromes (thiamine deficiency, hypothyroidism), autoimmune 
conditions (Hashimoto’s thyroiditis, anti-VGKC encephalitis), 
vascular disorders (artery of Percheron stroke, top of the bas-
ilar artery syndrome), neurodegenerative conditions (CJD), 
and neoplastic etiologies (glioblastoma multiforme and cere-
bral metastases) [6,7]. A patient’s clinical features, associated 
laboratory findings and radiological markers serve as diagnos-
tic clues. In our cases, predisposing factors and accompanying 

Figure 2. �In Patient B, magnetic resonance imaging T2- fluid-
attenuated inversion recovery reveals hyperintensities 
involving the pulvinar and dorsomedial nuclei of 
the thalamus, forming a double hockey stick sign in 
nonalcoholic Wernicke’s encephalopathy.
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features of ataxia, horizontal gaze-evoked nystagmus, and al-
tered mental status, plus presence of a pulvinar/double hock-
ey stick sign were suggestive of nonalcoholic WE. The diag-
nosis was confirmed with an excellent therapeutic response 
to parenteral thiamine and resolution of radiological signs.

WE is reversible and commonly misdiagnosed because of un-
derrecognition of nonalcoholic etiologies [8]. It has a male pre-
dominance, with a female-to-male ratio of 1: 1.7 [9]. Excessive 
alcohol use remains the most common etiology of WE, with 
Wernicke-Korsakoff syndrome being prevalent in 12.5% of al-
cohol abusers [10]. Nonalcoholic etiologies (Table 2) are in-
creasingly being recognized.

GSS is increasingly becoming the preferred restrictive bariat-
ric procedure for morbid obesity, given that success rates are 
higher compared to malabsorptive surgeries such as Roux-
en-Y gastric bypass and the side effects are minimal [11,12]. 
The incidence of chronic thiamine deficiency associated with 
malabsorptive procedures is 49%, as compared to 18.75% 
for GSS [11,13]. The classic WE triad (ophthalmoplegia, atax-
ia, and encephalopathy), is seen in a substantially higher per-
centage of patients (54.2%) after bariatric surgery than with 
an alcoholic etiology (16%) [1,2,12,13]. This was also seen in 
our Patient A, who presented with the classic WE triad after 
undergoing GSS.

Patients with GSS have lower thiamine levels owing to mul-
tiple factors. GSS results in decreased hydrochloric acid pro-
duction [14], which affects absorption of water-soluble vita-
mins such as thiamine in the proximal small intestine [15]. 
Furthermore, GSS involves removal of the fundus and cor-
pus, which contain the interstitial cells of Cajal that are re-
sponsible for controlling stomach motility [14]. Resection of 
these segments induces pathological hypermotility, thus af-
fecting nutrient absorption and contributing to thiamine de-
ficiency [14]. In addition, lack of insight into the risk of devel-
oping WE, along with inadequate nutritional education, leads 

to 10.3% of post-bariatric surgery patients being noncompli-
ant with oral vitamin supplementation [12]. Persistent vom-
iting (87.3%) is the most common postoperative cause of WE 
and physicians should be conscious of this correlation and sup-
plement with thiamine via the parenteral route [11–13]. Our 
Patient A, however, did not experience postoperative emesis

The European Federation of Neurological Societies and the Royal 
College of Physicians have recommended IV thiamine (500 mg 
TID) for acute treatment until WE symptoms resolve [12]. The 
American Society for Metabolic and Bariatric Surgery states 
that patients who have undergone bariatric surgery should re-
ceive supplemental IV thiamine 200 mg TID to 500 mg QD/BID 
for 3 to 5 days, followed by 250 mg/d for 3 to 5 days or un-
til symptoms resolve [16]. Then consider treatment with 100 
mg/d orally, until risk factors resolve, although usually, indef-
inite treatment is required [16]. However, there is no consen-
sus as to the ideal dosage and duration of thiamine supple-
mentation [17].

Patient B’s nutritional deficiency was due to long-term expo-
sure to insecticides (3 weeks), which induced persistent vom-
iting with a consequent loss of thiamine storage. We hypoth-
esize that her sex and a potentially low thiamine level (before 
exposure to insecticides) may have contributed to the onset 
of WE. Women are at risk of losing thiamine stores at a high-
er rate than men [12]. In addition, it is imperative for physi-
cians to know that individuals with low body weight are also 
at risk of easily losing thiamine stores [12].

Clinical features of WE can be correlated with lesions seen 
on MRI. Involvement of the brainstem cranial nerve nuclei (III 
& VI), cerebellar vermis and vestibular nuclei, midline reticu-
lar activating system of the thalamus and mammillary bodies 
correlates with presentation of ophthalmoplegia, ataxia, and 
altered mental status, respectively [5]. The radiological find-
ings associated with mental status changes can be seen as 
isolated features on MRI [12], whereas regions corresponding 
to vestibular and ocular symptoms can be subradiographic, 
as noticed in both of our patients [12,18]. The most prevalent 
sign of thiamine deficiency is horizontal gaze-evoked nystag-
mus [18–21]. Brainstem nuclei are highly susceptible to thiamine 
deficiency due to higher metabolic demand and disruption of 
the blood-brain barrier [1,2,19]. This contributes to the devel-
opment of horizontal gaze-evoked nystagmus as the earliest 
manifestation of WE [19–21]. Late signs such as altered men-
tal status (memory impairment, delirium, coma) occur when 
diencephalic and cortical neurons are affected [19]. Caine’s cri-
teria of dietary deficiency along with horizontal gaze-evoked 
nystagmus and ataxia should be recognized as early manifes-
tations of WE, whereas encephalopathy is identified as a late 
clinical sign [3,18,19].

Malnutrition (anorexia nervosa, poverty, homelessness, old 
age, parenteral therapy)

Postoperative complication of gastric bypass surgeries 
(gastrectomy/duodenectomy)

Systemic diseases (AIDS, Crohn’s disease)

Hyperemesis gravidarum

Tumors (gastrointestinal, leukemia)

Chemotherapy

Chronic uremia and hemodialysis

Burns

Table 2. Nonalcoholic etiologies of Wernicke’s encephalopathy.
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Thiamine deficiency is the cornerstone pathological mecha-
nism of WE. Patients who have a deficiency for more than 
17 days require exogenous thiamine supplementation [19], 
while 4 or more weeks of deficiency leads to the onset of WE 
symptoms [2]. Patient A started to experience symptoms ap-
proximately 2 months post-GSS. Patient B presented with WE 
symptoms secondary to 3 to 4 weeks of continuous exposure 
to insecticides and intractable nausea and vomiting. Thiamine 
is involved in multiple biochemical pathways that affect pro-
duction of adenosine triphosphate (ATP), such as the Krebs 
cycle and the pentose phosphate pathway [22]. ATP deficien-
cy causes cytotoxic or vasogenic edema while pyruvate accu-
mulation leads to lactic acidosis in susceptible areas in the 
brain [22]. These include the medial thalami (85%), third ventri-
cle (80%), periaqueductal gray matter (59%), mammillary bod-
ies (45%), and the tectal plate (36%). Less commonly affect-
ed areas include the cranial nerve nuclei (18%), periventricular 
gray matter anterior to the fourth ventricle (7%), cerebellum 
(5%), vermis (4%), dentate nuclei (1.8%), and the precentral 
and postcentral cortices (1.8%) [1,2,5,23]. However, in both 
of our cases, the medial thalami were the only structures in-
volved, thus adding to the diagnostic dilemma.

The thalamus acts as a relay center for sensorineural pathways 
and is divided into different nuclei (Figure 3A). The pulvinar 
nucleus is the largest and plays a role in visual attention and 
modification of behavioral responses [24,25]. The dorsomedi-
al nucleus, the largest medial nucleus, is involved in memory, 

learning, and other cognitive functions [25]. The pulvinar sign 
is defined as a symmetrical hyperintensity of only the pulvinar 
thalamic nuclei (Figure 3B). A hockey stick sign is defined as 
concurrent symmetric hyperintensity of the dorsomedial thala-
mi and pulvinar nuclei (Figure 3C). Pulvinar/hockey stick signs 
have high specificity for vCJD [26] but can be seen in various 
other pathologies (Table 3). Appropriate identification of these 
signs on MRI in combination with a patient’s clinical presen-
tation is critical for appropriate diagnosis and treatment [23]. 
Patient A was diagnosed with vCJD because of the isolated 
pulvinar sign. This caused panic for her family and could have 
delayed therapeutic intervention. Patient B initially had a dif-
ferential diagnosis of ischemic changes on MRI, which result-
ed in initiation of a stroke management pathway.

Left untreated, WE is potentially life-threatening, with a mor-
tality rate up to 20% [7,17]. It can proceed to irreversible 
Korsakoff syndrome, characterized by severe global amnesia 
(retrograde, anterograde, episodic) and confabulation [12,27]. 
Chronic thiamine deficiency also can lead to several different 
types of beriberi (cardiac and neuropathic). Although cardiac 
(systolic heart failure) and neuropathic (axonal sensory poly-
neuropathy) beriberi classically occur chronically, the latter can 
present acutely with flaccid paralysis mimicking acute inflam-
matory demyelinating polyneuropathy [28]. Shoshin beriberi, a 
subtype of cardiac beriberi, presents as severe refractory hy-
potension, tachycardia, hypothermia, leukocytosis, acute kid-
ney injury, and lactic acidosis, leading to acute cardiovascular 
collapse, as described by Tan et al. [17,29].

We recognize that our report has a few limitations. Thiamine 
levels were not measured during Patient A’s hospital course. 
Testing for thiamine largely depends upon institutional poli-
cies. Measurement of serum thiamine is not widely available 
due to lack of standardization and has a poor correlation with 
clinical symptomatology [30]; thus, diagnosing WE is even 

Figure 3. �(A) Illustration of the thalamic nuclei. (B) Illustration 
of the thalamic nuclei depicting the pulvinar sign. 
(C) Illustration of the thalamic nuclei depicting the 
hockey stick sign.
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more challenging. Another limitation to diagnosis of WE in 
both of our patients was an oversight in performing the head 
impulse test. This test signifies damage to the brainstem nu-
clei (nucleus prepositus hypoglossi and medial vestibular nu-
cleus) [18,19]. Loss of bilateral horizontal vestibulo-ocular re-
flex (VOR) with intact vertical VOR has been proposed to be 
a highly specific predictor of WE [18]. It is important to note 
that covert saccades are difficult to visualize on physical ex-
amination; therefore, the video head impulse test has been 
developed to ease diagnosis [31].

MRI T2-FLAIR hyperintensity Pathology

Metabolic Nonalcoholic Wernicke’s encephalopathy 

Osmotic myelinolysis

Infectious Variant Creutzfeldt-Jakob disease

Cytomegalovirus

Cat-scratch disease

HIV

Post-infectious encephalitis

West Nile virus

Rabies virus

Cerebral malaria (Plasmodium falciparum)

Thalamic abscess (toxoplasmosis)

Japanese encephalitis

Vascular Artery of Percheron stroke

Deep cerebral vein thrombosis

Posterior reversible encephalopathy

Top of the basilar artery syndrome

Autoimmune Acute disseminated encephalomyelitis

Neurosarcoidosis

Vacuolar leukoencephalopathy (celiac disease)

Paraneoplastic limbic encephalitis (non-Hodgkin lymphoma)

Genetic Alpers disease

Leigh syndrome

Neoplastic Bilateral thalamic gliomas

MRI T1 hyperintensity Fabry disease

Krabbe disease

Profound hypoxia of the newborn

Fahr disease

DWI hyperintensity Mesial temporal lobe epilepsy (status epilepticus)

Table 3. Diseases with MRI findings that reveal a pulvinar sign.

MRI – magnetic resonance imaging; DWI – diffusion-weighted imaging.

Conclusions

Nonalcoholic WE remains a challenging diagnosis because of 
its diverse clinical presentations, myriad underlying etiologies, 
and a lack of standardized diagnostic laboratory tests. As re-
ported, approximately 80% of cases of nonalcoholic WE are 
recognized only at autopsy [27]. MRI signs in conjunction with 
clinical context can help clinicians make the correct diagno-
sis promptly and initiate appropriate management. Clinicians 
and radiologists should be aware of the fact that isolated in-
volvement of the medial thalami (pulvinar/hockey stick sign) 
can be the sole manifestation of WE. Therefore, prompt ad-
ministration of high-dose parenteral thiamine is required to 
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avoid permanent neurological sequelae. A multidisciplinary ap-
proach with close collaboration between the radiologist and 
the clinical care team is critical to narrow the differential di-
agnosis and initiate the correct management.
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