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BACKGROUND: Patients with suspected thiamine defi-
ciency should receive treatment with parenteral thiamine to
achieve the high serum thiamine levels necessary to reverse
the effects of deficiency and to circumvent problems with
absorption common in the medically ill.

OBJECTIVE: To quantify rates of parenteral administration of
thiamine across university-affiliated hospitals and to identify
factors associated with higher rates of parenteral prescribing.

DESIGN: Multicenter, retrospective observational study of
thiamine prescriptions.

METHODS: Prescriptions for thiamine were captured from
computerized pharmacy information systems across partic-
ipating centers, providing information concerning dose,
route, frequency, and duration of thiamine prescribed from
January 2010 to December 2011.

SETTING: Fourteen university-affiliated tertiary care hospi-
tals geographically distributed across Canada, including

48,806 prescriptions for thiamine provided to 32,213 hospi-
talized patients.

RESULTS: Parenteral thiamine accounted for a statistically
significant majority of thiamine prescriptions (57.6%,
P < 0.001); however, oral thiamine constituted a significant
majority of the total doses prescribed (68.4%, z= 168.9;
P <0.001). Protocols prioritizing parenteral administration
were associated with higher rates of parenteral prescribing
(61.3% with protocol, 45.8% without protocol; P < 0.001).
Patients admitted under psychiatry services were signifi-
cantly more likely to be prescribed oral thiamine (P < 0.001).

CONCLUSIONS: Although parenteral thiamine accounted
for a statistically significant majority of prescriptions, oral
thiamine was commonly prescribed within academic hospi-
tals. Additional strategies are needed to promote parenteral
thiamine prescribing to patients with suspected thiamine
deficiency. Journal of Hospital Medicine 2015;10:246-253.
© 2015 Society of Hospital Medicine

Thiamine pyrophosphate, the biologically active form
of thiamine (vitamin B1), is an essential cofactor for
the aerobic breakdown of glucose, with daily require-
ments related to total caloric intake and the proportion
of calories provided as carbohydrates. Patients present-
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ing to the hospital are at risk of thiamine deficiency due
to a preponderance of factors including baseline poor
nutritional status,'™ diminished intake (associated
with illness prodrome), increased metabolic demand
(eg, occurring with sepsis, malignancy, surgery, preg-
nancy), and resuscitation with intravenous glucose-
containing fluids. Without thiamine pyrophosphate,
glucose is metabolized through less-efficient anaerobic
pathways, producing lactic acid as a by-product. The
brain uses glucose as its main source of energy and is
susceptible to injury due to acute thiamine deficiency.
Petechial hemorrhage and demyelination within peri-
ventricular structures (thalami, mammillary bodies,
ocular motor nuclei, and cerebellar vermis) account for
the classical triad of Wernicke’s encephalopathy (WE),
including confusion/encephalopathy, ophthalmoplegia,
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and ataxia.*” Additional symptoms and signs are
reported in WE, implicating more widespread conse-
quences of thiamine deficiency.®™

Wernicke’s encephalopathy remains an historically
well-documented illness,** of continued relevance to
hospitalist practice. Pathologic changes diagnostic of
WE are reported in 1.9% to 2.8% of all patients at
autopsy,®'? and in as many as 20% of hospitalized
patients following unexplained death.'™? In cases of
alcohol-related death, the incidence may be as high as
59%."> Most troubling is the observation that the
diagnosis is frequently missed in clinical settings,'*"’
with devastating results. Case series report mortality
in upward of 20% of patients with untreated or
undertreated WE, with 85% of survivors developing
Korsakoff syndrome—the chronic form of WE.%2%2!
The clinical diagnosis may be missed in as many as
94% of nonalcoholic patients, including patients
admitted to surgical (ie, postgastrointestinal surgery),
obstetrical (ie, hyperemesis gravidarum), psychiatric
(ie, eating disorders), general internal medicine (ie,
cancer-associated cachexia and related complications),
and subspecialty services (ie, dialysis and renal
diseases).”

Recognition of WE is critical, as effective interven-
tion and treatment is possible. For hospitalized
patients, intervention should prioritize parenteral
administration of thiamine**** to circumvent prob-
lems with oral absorption common in the medically
ill, and to maximize serum thiamine concentrations,
promoting passive (concentration-dependent) move-
ment of thiamine across the blood brain barrier. In
lieu of evidence from randomized controlled trials
supporting specific doses and schedules for thiamine
administration,”*?** this recommendation relies on
ample experiential evidence emphasizing the impor-
tance of higher doses of parenteral thiamine (in excess
of 200 mg provided 3 times daily) for the prevention/
treatment of WE,!%15:20:26.27

It remains to be determined whether the evidence
emphasizing parenteral prescribing has affected cur-
rent practice within inpatient populations. To address
this need, we sought to quantify thiamine-prescribing
practices within Canadian university-affiliated hospi-
tals across a 2-year period. We hypothesized that thia-
mine would be prescribed more frequently via the
parenteral route, in line with published guidelines pro-
moting parenteral administration of thiamine.'%*>°

METHODS

Study Design and Recruitment

A retrospective observational study was used to evalu-
ate thiamine prescribing within Canadian academic
hospitals between January 2010 and December 2011.
University-affiliated institutions with English-speaking
postgraduate (ie, residency) adult medicine programs
were eligible to participate. Participating centers all
utilized computerized pharmacy information systems,
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allowing anonymized retrospective data to be reported
for participants. Study objectives, methods, and proce-
dures were approved by institutional research ethics
boards at participating centers.

Data were extracted for the study period from com-
puterized pharmacy information systems recording
prescriptions processed by centralized hospital phar-
macies. Thiamine prescribed as part of total paren-
teral nutrition was excluded from analysis, as
prescribing was automated in most centers. Partici-
pants were assigned a randomized study number
linked to prescription information specifying the pre-
scribed dose of thiamine, route of administration
(oral: per os, nasogastric tube, orogastric tube, gastric
tube; versus parenteral: intravenous, intramuscular),
frequency of dosing (eg, daily, twice daily, 3 times
daily), and start/end dates. Complete data were avail-
able from 12 hospitals (12/14, 85.7%). One hospital
was missing data concerning the frequency of pre-
scribing. One hospital provided only summary data,
specifying the number of prescriptions issued by route
and dose. Information concerning the prescribing serv-
ice was captured within records from 7 hospitals
(7/14, 50.0%), allowing prescriptions to be stratified
by prescribing services. Subspecialty designations were
simplified to emergency department, intensive care
unit (ICU) (including medical, surgical, and trauma
ICUs), medical subspecialty (ie, cardiology, endocrinol-
ogy, gastroenterology, medical oncology, rheumatol-
ogy), general internal medicine, neurology, psychiatry,
and surgical (ie, general surgery, cardiac surgery,
neurosurgery, orthopedics, gynecology) services.

Statistical Analysis

Prescriptions for thiamine were summarized across
each center specifying the route of administration (all
prescriptions and initial prescription). Prescribing
behaviors across centers were summarized using
descriptive statistics. Differences in parenteral versus
oral prescribing were evaluated using the z test for the
difference between weighted averages, assuming a null
hypothesis of equal prescribing (ie, 50% parenteral
and 50% oral) within categories (i.e., all prescriptions,
initial prescriptions, total doses).

Factors that may affect rates of parenteral prescrib-
ing were considered across centers. Hospitals were
stratified based upon the presence of protocols pro-
moting parenteral thiamine prescribing for the treat-
ment of patients at risk of deficiency. The effect of
protocols on prescribing behaviors was evaluated by
comparing prescribing practices in centers with and
without protocols using the z test for the difference
between proportions. Forward linear regression was
used to evaluate the correlation between the number
of prescriptions and/or doses prescribed within cen-
ters, and the rates of parenteral prescribing. Rates of
parenteral prescribing across hospital services were
compared using pairwise comparisons.
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FIG. 1. Map of Canada showing university-affiliated centers meeting inclu-
sion criteria. Participating centers numbered from west to east.

Statistical analyses were completed using IBM SPSS
Statistics 20 (IBM Corp., Armonk, NY). Significance
was defined as P < 0.05, using P values corrected for the
total number of comparisons (Bonferroni correction),
equivalent to a single-comparison P value < 0.001.

RESULTS

Thirteen university-affiliated academic centers met
inclusion criterion and were invited to participate.
Data were obtained from 9 organizations (9/13,
69%), encompassing 14 geographically distributed
academic hospitals (Figure 1). Centers that declined to
participate cited a lack of comprehensive electronic
databases tracking prescriptions as the main barrier.
One of the 14 participating hospitals represented a
network of affiliated health centers (site 2), rendering
it an outlier in terms of total number of doses pre-
scribed (>3 standard deviations above the mean).

This affiliated network was unable to provide pre-
scribing data separated by hospital and was excluded
from analyses.

In total, data were collected corresponding to 48,806
prescriptions for 209,762 doses of thiamine, provided to
32,213 patients (Table 1). Prescriptions were divided by
route of administration (parenteral vs oral) and prescrib-
ing practices summarized across centers. Rates of
parenteral prescribing varied widely between centers
(maximum = 82.0%, minimum = 33.9%). Overall,
however, parenteral thiamine was prescribed more fre-
quently than oral thiamine, accounting for 57.6% of all
prescriptions (z = 33.59, P < 0.001) and 59.2% of initial
prescriptions issued to patients (z = 168.93, P <0.001).
Oral thiamine constituted a significant majority of the
total doses prescribed (68.4%, z = 168.9; P < 0.001).

The factors associated with higher rates of paren-
teral prescribing were further considered. Rates of
parenteral prescribing were compared between centers
with and without published guidelines governing thia-
mine usage. Eight of 13 hospitals (61.5%) had
hospital-wide protocols that promoted initial adminis-
tration of thiamine via the parenteral route in patients
at risk of deficiency. The presence of a protocol was
associated with significantly higher overall rates of
parenteral prescribing (61.3% with protocol, 45.7%
without protocol; z=29.5; P<0.001). Linear regres-
sion revealed no predictive relationship between the
number of prescriptions issued and the proportion of
parenteral thiamine prescribed across centers (total
prescriptions, standard B 0.38, P = 0.20; Figure 2). A
negative correlation was observed between the pro-
portion of doses prescribed via the parenteral route
and the number of total doses prescribed (standard
B =—0.61, P =0.03), suggesting that centers prescrib-
ing the greatest numbers of doses were less likely to
prescribe parenteral thiamine.

TABLE 1. Thiamine Prescribing Behaviors Within Participating University-Affiliated Centers (1-9) and Affiliated Hos-

pitals (A-D)
All Prescriptions First Prescriptions Doses

Hospital Total Parenteral % Oral % Total Parenteral % Oral % Total Parenteral % Oral %
1A 7,499 66.42 33.58 6,189 66.41 3359 36,032 26.60 73.40
1B* 4312 70.38 29.62 2,314 78.69 21.31 17133 27,61 72.39
1C* 5,805 57.64 42.36 4742 58.10 41.90 30,910 17.12 82.88
¥ 3519 4521 54.73 2,236 59.67 4043 8,037 52.37 47,63
& 5322 60.50 39.50 2,900 57.83 217 22,159 4449 55.51
5 3,857 46.85 5315 2,858 56.37 4363 16,035 33.51 66.49
BA* 6,105 55.46 4454 2,907 55.04 44.96 15,947 44.22 55.78
68 3,127 55.39 44,61 1,710 64.62 35.38 9,048 451 54.89
6C* 2,134 55.62 44.38 1,499 56.24 43.76 10,327 32.33 67.67
6D 617 35.82 64.18 505 34.65 65.35 2,647 35.70 64.30
I 2467 82.00 18.00 1,373 87.40 12,60 9924 59.06 40.94
8 1122 50.98 49.02 694 58.79 a2 3,048 64.73 35.27
9 2,860 33.85 66.15 2,286 19.34 80.66 28,515 1473 85.27
Total 48,806 57.60 4240 32,213 59.23 40.77 209,762 31.56 68.44

NOTE: *Presence of protocol promoting parenteral thiamine prescribing.
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FIG. 2. Effect of total number of prescriptions and total number of doses on the proportion of parenteral thiamine prescribed. Scatter plots show the correlation
between the total number of prescriptions issued (left) and the total number of doses prescribed (right), and the proportion of parenteral thiamine prescribed per

center. Each point corresponds to an individual hospital (N = 13).

The effect of the inpatient practice environment on
prescribing behavior was considered across the 7 cen-
ters for which service-specific prescribing data were
provided (Figure 3). Patients receiving care within
emergency departments or intensive care, general med-
ical or surgical units were more likely to be prescribed
parenteral thiamine (z>3.0, P<0.001), whereas
patients admitted to psychiatry units were more likely
to be prescribed thiamine via the oral route (z =23.7,
P <0.001). No differences were observed between
rates of parenteral and oral prescribing for patients
admitted under medical subspecialty (z= 0.6, P =not
significant) and neurology services (z=3.1, P=not
significant). Pair-wise comparisons for means con-
firmed that patients admitted to the ICU were signifi-
cantly more likely to be prescribed parenteral
thiamine than patients admitted to any other service;
psychiatry inpatients were the least likely to be
prescribed parenteral thiamine (P < 0.001).

A post hoc analysis was used to determine the
service-specific effect of hospital-wide protocols pro-
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FIG. 3. The effect of prescribing service on rates of parenteral prescribing
(N =12,794). **P < 0.001. Abbreviations: ICU, intensive care unit.

moting parenteral prescribing. Protocols were associ-
ated with significantly higher rates of parenteral
prescribing for patients receiving care under all serv-
ices (ICU, z=3.76; medical subspecialties, z =16.07;
general medicine, z = 15.40; neurology, z=7.02; sur-
gery, z=13.19; P <0.001), except psychiatry (z = 2.0,
P =not significant) and those within emergency
departments (z =2.05, P = not significant).

In contrast to the differences in the rates of parenteral
prescribing across centers, quantitative review of the
doses and schedule of thiamine administration revealed a
near-universal approach to prescribing. Overall, 92.7%
(45,266/48,806) of prescriptions were for 100 mg of thia-
mine (z= 188.8, P <0.001); 74.6% (33,551/44,948) of
prescriptions were ordered once daily (z=104.5,
P < 0.001). Thiamine was more likely to be prescribed via
the parenteral route when prescribed in doses of 100 mg
(57.6%, z=32.5, P<0.001) or >200 mg (76.1%,
z=25.51, P<0.001), or when ordered as single doses
(81.5%, z = 64.86, P < 0.001) (Figure 4).

DISCUSSION
The causal relationship between thiamine deficiency
and WE has been recognized since 1941,*® with the
importance of parenteral thiamine replacement in vul-
nerable populations emphasized in numerous case
series,””?" population-based studies,'**"3* and con-
sensus guidelines.'>?° Consistent with guideline rec-
ommendations, thiamine was significantly more likely
to be prescribed via the parenteral route across a large
network of geographically distributed Canadian aca-
demic healthcare centers. Somewhat surprisingly,
however, oral thiamine accounted for 42.4% of all
prescriptions, and a significant majority of doses pre-
scribed to the over 30,000 patients studied. These
findings confirm that oral thiamine continues to be
prescribed to inpatients within Canadian academic
hospitals.

The critical importance of parenteral thiamine
administration for the treatment and prevention of
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FIG. 4. Thiamine prescribing behaviors across hospitals. Percentages of
prescriptions for parenteral thiamine are shown by dose (top, N =28,108)
and frequency (bottom, N = 26,308) prescribed. **P < 0.001. Abbreviations:
BID, twice daily; QD, once daily; TID, 3 times daily.

WE is supported by an understanding of the patho-
physiology of this disease. Wernicke’s encephalopathy
results from brain-thiamine deficiency, leading to a
cellular energy deficit, focal acidosis, regional
increases in glutamate, and cell death.?®*33* Serum
thiamine crosses the blood brain barrier through
active (transporter-mediated) and passive (concentra-
tion-dependent) means.?® It is therefore possible to
drive thiamine into the central nervous system by
establishing high serum thiamine levels. Interestingly,
forward linear regression suggested that the centers
prescribing the largest number of doses were less
likely to prescribe parenteral thiamine. This may
reflect a misguided preference for the use of pro-
longed/frequent courses of oral thiamine for the pre-
vention and/or treatment of thiamine deficiency in
hospitalized patients. Oral absorption of thiamine
occurs within the duodenum by a rate-limited process,
with maximum absorption of 4.5 mg per dose.?® This
rate may be higher in healthy individuals, arguing for
passive and active transport across enterocytes.’> In
sick individuals, however, oral absorption cannot be
relied upon to attain the high serum thiamine levels
necessary to reverse the effects of deficiency, exempli-
fying the importance of parenteral administration in
hospitalized patients.

Protocols promoting parenteral administration of thia-
mine were associated with higher rates of parenteral pre-
scribing across centers, and may represent an effective
and convenient means of effecting prescriber behaviors.
Efforts must be made, however, to identify additional
barriers limiting parenteral thiamine prescribing within
hospitals. One such barrier relates to the identification of
at-risk individuals. Despite advances in biochemical
measures quantifying thiamine deficiency®® and neuroi-
maging studies confirming changes within the brains of
affected patients,>” WE remains a clinical diagnosis. As
such, clinical criteria have been proposed to identify
those at risk of deficiency, with an emphasis on detection
of WE in patients with alcohol-use disorders. Specifically,
guidelines from the Royal College of Physicians advocate
that WE be considered in patients with evidence of alco-
hol misuse, and 1 of the following: (1) acute confusion,
(2) decreased consciousness, (3) ataxia, (4) ophthalmo-
plegia, (5) memory disturbances, and (6) hypothermia
with hypotension.”’ The European Federation of Neuro-
logical Sciences broadens the clinical criteria to include
patients with and without alcohol-use disorders, encour-
aging diagnosis and treatment in individuals with any 2
of the following: (1) dietary deficiencies, (2) oculomotor
abnormalities, (3) cerebellar dysfunction, and (4) altered
mental status or mild memory impairment."> Once
identified, it remains imperative that patients receive
appropriate therapies to reverse thiamine deficiency. To
this end, the results of the present study may be used to
identify potential inpatient populations at risk of
undertreatment.

Psychiatric patients were the least likely to be pre-
scribed parenteral thiamine, regardless of whether
protocols promoting parenteral prescribing were in
place within the study hospital. This observation is
concerning, as psychiatric inpatients may be at risk of
thiamine deficiency due to a confluence of factors
related to mental illness (ie, malnutrition associated
with eating disorders, substance abuse)*"*® and
increased rates of comorbid physical illnesses.>” Low
rates of parenteral prescribing may reflect a number
of service-specific (ie, decreased ease of administration
of parenteral medications) and patient-specific factors
(ie, challenges of maintaining intravenous catheter
access in acutely ill psychiatric patients) that are not
adequately addressed by hospital-wide protocols.
Alternatively, lower rates of parenteral prescribing
may reflect a systematic preference for the use of oral
thiamine in a patient population perceived to be at
lower risk of thiamine deficiency. Although oral thia-
mine has been shown to be effective in correcting thia-
mine deficiency in a group of community-dwelling
elderly patients without clinical symptoms or signs
suggesting WE (ie, subclinical thiamine deficiency),*
it remains to be determined whether a similar treat-
ment strategy can be endorsed in select inpatients
with subclinical deficiency, in whom oral absorption
and compliance can be reasonably assured.
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Randomized control trial evidence supporting specific
doses and schedules for administration of parenteral thi-
amine is not available.>*** Accordingly, uncertainty
exists concerning the doses and frequency of administra-
tion of thiamine required to prevent or reverse suspected
WE. Despite this uncertainty, the dose and schedule of
thiamine prescribed in our study population was remark-
ably uniform, with thiamine most commonly prescribed
in 100-mg doses once daily. Similar findings were
reported in a retrospective study considering thiamine
prescribing to 217 patients with alcohol-use disorders
admitted to an urban US teaching hospital: 76.9% of
inpatients were prescribed 100-mg daily doses of thia-
mine."” Interestingly, no differences in prescribing
behaviors were noted when high-risk patients presenting
with alcohol intoxication, withdrawal, or delirium tre-
mens were considered separately, suggesting that
patient-specific factors had little impact on the dosing
strategy endorsed by clinicians.'”

Although pervasive, the provision of 100 mg of thi-
amine daily is not supported by biochemical or clini-
cal studies.”” On the contrary, clinical-pathological
studies suggest that doses of thiamine between 50 and
100 mg per day may not be sufficient to reverse clini-
cal signs or prevent death in patients with WE,
whereas doses up to 250 mg may not reverse the
biochemical abnormalities associated with clinically
significant deficiency.'®*"** Such rationale is cited in
support of consensus recommendations promoting
administration of high doses of parenteral thiamine
for the treatment of WE (200 or 500 mg, provided 3
times daily).'>*° As this project illustrates, however,
rational, well-justified guidelines are not enough to
transform clinical practice.

The limitations of consensus guidelines and hospital-
specific protocols promoting thiamine prescribing have
been explored in other specialty*® and hospital environ-
ments.*** These studies offer several insights into the
factors that may contribute to the disparity between rec-
ommended and real-world practices, including continued
under-recognition of malnourished hospitalized patients
at risk of thiamine deficiency,"”*™’ variations in
consensus-based guidelines governing thiamine prescrib-
ing,">?° and challenges in communication of protocol
rationales and recommendations.***® Together, these
findings exemplify the need for additional strategies
aimed at improving parenteral prescribing in vulnerable
hospitalized populations. The proliferation of computer-
ized physician order entry and clinical decision support
systems may offer the opportunity to effect prescribing
behaviors, with the possibility of specifying routes and
doses of thiamine administration in accordance with
guidelines,*” without the requirement for dedicated mon-
itoring and personnel-driven interventions.

Limitations
By design, our study was limited to the assessment of
thiamine-prescribing data obtained directly from
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computerized pharmacy information systems. Conse-
quently, only the minimum details required to safely
prescribe a medication were captured. As a result, we
were unable to evaluate the potential effect of patient-
specific factors (including clinical diagnosis) on pre-
scriber behaviors. Thus, it remains possible that pre-
scribing behaviors varied according to perceived
patient risks in our study population. An additional
limitation relates to the generalizability of results
beyond academic hospitals in Canada. We suggest,
however, that potential concerns relating to generaliz-
ability are counterbalanced by 2 advantages inherent
within our study population. The first is that the
majority of community-based clinicians are trained
within university-affiliated hospitals. As a result, pre-
scribing behaviors measured in these training centers
should reflect optimal behaviors within downstream
networks of community hospitals. The second is that
the recruitment of hospitals funded by a universal
single-payer served to minimize variability in prescrib-
ing behaviors attributable to prescriber and patient
concerns regarding reimbursement, thus providing a
more accurate assessment of prescriber behaviors
based on clinical evidence, independent of financial
factors.

Acknowledging these limitations, we assert that par-
enteral administration of thiamine remains the best
means of rapidly correcting thiamine deficiency, and
should be considered for the treatment of clinically
relevant thiamine deficiency in hospitalized patients.
This recommendation effectively balances the poten-
tially deleterious consequences of undertreatment of
thiamine deficiency, with the favorable risk- and cost-

profile associated with the administration of paren-
teral thiamine,'3-20-23:27-50:31

CLINICAL AND RESEARCH IMPLICATIONS

In an era of overuse of vitamin supplementation,’” it

is increasingly important for healthcare providers to
recognize not only when vitamin supplementation is
required, but also how replacement therapies should
be delivered. As shown in this study, protocols pro-
moting the use of parenteral thiamine may improve
overall compliance with recommendations. However,
additional strategies are required to further improve
rates of parenteral prescribing to hospitalized patients
at risk of thiamine deficiency.
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