
Copyright © 2016 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Review Article

Critical Care Medicine www.ccmjournal.org 1545

Objective: Patients with a chronic alcohol use disorder presenting 
to the ICU may be deficient in important vitamins and electrolytes 
and are often prescribed a “banana bag” as a reflexive standard of 
therapy. The difficulty of diagnosing Wernicke’s encephalopathy 
in the critical care setting is reviewed. Furthermore, whether the 
contents and doses of micronutrients and electrolytes in standard 
banana bags meet the needs of critically ill patients with an alco-
hol use disorder is assessed based on available evidence.
Data Source: MEDLINE/PubMed (1966 to June 2015) database 
search, the Cochrane Database of Systematic Reviews, and man-
ual selection of bibliographies from selected articles.
Study Selection and Data Extraction: Articles relevant to Wer-
nicke’s encephalopathy, vitamin and electrolyte deficiencies in 
patients with alcohol use disorders, and alcoholic ketoacidosis 
were selected. Articles were narratively synthesized for this review. 
Data Synthesis: Of these deficiencies, thiamine is the most impor-
tant for the practicing clinician to assess and prescribe replace-
ment in a timely manner. Based on a pharmacokinetic assessment 
of thiamine, the banana bag approach likely fails to optimize 
delivery of thiamine to the central nervous system. Folic acid and 
magnesium may also merit supplementation although the avail-
able data do not allow for as strong a recommendation as for 
prescribing thiamine in this setting. There is no available evidence 
supporting the prescription of a multivitamin.

Conclusions: Based on the published literature, for patients with a 
chronic alcohol use disorder admitted to the ICU with symptoms 
that may mimic or mask Wernicke’s encephalopathy, we suggest 
abandoning the banana bag and utilizing the following formula for 
routine supplementation during the first day of admission: 200–
500 mg IV thiamine every 8 hours, 64 mg/kg magnesium sulfate 
(approximately 4–5 g for most adult patients), and 400–1,000 μg 
IV folate. If alcoholic ketoacidosis is suspected, dextrose-contain-
ing fluids are recommended over normal saline. (Crit Care Med 
2016; 44:1545–1552)
Key Words: alcohol; alcohol use disorder; critical care; electrolytes; 
folic acid; ketoacidosis; magnesium; multivitamin; thiamine; 
Wernicke’s encephalopathy

Patients with a chronic alcohol use disorder (AUD) who 
present with acute illness often exhibit deficiencies in 
essential vitamins and nutrients (1). Clinicians in the ICU 

are often challenged by identifying these disease states in critically 
ill patients. Neurologic manifestations of deficiencies are often 
obscured by the nature of the patient’s critical illness and/or ther-
apies used early in the ICU stay, such as sedation. In the United 
States, patients with a suspected AUD are often empirically pre-
scribed “banana bags” or “rally packs” at admission to the ICU. 
This prescription typically consists of 1 L of IV fluid infused over 
24 hours and commonly contains some combination of 100 mg 
of thiamine, 1 mg of folic acid, 1–2 g of magnesium, and a multi-
vitamin formulation in either normal saline (NS) or dextrose in 
water (D

5
W) solutions. The multivitamin, along with folic acid, 

gives the banana bag its characteristic yellow hue.
In this review, we examine the common vitamin and electro-

lyte deficiencies in patients with AUDs and re-examine whether 
the current standard of care (i.e., banana bags) meets the needs 
of critically ill patients with an AUD based on the available evi-
dence. MEDLINE/PubMed (1966 to June 2015) was searched 
with a combination of the following search terms: ethanol, 
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alcohol, thiamin*, vitamin B1, Wernicke*, encephalopathy, with-
drawal, magnesium, electrolyte, folic acid, folate, multivitamin, 
and ketoacidosis. The Cochrane Database of Systematic Reviews 
was searched with similar terms. Articles were manually selected 
from the reference lists of certain articles as applicable.

THIAMINE
Wernicke’s encephalopathy (WE) and Korsakoff syndrome 
(KS) are linked disease states that complicate the care of 
patients with a chronic AUD. The classic triad of WE symp-
toms includes mental status changes, ophthalmoplegia, and 
ataxia. Other symptoms can include hypothermia, vestibular 
dysfunction, and nystagmus. Approximately 80% of patients 
with acute WE develop KS, which is typified by persistent 
memory deficits including anterograde and retrograde amne-
sia, often accompanied by confabulation (2).

Thiamine is commonly administered for the prevention or 
treatment of WE/KS (3). If symptoms of WE are not promptly 
recognized, or if thiamine dosing is inadequate, irreversible 
structural changes in the brain may result. This may lead to 
the development of short-term memory loss (4). In the criti-
cally ill, determining the actual risk of thiamine deficiency in 
patients with a vague history of an AUD or those with an acute 
intoxication can be difficult; the line between prophylaxis and 
treatment often blurs.

Although autopsy studies suggest a prevalence of WE of 
12.5% in alcoholics, it is likely underrecognized in the ICU (5). 
The most common reported clinical manifestation in a nec-
ropsy study of 131 cases of WE/KS was altered mental status, 
a frequent and nonspecific finding among ICU patients with a 
myriad of possible explanations (sepsis, hypoxia, stroke, intoxi-
cation, encephalopathy, and sedation among others) (6). Only 
20% of patients had received a clinical diagnosis despite the fact 
that the majority of patients had been seen in a hospital toward 
the end of their life (6). Similarly, only 10% of patients with 

structural changes associated with WE manifested the complete 
classic triad of symptoms (4, 6). Although generally considered 
a rare presentation of WE, one autopsy study revealed 11 of 36 
patients with WE presented with coma. None of these patients 
carried the diagnosis prior to death (7). It has also been sug-
gested the pathogenesis of alcoholic cerebellar degeneration 
may be similar to WE (8). These findings have led some authors 
to propose that 1) traditional diagnostic criteria for WE may 
be too rigid and 2) a subclinical form of WE exists that, with 
repeated episodes, could result in similar pathology as seen 
with classic WE/KS (6). The relative lack of availability and pro-
longed turn-around time of a thiamine assay mandates prompt 
clinical recognition and treatment of thiamine deficiency (4). 
Recently, the European Federation of Neurological Societies 
(EFNS) endorsed diagnostic criteria for WE/KS derived from 
a retrospective cohort study of alcoholics (3, 9). Two of the fol-
lowing four features must be present: nutritional deficiency, 
ocular abnormalities, ataxia (cerebellar dysfunction), or mental 
status changes or memory impairment (9). Nutritional defi-
ciencies and altered mental status occur in virtually all patients 
with a severe AUD admitted for intensive care.

Determining the extent and impact of WE in modern 
healthcare, especially among the critically ill, remains a chal-
lenge. However, to illustrate the point of an increasing recogni-
tion of WE, a MEDLINE/PubMed search from 1990 to 2014 
using the terms “Wernicke*” and “encephalopathy” was under-
taken. Results were limited to the English language, filtered to 
case reports only, and categorized by year (Fig. 1). Not all of 
these cases are due to alcohol, and the number of published case 
reports is certainly an inaccurate surrogate for prevalence of a 
disease state, but this does illustrate the increasing recognition 
of WE as a significant problem in multiple patient populations, 
including those with an AUD. It has previously been estimated 
that greater than 95% of WE cases are secondary to AUDs (10). 
The exact number of missed clinical and subclinical cases of 

WE is unknown, but based 
on necropsy studies from past 
decades, history would suggest 
that it is underdiagnosed.

The mechanisms by which 
thiamine deficiency disrupt 
metabolism are illustrated 
in Figure 2. In the thiamine-
depleted state, the impairment 
of the thiamine-dependent 
enzyme transketolase disrupts 
the pentose phosphate path-
way and impairs myelin sheath 
maintenance, lipid and glucose 
metabolism, and branched 
chain amino acid production. 
The conversion of pyruvate 
to acetyl coenzyme A is also 
reduced, increasing lactic acid 
production. Finally, thiamine 
is required as a co-factor for Figure 1. Published cases of Wernicke’s encephalopathy by year in MEDLINE/PubMed.
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the conversion of α-ketoglutarate to succinate in the Krebs 
cycle, which may result in shunting the cycle to glutamate 
production, free radical production, and neuroexcitotoxicity. 
The disruption of the Krebs cycle results in reduced adenos-
ine triphosphate (ATP) production and cell deficit, which 
in concert with the above mechanisms, ultimately results in 
cell death (4). These overwhelming metabolic demands on 
thiamine-depleted cells may be increased in a state of criti-
cal illness. Whole-body stores of thiamine are approximately 
30–50 mg, with a required daily intake of 1.5 mg (10). Patients 
with a significant AUD are at risk for thiamine deficiency due 
to decreased dietary intake, impaired absorption from the gas-
trointestinal tract, and decreased conversion to its active phos-
phorylated form (11).

For patients requiring ICU admission, a strong argument 
can be made against the use of oral thiamine due to its poor 
bioavailability. In healthy volunteers, the maximum amount of 
thiamine absorbed approximates 4.5 mg (from a 30-mg dose). 
Once the dose exceeds 30 mg, no further absorption occurs due 
to the rate-limited absorption process (10). Alcoholics exhibit 
reduced thiamine absorption resulting in serum levels 30–98% 
below the lower limit of normal (10). Given the bioavailability 
of enteral thiamine is already low, the additional barriers to thi-
amine absorption in alcoholics would suggest the absorption is 
even lower in the severely depleted. For example, one group 
has proposed that a regimen of 100 mg oral tid would result in 
absorption that is one-third or less that of healthy subjects, or 
approximately 5 mg in a 24-hour period, which is inadequate 
for those with severe deficiencies (4). Oral thiamine, when 

compared with IV thiamine, failed to increase cerebrospinal 
fluid (CSF) levels of thiamine or transketolase activity in red 
blood cells (12). As such, enteral thiamine has no role in the 
treatment of patients with an AUD early in the ICU stay.

The optimal dosing of thiamine in patients at risk of WE/
KS has been a subject of substantial debate, in part, due to the 
lack of randomized, controlled trials. The argument for higher 
dosing is based on the premise that thiamine is transported into 
the brain by both an active, saturable mechanism and a passive 
mechanism, making a steep concentration gradient between the 
serum and the central nervous system (CNS) an attractive goal 
of dosing (4). The active rate-limited transfer of thiamine across 
the blood-brain barrier occurs at a rate of 0.3 μg/hr/g of brain 
tissue, which is equivalent to the level of brain thiamine turnover 
(10). Although active transfer may be enough to meet cerebral 
needs under normal conditions, it may be inadequate in criti-
cally ill thiamine-depleted patients. Passive absorption across 
the blood-brain barrier normally constitutes less than 10% of 
the total thiamine transport in animal models, necessitating 
high levels of thiamine in the blood to optimize the diffusion 
process (13). Genetic predisposition, as well as potential alcohol 
toxicity to the apoenzyme system, may also lead to the require-
ment for higher parenteral doses seen in some alcoholics (14).

The 100-mg dose in most banana bags is reported to have 
been chosen arbitrarily by two authors in the 1950s based on 
their approximation of what represented a high dose of thia-
mine (2). For patients with confirmed WE, this dose is typi-
cally ineffective. In a necropsy series of WE patients, 10% of 
patients that died in-hospital were receiving thiamine, arguably 

Figure 2. Mechanisms of neurotoxicity in Wernicke’s encephalopathy. Adapted from Thomson et al (4) with permission. Adaptations are themselves 
works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original 
work and from the owner of copyright in the translation or adaptation. GABA = gamma-aminobutyric acid.
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at insufficient doses (6). In a landmark series in Boston, treat-
ment of patients with confirmed WE with 50–100 mg of 
parenteral thiamine resulted in only 16% of patients having 
a complete recovery, whereas 84% of the cohort went on to 
develop KS and suffered from significant long-term impair-
ments (15). Therefore, evidence suggests that commonly used 
doses may be suboptimal and may not adequately replete body 
stores, improve clinical signs and symptoms, or prevent mor-
tality (6, 8, 16). Some reports document required doses of up 
to 1 g of thiamine for WE within the first 24 hours (17, 18).

As the use of these time-honored remedies is re-addressed, new 
data must be taken into account, particularly pharmacokinetic 
data. Thiamine is rapidly eliminated from plasma into the urine, 
has a plasma half-life of approximately 1.5 hours, and returns to 
initial levels within 6–12 hours following a single 50-mg IV dose 
(19). Extrapolating the pharmacokinetics of thiamine administra-
tion in healthy volunteers to the critically ill suggests that dosing 
intervals of every 8–12 hours may optimize levels for blood-brain 
barrier transport. Therefore, the banana bag as it is traditionally 
administered may not allow for passive absorption of thiamine 
into the CNS at all given the constant rate of infusion.

The minimum dose of thiamine appears to be at least 200 mg 
daily for patients with suspected or proven WE (Table 1). The 
Royal College of Physicians report recommends more than 
500 mg of thiamine qd or bid for 3–5 days for the prevention or 
treatment of WE in alcoholic patients, with the acknowledge-
ment that the data for this dose come from uncontrolled trials 
and empirical clinical practice (4, 8, 20). The EFNS, in contrast, 
recommends 200 mg tid in suspected or manifested WE (3).

The dose of thiamine may impact not only mortality but 
also memory function of ICU survivors admitted with severe 
deficiency. Alcoholics who presented without the clinical triad 
of WE undergoing detoxification were studied in a random-
ized double-blind multidose study of thiamine (21). This trial 
represents the only randomized trial identified by a Cochrane 
review investigating thiamine in WE (22). The results suggest a 
relationship between thiamine dose and working memory per-
formance, indicating at least 200 mg of intramuscular thiamine 
daily may be required to improve symptoms (21). Although 
one study suggested a more prolonged IV infusion resulted in 
improved utilization of thiamine throughout the dosing inter-
val when compared with an IV bolus, this study failed to look 
at CSF levels of thiamine and to optimize the concentration 
gradient for passive diffusion of thiamine into the CSF (23).

The fear of anaphylaxis associated with parenteral thiamine 
remains an exaggerated largely unfounded concern. In a pro-
spective study of 989 patients given 100 mg of thiamine as a 
bolus injection, no occurrences of anaphylaxis were noted (24). 
The same authors later reported a retrospective series in which 
over 300,000 patients had received parenteral thiamine with-
out significant issue (25). In the United Kingdom, the rate of 
anaphylaxis was estimated to be 1 in 250,000 administrations 
(8). An infusion, as opposed to bolus injection, may further 
lessen the likelihood and severity of an anaphylactoid reaction 
(8). As with any medication, rare cases of anaphylaxis may be 
seen; therefore, appropriate precautions should be taken (26).

A final point of discussion involves the classic teaching to 
administer thiamine prior to glucose. Theoretically, administer-
ing a glucose load in the setting of inadequate thiamine stores 
may shut down the pyruvate to acetyl coenzyme A conversion, 
limiting glycolysis and the link to the Krebs cycle, which may 
precipitate the development of WE (27). For a thorough review, 
readers are referred to an excellent comprehensive literature 
review by Schabelman and Kuo (27). In this review of the lit-
erature, the authors found that animal data best support this 
teaching, as thiamine-deficient rats given infusions of glucose 
demonstrated changes in brain imaging in as little as 40 minutes 
(28, 29). However, case reports of this phenomenon in humans 
are less clear with regard to the importance of timing and 
amount of glucose. The most cited reference for this phenom-
enon in humans appears to be a case series of four patients pub-
lished in the early 1980s; however, as pointed out by some critics, 
none of these cases resulted in an acute conversion/worsening of 
WE following the acute administration of glucose (30, 31). Case 
reports describing this phenomenon have generally involved at 
least 1–2 L of dextrose or more, and occurred 24 hours or more 
after the administration of glucose (27). Given the substantial 
harms of hypoglycemia and conflicting literature to date regard-
ing the administration of thiamine prior to glucose, we do not 
suggest that glucose administration be delayed in a hypoglyce-
mic patient with an AUD while awaiting the preparation and 
administration of thiamine. As prolonged glucose administra-
tion, but less likely acute glucose administration, may be associ-
ated with the worsening of WE, thiamine administration should 
occur as soon as possible following the consideration of WE on 
the differential diagnosis.

At least one group of authors has questioned whether the 
intensive care community is giving adequate attention to thia-
mine as a prophylaxis for delirium, particularly in the trauma 
population (32). WE may mask itself as a “wolf in sheep’s cloth-
ing” within the context of ICU delirium, a ubiquitous condition 
in critical care, and may delay appropriate treatment (33). Even 
in the context of modern day care, failures to appropriately 
identify and utilize appropriate doses of thiamine to treat WE 
remain documented (34–36). Given the difficulty of diagnosis, 
the poor prognosis associated with delayed recognition and 
inadequate treatment of WE, and minimal drug-drug interac-
tions and adverse effects of thiamine, these authors believe the 
risk-benefit favors taking thiamine out of the banana bag and 
administering at treatment doses of 200–500 mg every 8 hours 
for at least 72 hours or until WE is ruled out.

FOLATE
Folate is necessary for DNA synthesis and the production 
of normal erythrocytes among a variety of other functions. 
Dietary folate consumption is necessary for adequate folate 
stores, as in vivo synthesis does not occur in humans. Defi-
ciencies in folate may result in several consequences, including 
megaloblastic anemia, and many of the neurologic sequelae 
of alcohol withdrawal such as confusion, sleep disturbances, 
depression, and psychosis (37). Low folate concentrations may 
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also be associated with hyperhomocysteinemia, which may 
increase the risk of seizures in alcohol withdrawal (37).

Individuals who consume alcohol chronically may pres-
ent with a folate deficiency due to poor dietary intake. Folate 
is typically absorbed in the duodenum via specific transporters. 
Alcohol intake inhibits folate absorption by reducing association 
with the folate transporter, as well as decreasing the expression 

of transporters in the small intestine (38). Even if the patient 
with a chronic AUD has adequate dietary intake, it is likely that 
much of the folate ingested will not be effectively absorbed.

Diminished folate concentrations have been associated 
with alcohol withdrawal syndromes in at-risk individuals 
and supplementation of folate seems advisable in patients 
with a chronic AUD (37). However, the optimal dose is not 

TAbLE 1. Recommendations for Supplementation in Critically Ill Patients With Alcohol Use 
Disorders

Supplement
Signs/Symptoms of Deficiency in  

Alcohol Withdrawal Recommended Dose

Adequate evidence for routine supplementation

  Thiamine Altered mental status 200–500 mg IV every 8 hr

Wernicke’s encephalopathy

Korsakoff syndrome

Metabolic dysfunction

Reasonable evidence for routine supplementation

 Folate Megaloblastic anemia 400–1,000 μg IV daily

Confusion

Sleep disturbances

Depression

Psychosis

Seizures

 Magnesium QT prolongation/torsades de pointes 64 mg/kg on day 1, followed by 32 mg/kg on days 
2–4 (mg of magnesium sulfate)

Altered mental status

Seizures

Tremors

Hyperreflexia

No evidence for routine supplementation

 Multivitamin Various Not recommended for routine supplementation

 Phosphorus Respiratory insufficiency Not recommended for routine supplementation

Altered mental status

Seizures

Muscle weakness

 Potassium Cardiac arrhythmia Not recommended for routine supplementation

Prolonged QT interval

Altered mental status

Muscle weakness

 Riboflavin Possible seizures Not recommended for routine supplementation

 Selenium Not well defined Not recommended for routine supplementation

 Vitamin A Not well defined Not recommended for routine supplementation

 Vitamin C Not well defined Not recommended for routine supplementation

 Zinc Not well defined Not recommended for routine supplementation
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well defined. Although oral supplementation of 400 μg/d of 
folic acid appears to be adequate for normal individuals, the 
diminished absorption of folate in alcoholics may necessitate 
the need for higher doses or parenteral therapy. Of note, folate 
absorption is also saturable such that in the folate-deficient 
state, folate is better absorbed (39). In individuals with ade-
quate folate stores, absorption is less, thereby mitigating some 
of the risk (and potentially benefit) of oral supplementation.

Sparse clinical evidence is available supporting the routine 
supplementation of folate in these scenarios. However, given 
the association of low folate concentrations with the neuro-
logic sequelae of alcohol withdrawal and the relatively limited 
toxicity in the normal dosing range, supplementation of folate 
should be considered. IV folate administration appears to be 
the most reliable method of improving endogenous folate 
stores, particularly due to the diminished absorption of oral 
folate related to alcohol use. We recommend that if folate is 
supplemented, practitioners give 400–1000 μg IV for several 
days after admission (40). Oversupplementation (> 5 mg/d) is 
not recommended due to the potential risk of neurotoxicity 
(41). Conversion to oral therapy is reasonable if no concomi-
tant alcohol consumption will occur.

MAGNESIUM
Magnesium is required in multiple steps of aerobic respira-
tion. Key enzymes in the glycolysis pathway require magne-
sium. Thiamine and magnesium are also interconnected via 
enzymatic processes. For example, thiamine diphosphate is a 
coenzyme for a number of mitochondrial enzymes involved in 
carbohydrate metabolism, including the enzyme transketolase, 
an integral enzyme in the pentose phosphate pathway. Magne-
sium is a co-factor for transketolase and is thought to contrib-
ute to maintaining the enzyme in its active form (4, 42, 43). 
Clinical reports have also supported this link between mag-
nesium and thiamine. Patients with WE may be clinically 
unresponsive to thiamine treatment in the setting of hypomag-
nesemia. However, once serum magnesium concentrations are 
corrected, transketolase activity returns to normal and clinical 
symptoms resolve (44, 45).

Individuals with an AUD have increased magnesium elimi-
nation, which leads to magnesium deficiency relatively quickly 
when use is chronic (46). Although the mechanism of renal 
magnesium loss due to alcohol intake is not well defined, the 
increased magnesium elimination may be due, in part, to 
increased liberation of magnesium from tissues such as skeletal 
muscle and cardiac tissue (thus providing more circulating mag-
nesium to be eliminated). It also appears that ingested magne-
sium is not as well absorbed in the presence of alcohol (47).

Supplementation of magnesium may be important in 
patients with chronic alcohol use although the evidence is low 
quality. Patients who present with acute withdrawal syndrome 
or delirium tremens often have hypomagnesemia (48). The 
association of hypomagnesemia with CNS alterations is likely 
due to the reduced concentrations of magnesium in the brain 
of chronic alcohol users (46). Restoration of normal magne-
sium concentrations often results in a reduction in withdrawal 

symptoms although usually in a delayed fashion (46, 49). Of 
note, some investigators have shown a lack of correlation with 
both serum and CNS magnesium concentrations in patients 
presenting with delirium tremens (50, 51). Poor-quality clini-
cal data exist regarding the efficacy of magnesium in prevent-
ing withdrawal syndrome. A recent Cochrane review was 
unable to generate significant recommendations in support of 
magnesium supplementation (52).

In the typical clinical scenario, however, adequate serum 
magnesium concentrations are also desirable in order to 
reduce the risk of cardiac arrhythmias such as atrial fibrillation 
or torsades de pointes, as well as seizures. Limited evidence 
is available to guide practitioners on the appropriate magne-
sium concentration target. In fact, many of the patients who 
respond to magnesium therapy for torsades de pointes have 
a normal magnesium serum concentration (53). Avoidance of 
prolonged hypomagnesemia and frequent use of medications 
known to prolong the QTc interval is advisable in patients at 
risk of torsades de pointes (54). In patients who require phar-
macotherapy with QT-prolonging agents such as haloperidol, 
periodic ECG monitoring should be considered (55).

The appropriate amount and duration of magnesium sup-
plementation is also not well defined. Tissue magnesium con-
centrations are not fully replete after single doses of magnesium 
supplementation, and available evidence suggests that several 
days of supplementation are necessary to restore magnesium 
concentrations to near-normal in patients with deficiency (46, 
49). Based on previously published studies describing the typi-
cal degree of magnesium deficiency in chronic alcohol users, 
a dose of approximately 1 mEq/kg of magnesium (in divided 
doses) is recommended for the first day of supplementa-
tion, with 0.5 mEq/kg/d in divided doses over the next 3 days 
(46). This equates to a daily supplementary dose of approxi-
mately 4.5 g of magnesium sulfate for a 70-kg adult, followed 
by 2–3 g/d thereafter. These patients may also be deficient in 
phosphorus, with up to 24% of patients presenting with hypo-
phosphatemia (56). Careful monitoring of electrolyte admin-
istration is advised in these patients with concomitant renal 
impairment.

MULTIVITAMIN
Patients with extreme malnutrition due to a chronic AUD 
may present with less common nutritional deficiencies such 
as scurvy or pellagra. The basic premise for including a mul-
tivitamin in supplemental infusions is that a wide variety of 
vitamins and micronutrients are included in a multivitamin, 
which may help to begin supplementation in patients at risk 
for less common nutritional deficiencies seen in extreme mal-
nutrition (57). It is plausible that multivitamin supplemen-
tation, along with a balanced nutritional diet and alcohol 
abstinence, can aid in replenishing important vitamins and 
minerals (58). However, no published data exist investigating 
the efficacy or safety of acute use of multivitamin injection 
in patients with possible alcohol withdrawal. Although this 
lack of data does not necessarily negate the potential benefits 
of IV multivitamin in the acute setting, it is also unlikely to 
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have a substantial treatment effect of patients with severe defi-
ciencies. In these patients, it seems more advisable to evalu-
ate specifically for suspected nutritional deficiencies based on 
clinically evident symptoms and available laboratory tests. In 
this way, clinicians can verify the diagnosis and provide more 
definitive therapy for isolated nutritional deficiencies, rather 
than using the low doses of vitamins and minerals provided 
by IV multivitamin.

IV FLUID
The banana bag is typically mixed in a liter of NS or D

5
W. Eval-

uation of the intravascular volume status and the likelihood 
of starvation is necessary to determine the optimal IV fluid 
for critically ill patients presenting with a history of a chronic 
AUD. Although NS is more advantageous than D

5
W in patients 

requiring intravascular volume resuscitation, some patients 
with an extensive, chronic AUD may present in a starved state 
that begets alcoholic ketoacidosis (AKA). AKA in this situation 
is often underrecognized and may represent the cause of mor-
tality in up to 7% of chronic alcohol users (59–61). A com-
parison of dextrose versus salt-containing fluids suggested that 
acidosis resolution occurs more quickly in patients receiving 
dextrose (62). Thus, it is advisable to utilize dextrose-contain-
ing fluids in patients who may have AKA to prevent or treat 
this insidious complication unless relative contraindications to 
hypotonic fluid administration exist. For clinicians managing 
volume resuscitation and maintenance fluids with separate IV 
fluids, the fluid component of a banana bag likely runs in the 
background as unnecessary liters of fluid in many cases.

CONCLUSIONS
Based on the available data, it is apparent that critically ill 
patients with a chronic AUD may be deficient in a number of 
vitamins and electrolytes, most importantly thiamine, folate, 
and magnesium. In most institutions, we suspect that the typi-
cal components of banana bags do not adequately address the 
neurological sequelae of these deficiencies. With the exception 
of thiamine, limited data exist supporting routine supplemen-
tation for most of these vitamins and electrolytes. On the other 
hand, the lack of evidence does not necessarily mean lack of 
effect of these therapies. In treating critically ill patients with a 
history of a chronic AUD, clinicians should consider the poten-
tial benefit for individual patients, the risks, and costs of the 
various ingredients to the typical banana bag, along with the 
available literature. Due to the difficulty of establishing a diag-
nosis of WE/KS and the potentially devastating consequences 
of missed or delayed diagnosis, empiric therapy is often war-
ranted. For patients admitted to the ICU with symptoms that 
may mimic or mask WE, based on the published literature, we 
suggest abandoning the banana bag and utilizing the following 
formula for routine supplementation during the first day of 
admission: 200–500 mg IV thiamine every 8 hours, 64 mg/kg 
magnesium sulfate (≈4–5 g for most adult patients), and 400–
1,000 μg IV folate. If AKA is suspected, dextrose-containing 
fluids are recommended over NS.
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