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Crohn’s disease (CD) and ulcerative colitis (UC) are chronic and debilitating inflammatory conditions of the
gastrointestinal tract. Thiamine can deplete rapidly in CD and UC, which can lead to Wernicke’s encephalopa-
thy (WE), is an acute neurologic disorder. Our objective was to systematically review the presentation of WE
in CD and UC. We conducted our search from inception using the MeSH terms “Crohn’s disease,” “ulcerative
colitis,” and “Wernicke’s encephalopathy.” Our search yielded 28 case studies reporting on 31 cases. CD was
diagnosed in 21 cases, and UC in 10. The first signs of WE were nausea and vomiting (13 cases), double vision
(10), blurred vision (10), and hearing loss (4). In 12 cases, partial or complete bowel resection was one of the
etiologies of thiamine depletion. In nine cases, thiamine was not supplemented intramuscularly or intrave-
nously while parenteral nutrition or glucose was given to the patient. In 10 cases, detailed descriptions of thi-
amine treatment were given. Thiamine treatment at suboptimal levels (7 of 10 cases) turned out to lead to
residual cognitive deficits in three cases. In three cases with optimal treatment (1500 mg/d intravenously),
complete remission of WE symptoms was achieved. Rapid treatment with high doses (500 mg, 3 times/d) of

Thiamine thiamine saves lives, and treats WE in its core symptomatology.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
Introduction have become known as the WE triad: ataxia, eye-movement disor-

In the 21st century, the prevalence of inflammatory bowel disease
(IBD) exceeded 0.3% of the total population in Western societies [1].
During the latter half of the 20th century a significant increase of IBD
was reported in North America and Europe [2]. Prominent forms of
IBD are Crohn’s disease (CD) and ulcerative colitis (UC).

Nutritional care and therapy forms an integral part of the man-
agement of CD and UC [3]. Nutritional deficiencies in IBD result
from reduced intake, malabsorption, side effects of medication,
and systemic inflammation due to active disease [3,4]. Thiamine
(vitamin B;) deficiency is relatively common in IBD, resulting in
fatigue, irritability, poor memory, sleep disturbances, nausea and
vomiting, and abdominal pain, as well as severe neurologic deficits
such as Wernicke’s encephalopathy [5,6].

Wernicke’s encephalopathy (WE) is the result of vitamin B,
depletion, and is an adverse complication of IBD. Three symptoms

All authors contributed to writing up the first draft of the manuscript. E.O. con-
tributed to all sections of the manuscript. JW.W., M.J.0., M.v.D., and A.P. contributed
to the Methods and Results sections of the manuscript.

There is no funding for this research project. The authors declare that they have
no conflicts of interest.

*Corresponding author. Tel.: +31(0)102931555

E-mail address: e.oudman@leliezorggroep.nl (E. Oudman).

https://doi.org/10.1016/j.nut.2021.111182

ders, and mental-status change. The prevalence rate of WE is
0.6—2% of the population, but many cases are detected postmor-
tem based on atrophy of the mammillary bodies, periaqueductal
gray matter, or medial thalamic area [6].

Because it is relatively unknown that nutritional health in CD
and UC is necessary for prevention of WE, the aim of this article is
to review the presentation of WE in CD and UC. We want to help
clinicians working with people with CD and UC in properly manag-
ing the possibility of malnutrition.

Methods
Study design

A systematic review of the literature was performed. Case reports and cases
series were included. We did not find any group study on WE in CD, and therefore
did not include group studies. We excluded cases where data on the presentation
of symptoms was not reported.

Wernicke’s encephalopathy

WE can be diagnosed based on Caine’s operational criteria [7]: the classic triad
described by Wernicke, evidence on autopsy, or a fast response to thiamine treat-
ment. Critical symptomatology of WE is oculomotor issues (nystagmus or ophthal-
moplegia), dietary issues, cerebellar dysfunction (ataxia and balance problems),
and a form of delirium or otherwise altered mental status.

0899-9007/© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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CD and UC

Reports also had to contain chronic inflammation of the gastrointestinal tract
and diagnosis of CD or UC.

Search strategy and study selection

We searched the Cochrane Database of Systematic Reviews, PubMed, and Sco-
pus, using MeSH terms (“Wernicke’s encephalopathy,” “Crohn’s disease,” “ulcera-
tive colitis”), from inception, and removed all duplicates. Papers in all languages
could be included. One of us (E.O.) screened all abstracts for eligibility and
extracted information from full-text descriptions for this review. The others of us
checked the selection of papers. The last systematic literature search was on
November 22, 2020.

Outcomes

We extracted and indexed the following data: year of publication, age, gender,
etiology of WE, WE symptoms, and magnetic resonance imaging (MRI) findings.

Treatment

Proper treatment of WE consists of 500 mg of parenteral thiamine three times/
d until symptoms resolve, according to European guidelines [8]. Active treatment
can save lives and reverse this acute neurologic disorder. Suboptimal treatment of
WE is defined as <500 mg of thiamine as the initial dose.

Results
General overview

We identified 31 case descriptions in the published literature
(see Fig. 1 for a flowchart and Table 1 for case descriptions), pub-
lished in 29 manuscripts [9-37], suggesting that WE is not fre-
quently reported in CD and UC, based on a prevalence rate of 0.3%.
Twenty-one of the cases of WE were diagnosed in people with CD,
and 10 in people with UC.

Importantly, new cases of WE have continuously been pub-
lished, with three case studies from the 1980s, five from the 1990s,
five from the 2000s, and 18 from the 2010s. The tripling of cases in
the last 10 years suggests that it is still relevant to consider this dif-
ferential diagnosis. We reviewed reports of 16 cases in women and
girls and 15 in men and boys. The average age was 36.3 y, with a
range of 5-64y.

Etiology of WE in CD and UC

In all cases, WE developed as a consequence of multiple factors
contributing to thiamine depletion in CD and UC. In all cases, weak-
ening of health status was evident as a direct consequence of CD or
UC before the onset of WE. Thirteen cases developed after nausea
and vomiting, and 12 after partial or total bowel resection. In eight
cases, the individuals received total parenteral nutrition without
thiamine. Malnourishment before onset of WE was evident in
seven cases, and diarrhea in six. In one case, WE developed after
acute glucose infusion without thiamine supplementation. Some
patients had a combination of these factors leading to WE.

Wernicke’s encephalopathy: Presenting characteristics

In 19 cases, altered sight (diplopia in 10, loss of vision in 10,
both in 3) was a presenting sign of WE. Unexpectedly, in four cases
altered hearing (hearing loss in three, acoustic hallucinations in
one) was a presenting sign.

The most profound characteristic of WE in the case descriptions
reviewed was altered mental status (26 cases), presenting itself as
delirium, confusion, or problems in alertness, drowsiness or cogni-
tion. Eye-movement disorders were present in 25 cases, presenting

as nystagmus (19) and ophthalmoplegia (9), resulting from extra-
ocular muscle weakness. In 15 cases, ataxia was present, ranging
from gait abnormalities to full inability to walk or move. The full
triad was present in 13 cases, a larger proportion than the 16%
reported in postmortem case descriptions of WE in people with
alcoholism [38].

Imaging

In 21 of the 22 case descriptions where an MRI was performed,
the procedure revealed radiologic alterations. Alterations in the
thalamic area of the brain were common.

Treatment: Too little, too late

In 12 cases, there was a detailed report on the treatment of WE
symptoms. Of interest, two patients did not survive [10,17], and were
diagnosed postmortem. One male patient received a total colectomy
in UC and was subsequently left in a comatose state [10]. A female
patient with CD died after receiving a glucose infusion, causing a mal-
nourished state with diarrhea and vomiting [17].

In seven case studies, the parenteral doses of thiamine given were
lower than the recommended 1500 mg/d [12,14,18,20,32,33,37],
leading to residual cognitive damage (mild amnesia or cognitive dis-
orders) in three cases [12,18,33]. This is in contrast to cases in which
the optimal thiamine doses were given, resulting in a complete
remission of WE symptoms in all cases [24,26,29].

Of interest, in one case study, hyperbaric oxygen therapy
(HBOT) was combined with thiamine therapy to treat WE follow-
ing hemicolectomy in CD [37].

Discussion

Because of chronic inflammation and vomiting, people with CD
and UC are particularly at risk for developing WE as a consequence
of thiamine deficiency [39,40]. Substantial vitamin B; treatment in
all people at risk for malnourishment in IBD is necessary to prevent
the development of WE. In our review, treatment was often not
preventive, but also the core symptoms of WE were not actively
treated, because of suboptimal doses of thiamine. These issues lead
to adverse outcomes, such as chronic cognitive disorders.

In the majority of the reported cases, WE was caused by nausea
and vomiting in CD and UC. Vomiting is a primary cause of WE,
specifically if people become malnourished due to prolonged vom-
iting. Parenteral thiamine supplementation is therefore necessary
in all people who show signs of prolonged vomiting in CD or UC, to
prevent them from developing WE. Oral supplements are not
absorbed in significant enough amounts in people who vomit,
leading to insufficient prophylaxis of WE [5]. One of the most
remarkable findings in our review is that WE in CD and UC was fre-
quently diagnosed after progressive deterioration of symptoms.
For example, ileostomy was applied to alleviate chronic intestinal
infections, leading to diminished capacity to absorb thiamine. Also,
total parenteral nutrition and glucose were given to bypass the
severely compromised capacity of the gastrointestinal tract, but
this inadvertently led to increased thiamine consumption. We sug-
gest that limited capacity to absorb thiamine, increased consump-
tion of thiamine in IBD, and loss of thiamine due to vomiting all
can lead to symptoms of WE.

Hearing loss is an uncommon presenting sign of WE, with only
eight reported cases up until 2014 [26]. In this review, three cases
presented with hearing loss and tinnitus, possibly reflecting a spe-
cific presentation of WE in CD and UC. Walker et al. [26] suggest
that only a subgroup of young female patients are at particular risk
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Records identified through
database searching
16from Pubmed
58 from Cochrane
44 from Scopus

A

Records after duplicates removed

A 4

N =105
Total records excluded
(n=77)
No Wernicke Encephalopathy
A 4 (n=70)
Records screened / No case studies or descriptions
(n =105) (n=7)

Studies included in qualitative
synthesis
(n=29)
Case descriptions (n = 31)

Fig. 1. Flowchart of case-study inclusion, illustrating the number of articles identified in the literature search and reasons for exclusion. Thirty-one cases in 28 studies met the

inclusion and exclusion criteria.

for this WE symptom, but our review showed that in one case an
older female patient had hearing loss as a presenting sign of WE.
Recently, Fousekis et al. (2018) [41] have suggested that because of
systemic disease, all people with IB have an increased risk for
developing hearing issues. Moreover, it is possible that a lack of
thiamine will result in neuropathy of the nervus cochlearis, leading
to hearing issues because of a thiamine deficiency [8].

In 19 cases, WE presented with altered vision. In 10, vision was
blurred or fully absent, and in 10, diplopia was present. Impor-
tantly, in all 19 cases, the individuals complained of altered vision,
making this symptom of particular value for early diagnosis of WE
in CD and UC. In the majority of reported cases, altered vision was
not reviewed as a serious neurologic condition, leading to rela-
tively late treatment of WE.

Eye-movement disorders such as nystagmus and ophthalmoplegia
were relatively common in the presentations of WE in CD and UC. Ear-
lier research suggests that it is likely that eye-movement disorders rep-
resent the most severe form of thiamine depletion, since this symptom
is most common in WE following anorexia nervosa [42] and least com-
mon in WE following obesity surgery [43].

Radiologic imaging can be used to support the diagnosis of WE,
but it is not always sensitive to WE symptomatology. Often, hyper-
intensities are visible in the thalamic region, in line with previous
research on WE [8]. In almost all reported CD and UC cases, MRI
was sensitive for detecting WE. In people with alcoholism, MRI

was only sensitive in 53% of the cases. This finding possibly reflects
a delayed recognition of WE in CD and UC cases, but also could
reflect a more detrimental outcome in CD and UC. Since thiamine
supplementation is most effective when given as early as possible,
it is not necessary to include additional diagnostic tools before pro-
viding thiamine.

When WE is suspected, it is important to give high doses of thia-
mine to treat the underlying thiamine deficiency. A dose of 500 mg
of thiamine three times/d is effective in resolving thiamine issues
and actively treating WE. Originally, a treatment duration of 3—5 d
was suggested, but according to recent literature a high-dose treat-
ment of parenteral thiamine should be continued for at least 2 mo
[8,44]. Magnesium levels are sometimes low in IBD, and therefore
also require supplementation [8]. In this review, three patients
received high doses of thiamine, leading to full recovery of WE. In
four cases, suboptimal treatment resulted in residual cognitive dis-
orders following WE. These results suggest that higher doses of thia-
mine given parenterally have the potential to reverse WE.

In one case study, thiamine supplementation was accompanied
by HBOT, leading to complete resolution of WE symptoms [37]. To
our knowledge, this is the first study applying HBOT in WE. HBOT
has been successfully applied in radiation tissue injury following
radiotherapy for cancer [45]. Recently, studies have reported
improvement of cognitive functions in Alzheimer’s disease [46,47]
and stroke [48,49] following HBOT, suggesting treatment potential



Table 1

Demographic and clinical characteristics

Reference CD/UC Gender Age,y Reason Ataxia Eye-movement Mental- and sensory- Visual/auditory MRI Thiamine treatment/
disorder status change problem outcome
Van Noort uc M 35 Glucose administration - + (ophthalmoplegia) - Blindness NA
etal. [9] without thiamine
Mattioli uc M 22 Vomiting and diarrhea, - + (nystagmus and + (drowsiness) Loss of vision, NA IV/total recovery
etal.[10] total colectomy, TPN ophthalmoplegia) diplopia
without thiamine
Mattioli uc M 47 Total colectomy - + (nystagmus) +(coma) - NA No treatment/deceased
etal.[10]
Parkin CD F 44 TPN without thiamine - + (nystagmus) +(memory dysfunction) — Subcortical white matter No treatment/Korsak-
etal. [11] and ileum resection lesions off's syndrome
Shiozawa uc F 61 Subtotal colectomy, + + (ophthalmoplegia) + (semi-coma) - Hyperintense periven- IV 50 mg/d/some
etal. [12] diarrhea, WE after TPN tricular areas of the recovery
stopped third and fourth ven-
tricles and periaqueduc-
tal area
Arakawa cD M 23 TPN without thiamine + + (nystagmus) + (memory dysfunction, Hyperintense periven- IV/slight cognitive
etal. [13] after ileus dizziness) tricular areas impairment
Hahn CD B 20 Chronic TPN with oral + (shuffling + (nystagmus, and later  +(confusion) Diplopia Hyperintense upper IV 50 mg/d/no
etal. [14] multivitamin gait) ophthalmoplegia) medulla, midbrain, and Korsakoff's syndrome
thalamus
Bamber [15] CD B 60 Malnourishment and + + (nystagmus) + (loss of consciousness)  — NA No treatment/
glucose administration deterioration
without thiamine
Ziping CD M 30 Progressive weight loss, + - + (loud speech) Diplopia NA Unknown
etal.[16] diarrhea, nausea and
vomiting
Larnaout cD F 50 Vomiting, diarrhea, ? (not ? (not testable) +(coma) - NA No treatment/deceased
etal. [17] malnourishment testable) after glucose infusion
Eggspithler  CD F 42 Inactive CD after resec- + + + (forgetfulness) Diplopia Hyperintense mammil- IV 100 mg/d/mild
etal. [18] tion of the small intes- lary bodies, fornix, trac-  amnesia
tine and the duodenum tus mammillo-
and pyloroplasty thalamicus, and floor of
the fourth ventricle
Flabeau CD B 31 Partial colectomy and - + (nystagmus) + (apathy, headache) Blurred vision, Inferior colliculus IV/symptoms resolved
etal.[19] TPN without thiamine hearing loss,
tinnitus
Borlot CD M 5 TPN after pancreatitis - + (upbeat nystagmus) +(drowsiness, meaning- — Hypersignal in the thala- IV 100 mg/d/no Korsak-
etal. [20] without thiamine less speech) mus, predominating in off's syndrome
the mesial region and
discrete hypersignal in
the periaqueductal gray
Santos uc F 37 Total colectomy, pancre- - + - Hyperintense mammil-  NA
Andrade atitis, vomiting lary bodies
etal. [21]
Pereira CD M 27 TPN after total + + (nystagmus) + (aphasia, seizures, Diplopia Bilateral frontal cortical ~ IV/tetraparesis, spasms,
etal. [22] colectomy confusion) high signal intensity aphasia
Zeljkoetal. CD F 18 TPN after ileostomy with - + (nystagmus) +(nausea) Diplopia Symmetrical bilateral IV/no Korsakoff's
[23] oral thiamine supple- hyperintensity in the syndrome
mentation after 18-kg hypothalamus and on
weight loss over 6 mo the floors of the third

and fourth ventricles

(continued on next page)
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Table 1 (Continued)

Reference CD/UC Gender Age,y Reason Ataxia Eye-movement Mental- and sensory- Visual/auditory MRI Thiamine treatment/
disorder status change problem outcome
Davies uc F 64 Pneumonia, ? - + (drowsiness) - High signal in the peria- IV 500 mg 3 time/d/
etal. [24] malnourishment queductal area, superior ~ dramatic improvement
colliculi, and posterior
medial thalami
Delgado cD F 42 Ileocolic resection, pre- - + (nystagmus) + (mutism, delirium) - Minimal cortical hyper-  IV/normal
etal. [25] sacral abscess, vomiting, intensity in the left tem-
sepsis, Acinetobacter poral and right frontal
infection lobes
Walker uc F 61 18-kg weight loss in 1 + + (nystagmus, + (poor mental status) Visual disturbance, Hyperintensity in peria- IV 500 mg 3 times/d/
etal. [26] mo, nausea, vomiting, ophthalmoplegia) hearing loss queductal gray, quadri-  complete recovery
Clostridium difficile geminal plate, bilateral
infection superior colliculi, bilat-
eral mammillary bodies,
bilateral fornices, hypo-
thalamic region, both
medial thalami
Delavar cD M 41 Nausea and vomiting in + (progressive + (nystagmus, + (confusion, apathy, Diplopia Hyperintense mammil- IV/mild ataxia
Kasmaei untreated CD ataxia, dysphagia) ophthalmoplegia) disorientation) lary bodies
etal. [27]
Machado CD M 40 Malnourishment, esoph- + (weakness + (ophthalmoplegia) + Visual impairment, NA IV 200 mg 3 times/d/no
etal. [28] ageal candidiasis, TPN and paresthesia, diplopia Korsakoff’s syndrome
with oral thiamine dysphagia)
Guler uc F 36 Nausea, vomiting, + + (ophthalmoplegia) + (dizziness, slurred Diplopia Bilateral frontal, tempo- IV 1500 mg/d/complete
etal. [29] diarrhea speech, delusions) ral, and parietooccipital ~ remission
cortico-subcortical
hyperintensities
Miller [30] CD F 17 Pancreatitis, nausea, + - + (confusion, coma) Diplopia, blurred Hyperintensities in the IV/no Korsakoff's
vomiting vision, hearing loss bilateral thalami, peria-  syndrome
queductal gray matter
and frontal cortex
Shin CD M 22 Malnourishment, TPN - + (nystagmus) + (confused speech, diz-  Blurred vision High-signal-intensity IV/no Korsakoff's
etal. [31] without thiamine after ziness, seizures) lesion at both rightand ~ syndrome
perianal abscess left sides of the mam-
millary body and tec-
tum, and the
periaqueductal space
Shin cD F 34 Malnourishment, TPN + - - Blurred vision High-signal-intensity IV/no Korsakoff's
etal. [31] without thiamine, lesion at the inferior col-  syndrome
abscess, vomiting liculus of the midbrain
and pontomedullary
junction
Barnesand  UC M 16 TPN without thiamine, + - - Acoustic NA IV 400 mg/no Korsak-
Kerner [32] total colectomy, pancre- hallucination off's syndrome
atitis, ileus
Vogrig CD M 47 Colectomy, vomiting, - + (upbeat nystagmus) + (memory problems, Loss of sight Bilateral medial tha- IV 200 mg 3 times/d/
etal. [33] fistula surgery burning pain in distal lamic hyperintensity mild amnesia
limbs)
Welsh cD M 22 Malnourishment + + (nystagmus) + (seizures, fatigue, dys-  Diplopia NA
etal. [34] arthria, vertigo)

(continued on next page)
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Thiamine treatment/
IV/clear improvement

outcome
complete remission

IV/mild amnesia
IV 500 mg + HBOT/

Hyperintensity of peria-
queductal gray, mam-
millary bodies,
Hyperintense postero-

medial thalamus and
bilateral mammillary

Hyperintense medial
bodies

hypothalamus, and
thalami

medial thalamus

MRI

Visual/auditory

problem
Diplopia

Mental- and sensory-
status change

+ (disorientation,

+ (memory problems,
drowsiness, headache)

+ (confusion)
slowness)

Eye-movement
ophthalmoplegia)

disorder
+ (nystagmus,

+ (nystagmus)
+ (nystagmus)

Ataxia

Nausea, vomiting
35-kg weight loss,
diarrhea, vomiting,
colectomy
Hemicolectomy,
epigastric pain

Age,y Reason

53
36
43

CD/UC  Gender

CcD
uc
cD

Reference
Battista
etal. [35]
Dogan
etal. [36]
Abdelwali
etal.[37]

CD, Crohn’s disease; HBOT, hyperbaric oxygen therapy; MRI, magnetic resonance imaging; NA, not available; TPN, total parenteral nutrition; UC, ulcerative colitis; WE, Wernicke’s encephalopathy.

Table 1 (Continued)
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for WE. Of importance, in one recent case study, the combination of
antibiotic treatment with metronidazole and HBOT resulted in acute
encephalopathy [50], suggesting a potential risk of applying HBOT
in combination with antibiotic treatment for cognitive functioning.

Although the treatment guidelines for IBD include diagnostics and
treatment of nutritional deficiency of several vitamins, and multivita-
min deficiency is common in IBD, thiamine is not one of the described
deficiencies [5,39]. Based on our review, it is likely that specifically peo-
ple who lose weight, have complications of IBD, or receive total paren-
teral nutrition without thiamine are at risk for the development of WE.
A fourth mechanism possibly putting people with IBD at risk for WE is
bacterial dysbiosis leading to less biosynthesis of vitamin B [51]. It is
therefore possible that the thiamine deficiency seen in IBD is relatively
indirect to the disease, and therefore not incorporated in current treat-
ment standards [5,39]. Earlier research has pointed out that individuals
with CD (in remission) do have lower dietary intake, also putting them
at more risk for the development of WE [52]. Also, in a small-scale
study, individuals with CD had lower thiamine levels than individuals
without [53]. In people with IBD, subclinical thiamine deficiency can
lead to fatigue in up to 40% of cases [54]. It is currently unknown how
many people with IBD are thiamine deficient, and WE seems to be rel-
atively uncommon in this patient group. Possible underlying mecha-
nisms leading to thiamine deficiency should be investigated in future
research.

A limitation of the present review is that we reviewed only case
descriptions. Therefore, predictive information regarding preva-
lence rates and incidence rates is limited. Despite this limitation,
the level of detail in the case studies reviewed leads to new
insights on WE after CD and UC.

Conclusion

In conclusion, there is a growing number of people worldwide
with UC and CD. Malnourishment-related WE is rare, but can be
fully prevented by prophylactic thiamine supplementation. Specifi-
cally in people with vomiting or diarrhea, thiamine supplementa-
tion is necessary. Mental confusion, eye-movement disorders, and
ataxia are often missed as crucial symptoms of WE. After the initial
onset of symptoms, rapid treatment with high doses of thiamine is
still a lifesaving measure, ameliorating WE.
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