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Abstract

Purpose—Alcohol-use disorders (AUDs) have been associated with increased sepsis-related
mortality. As patients with AUDs are often thiamine deficient, we investigated practice patterns
relating to thiamine administration in patients with AUDs presenting with septic shock and
explored the association between receipt of thiamine and mortality.

Materials—We performed a retrospective cohort study of patients presenting with septic shock
between 2008 and 2014 at a single tertiary care center. We identified patients with an AUD
diagnosis, orders for microbial cultures and use of antibiotics, vasopressor dependency, and lactate
levels = 4 mmol/L. We excluded those who received thiamine later than 48 hours of sepsis onset.

Results—We included 53 patients. Thirty-four (64%) patients received thiamine. Five patients
(15%) received their first thiamine dose in the emergency department. The median time to
thiamine administration was 9 (quartiles: 4, 18) hours. The first thiamine dose was most often
given parenterally (68%) and for 100 mg (88%). In those receiving thiamine, 15/34 (44%) died,
compared to 15/19 (79%) of those not receiving thiamine, p = 0.02.

Conclusions—A considerable proportion of patients with AUDs admitted for septic shock do
not receive thiamine. Thiamine administration in this patient population was associated with
decreased mortality.
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INTRODUCTION

Alcohol use disorders (AUDs) and septic shock are both significant contributors to
morbidity and mortality worldwide.[1, 2] Previous studies have shown AUDs to be
associated with an increased incidence of sepsis and sepsis-related mortality.[3-5]

Thiamine (vitamin B1) is an essential co-factor for pyruvate dehydrogenase (PDH) and
alpha-ketoglutarate, without which glucose cannot enter the Krebs-Cycle.[6, 7] Inadequate
PDH function halts mitochondrial aerobic metabolism, forcing energy production to proceed
via anaerobic metabolism. This metabolic derangement may lead to refractory acidosis,
cardiovascular collapse, and potentially death.[8-11]

Several studies have found thiamine deficiency to be prevalent in both critically ill patients
and patients with AUDs.[12, 13] A recent prospective randomized trial from our group
illustrated that many septic shock patients without AUDs are thiamine deficient and that
thiamine administration may be able to reduce mortality in this deficient population.[13]
Septic shock is known to cause PDH inhibition resulting in impaired cellular oxygen
utilization, lactate elevation, and acidosis, similar to what is seen for thiamine deficiency
alone.[14, 15] While guidelines surrounding thiamine administration exist to prevent
devastating neurologic sequelae in patients with AUDs (i.e. the Wernicke-Korsakoff
syndrome), thiamine deficiency in critically ill patients with AUDs may go unrecognized.
[16, 17]

The objectives of the current study were to (1) investigate practice patterns at our institution
as they relate to thiamine administration in patients with AUDs presenting with septic shock,
and (2) determine if those not receiving thiamine have increased mortality compared to those
receiving thiamine.

MATERIALS AND METHODS

Study design and data source

This was a retrospective cohort study of septic shock patients admitted to the intensive care
unit (ICU) at Beth Israel Deaconess Medical Center (BIDMC), an urban tertiary care center
in Boston, Massachusetts, USA, between January 2008 and December 2014. Patient data
was extracted from archived local electronic medical records using Microsoft SQL, a
structural querying language used to host and manage data. Reasons for death were
determined via individual chart review based on prior work.[18] The study was approved by
the Institutional Review Board at Beth Israel Deaconess Medical Center.

Study population

We included adult patients (= 18 years at time of admission) with septic shock and an ICD-9
code (see Table S1 in the Supplement) for AUDs or AUD-attributable conditions as defined
by the Centers for Disease Control and Prevention.[19] Septic shock was defined as
vasopressor dependence (defined as any continuous intravenous infusion [i.e. not a bolus] of
norepinephrine, phenylephrine, dopamine, vasopressin, and/or epinephrine), a lactate above
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4 mmol/L within 4 hours of vasopressor use, and a suspected infection based on documented
initiation of antibiotics and orders for any microbial culture within 24 hours of hospital
admission.[20] We included only patients admitted to the intensive care units. Although the
Sepsis I11 definitions of septic shock include a lactate of = 2 mmol/L[20], a lactate threshold
of 4 mmol/L was chosen a priori to enrich the population with patients most likely to exhibit
thiamine deficiency.[12] We excluded non-index events and patients with seizures during
their hospital stay based on ICD-9 codes[21, 22], since seizures are a cause of elevated
lactate and common in alcoholics.[23] Moreover, we excluded patients who received
thiamine prior to the development of septic shock determined by review of Emergency
Department (ED) drug administration records, and those who received thiamine = 48 hours
of sepsis onset to limit the extended potential exposure time for patients who survive the
initial septic insult and subsequently have long hospital stays. Hospital-free days and ICU-
free days were defined as days alive and not requiring hospitalization or intensive care until
day 28, respectively. Patients who expired before day 28 were assigned a score of zero days.

Statistical methods

Descriptive statistics were used to characterize the study population and to calculate the
proportion of septic shock patient with AUDs who received thiamine. Categorical variables
are presented as counts with frequencies, and continuous variables as medians with 15t and
3" quartiles. Continuous data were compared between the groups using Wilcoxon rank sum
test and categorical data were compared between groups using Fisher’s exact test. All
analyses were two-sided with a significance level of p < 0.05. Statistical analyses were
conducted using STATA, version 14 (College Station, TX, StataCorp LP, USA).

RESULTS

Out of 1,380 patients with a suspected infection and AUD diagnosis, 53 patients met all
inclusion and no exclusion criteria and were included in the final cohort (Figure 1). The
median age was 57 (quartiles: 46, 67) years, and 64% were male. Patient characteristics
were similar between groups (Table 1), except for a significant difference in platelets (p =
0.04).

Thirty-four (64%) patients received thiamine. In those receiving thiamine, the median time
from hospital admission to first thiamine administration was 9 (quartiles: 4, 18) hours.
Twenty-nine patients (85%) received their first thiamine dose in the ICU, and five patients
(15%) in the ED. Six (18%) patients only received a single dose of thiamine. The median
number of thiamine administrations per hospital stay was 4 (quartiles: 3, 8). The most
commonly prescribed dose of thiamine was 100 mg accounting for 88% of the initial doses
and 97% of the total doses. Parenteral thiamine accounted for 68% of the initial doses and
33% of the total doses administered, while oral thiamine accounted for the remaining doses.

The overall mortality was 30/53 (57%). Refractory shock was the overall most common
(37%) reason for death. We found a significantly lower mortality for those receiving
thiamine compared to those not receiving thiamine (15 [44%] vs. 15 [79%], p = 0.02, Table
2). The median time to death was 64 [IQR: 26 — 148] hours in the non-thiamine group, and
68 [quartiles: 40, 143] hours in the thiamine group. We found no statistically significant
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difference between the thiamine and non-thiamine group for hospital-free days (12 [0, 19]
vs. 18 [13, 19] days, p = 0.36, Table 2) and ICU-free days (21 [17, 24] vs. 21 [20, 24] days,
p = 0.71, Table 2) during the first 28 days after hospital admission among those who
survived to hospital discharge. Patient characteristics of survivors and non-survivors are
provided in Table S2 in the Supplement.

DISCUSSION

In this retrospective observational pilot study, we found that thiamine was administered in
64% of patients with an AUD and septic shock, and that those who received thiamine had
lower mortality compared to those who did not receive thiamine. Among patients who
receive thiamine, the median time to first administration was 9 hours and just 15% received
thiamine in the ED.

To our knowledge, this is the first descriptive study of thiamine administration in patients
with AUDs and septic shock. Chronic alcohol consumption combined with critical illness
has previously been shown to be associated with worse outcomes, including an increase in
the risk for sepsis, multiple organ dysfunction, and acute respiratory distress syndrome.[3] In
2007, O’Brien et al. studied 11,651 patients admitted to the ICU and found alcohol
dependence to be associated with higher rates of sepsis (12.9% vs. 7.6%, p < 0.001) and
sepsis-related mortality (9.4% vs. 7.5%, p = 0.02).[3]

In the current study, we found a significant difference in mortality between those receiving
thiamine compared to those not receiving thiamine. In a recent prospective randomized trial,
our group found that a sub-group of septic patients with thiamine deficiency had lower
mortality over time when randomized to thiamine as compared to placebo.[13] In the
population of septic shock patients meeting the inclusion/exclusion for that trial, 35% were
thiamine deficient despite the intentional exclusion of those with AUDs. Even though
thiamine has minimal harmful effects, low cost, and known neurologic benefits, our data
suggests that thiamine administration to AUD patients may be overlooked when patients
present with septic shock.

The high number of patients at our facility who did not receive thiamine was somewhat
unexpected given that our group has advocated for thiamine and conducted extensive
research in this area for over a decade.[12, 13] This selection bias could have skewed our
results toward higher thiamine administration rates than other institutions. Guidelines in both
Europe[16] and the United States[24] recommend treatment with thiamine to prevent
neurologic complications in patients with AUDs. However, there are no clear consensus
surrounding the dosage, timing, or route of administration, and there are no standardized
guidelines for management of alcohol withdrawal in critically ill patients. We speculate that
the failure to administer thiamine in critically ill patients may be related to a shift in
clinician focus toward the septic insult and away from the AUD history.

Our data on administration frequency, dosage amount, and administration route are largely
consistent with that of research in patients with evident alcohol abuse[25], only our study
differed in that the patient population was critically ill and had high mortality. European
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guidelines suggest provision of 200 mg or 500 mg parenteral thiamine three times daily,
however the optimal dosage of thiamine remains unknown and the 100 mg dosage is
traditional in the United States.[16, 26] Given that patients in our study had septic shock and
were on vasopressors (which may alter intestinal uptake), the use of oral thiamine in 32% of
cases is notable.

Our findings should be interpreted in the context of the study limitations. First, a potential
problem when assessing mortality in observational studies is that of immortal time bias,
which states that patients with early death may exaggerate the mortality benefit of the
treatment since they must survive long enough to receive or not receive treatment.[27] We
have attempted to partly mitigate this effect by excluding patients who received thiamine
later than 48 hours from admission. Further adjustment for this potential bias was not
possible given the small sample size. Second, while the groups appeared to have similar
levels of illness severity based on data in Table 1, the possibility remains that there were
differences in illness severity between groups — given the small sample size and no apparent
difference between groups, we did not control for severity of illness. Third, there is a
possibility that some eligible patients may have been missed due to reliance on ICD-9 codes
to identify patients with AUDs. Fourth, our data is derived from a single center, which limits
generalizability to other settings. Finally, the effect of thiamine on all-cause mortality may
have been biased by unmeasured and measured factors. Due to above limitation, the
retrospective design, and the small sample size from a single institution our findings should
be interpreted with caution and be considered exploratory.

CONCLUSION

In conclusion, we found that a considerable proportion of patients at our institution with
AUDs admitted for septic shock do not receive thiamine and the strong majority do not
receive any in the ED setting. Further, failure to receive thiamine was associated with
increased mortality in this population, though the sample size prohibited adjustment for
potential confounders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Many patients with alcohol-use-disorders and septic shock do not receive
thiamine
. Thiamine was most often given in the ICU, rather than the emergency
department
. Failure to receive thiamine may be associated with increased mortality
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1,380 Patients with suspected
infection and alcohol-use-disorder

1,230 Not meeting inclusion criteria

492 Not admitted to intensive care unit
= 470 Not vasopressor dependent
268 Not lactate above 4 mmol/L

Y

150 Patients meeting all
inclusion criteria

97 Meeting exclusion criteria
62 Seizures during hospital stay
L= 25 Not vasopressor dependent within 48
hours of hospital admission
10 Received thiamine beyond 48 hours

Y

53 Patients meeting all inclusion
criteria and no exclusion criteria

Figure 1. Flow diagram for inclusion and exclusion criteria
Out of 1,380 patients with a suspected infection, 53 patients met all inclusion and no

exclusion criteria.
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Table 1
Patient characteristics?
Thiamine No Thiamine P-value
n=34 n=19
Demographics
Age (years) 57 (49, 64) 62 (44, 68) 0.74
Gender (female) 11 (32) 8 (42) 0.56
Race (white) 23 (68) 10 (53) 0.47
Body mass index (kg/m?) 28 (22, 33) 25 (24, 26) 0.19
Alcohol use disorders?
Alcohol dependence syndrome 26 (76) 13 (68) 0.53
Alcoholic liver disease 22 (65) 11 (58) 0.77
Alcohol-induced mental disorders 5 (15) 0(0) 0.15
Alcoholic cardiomyopathy 0 (0) 1(5) 0.36
Co-morbidities
Heart failure 5 (15) 2(11) 1.00
Hypertension 18 (53) 8 (42) 0.57
Diabetes 8 (24) 5 (26) 1.00
Renal disease 3(9) 3(16) 0.65
Liver disease 23 (68) 11 (58) 0.56
COPD 7(21) 2(11) 0.46
Laboratory values
Hemoglobin (g/dL) 11.0(10.2,13.5) 10.7(8.1,13.8) 0.83
White blood cells (103) 10.8(5.2,14.0)  11.7(9.0,17.0) 0.17
Bicarbonate (mEq/L) 15 (11, 19) 16 (12, 21) 0.43
Lactate (mmol/L) 7.1(5.2,10.2) 7.9(55,105)  0.67
Platelets (10°) 92 (53, 159) 178 (80, 280) 0.04
Creatinine (mg/dL) 2.0(1.1,31) 1.6 (1.3,3.5) 0.60
Glucose (mg/dL) 119 (83, 170) 133 (103,202) 0.37
Potassium (mEg/L) 4.2(3.7,4.7) 4.4 (3.8,4.9) 0.56
AST (IU/L) 153 (34, 611) 131(39,206)  0.84
ALT (IU/L) 49 (20, 174) 64 (34, 91) 0.59
Bilirubin (mg/dL) 4.2(1.0,8.7) 1.9 (0.7, 5.4) 0.50
Interventions/Vital signs
Intubated 27 (79) 18 (95) 0.23
SOFA score 11 (8, 16) 12 (10, 13) 0.54

Page 10

a . . . . . . L . .
Categorical variables are presented as count (frequency) and continuous variables as median (quartiles). Abbreviations: COPD, chronic obstructive

pulmonary disease; AST, aspartate transaminase; ALT, alanine transaminase; SOFA, sepsis-related organ failure assessment.

b .. . . . .
Patients may have more than one diagnosis of alcohol use disorder (see Table S1 in the Supplement).
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Table 2

Clinical outcomes for the thiamine and non-thiamine group

Thiamine  No thiamine P value
Full cohort n=34 n=19
Mortality? 15 (44) 15 (79) .02
Survivors n=19 n=4
Hospital-free daysb 12 (0, 19) 18 (13, 19) .36
Intensive care unit-free daysf¢ 21 (17,24)  21(20,24) 71

a
Presented as count (frequency)

Page 11

Presented as median (quartiles). Hospital-free days and intensive care unit-free days were defined as days alive and not requiring hospitalization or
intensive care until day 28, respectively.

DAII non-survivors died prior to ICU discharge
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