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Alcohol is one of the most commonly used drugs 
worldwide, and when used excessively it has deleterious 
eff ects on almost every organ system. A history of alcohol 
abuse is common in the 10% of patients in hospital 
admitted to an intensive care unit (ICU).1 In some hospitals 
in the USA, alcohol abuse is responsible for up to 40% of 
all ICU admissions, and is associated with a doubling in 
hospital mortality.2–4 Because of its systemic activity, alcohol 
increases susceptibility to or directly causes various 
common disorders seen in the critically ill (fi gure 1). 
Prompt recognition of alcohol abuse has important 
diagnostic, prognostic, and therapeutic implications. 
Failure to identify specifi c alcohol-related disorders can 
delay the initiation of readily available therapies and 
increase the morbidity and mortality in these ICU 
patients. 

Defi nitions of alcohol dependence and abuse
A wide spectrum of unhealthy alcohol use can be seen in 
the critically ill patient.5 The two most severe forms of 
alcohol use disorder are alcohol dependence (alcoholism) 
and alcohol abuse (harmful use). The most devastating 
type is alcohol dependence characterised by alcohol 
craving, the inability to stop drinking, the development of 
withdrawal symptoms after stopping drinking (physical 
dependence), and tolerance. Alcohol abuse or harmful use 
is defi ned as a pattern of drinking that leads to clinically 
signifi cant physical or psychological harm within a 
12 month period. Some studies use questionnaires that 
identify at-risk or risky alcohol use, defi ned by an excessive 
average daily or weekly consumption of alcohol (panel 1).6 

Identifying the problem
To properly care for these critically ill patients, a history of 
unhealthy alcohol use needs to be identifi ed. Unfortunately, 
screening for alcohol use is not routinely done. However, 
the American College of Surgeons Committee on Trauma 
now mandates routine screening for alcohol abuse for all 
level one and two trauma centres.7 There are many 
screening methods available that assist in identifi cation of 
individuals with unhealthy alcohol use. One validated 
screening questionnaire that accurately detects alcohol 
abuse or dependence is the alcohol use disorders 
identifi cation test (AUDIT), a ten question survey that 

includes three about the quantity and frequency of current 
drinking, and seven related to drinking history.8 In critically 
ill patients, there are sex diff erences in the AUDIT 
threshold for detection of alcohol use disorders 
(webpanel 1).9 Another instrument that can be used is the 
CAGE (an acronym derived from the important themes of 
each question—cut down, annoyed, guilty, and eye opener) 
questionnaire, which focuses on signs of impaired control, 
use of alcohol despite consequences, and dependence. It is 
a well respected, validated predictor of lifetime alcohol 
dependence.10 However, one limitation of the CAGE 
questionnaire is its inability to diff erentiate between 
current and former alcohol abuse.

Though screening questionnaires accurately identify 
patients with alcohol abuse and dependence, they have 
been criticised because they take a long time to do 
thoroughly.11 Therefore, shorter questionnaires have 
been advocated, including the AUDIT-C that uses the 
fi rst three AUDIT questions.12 The US National Institute 
on Alcohol Abuse and Alcoholism has recommended 
the use of a single screening question that determines 
the quantity and frequency of heavy drinking days.13 
This one question accurately identifi es the presence of 
current alcohol use disorders or recent hazardous 

Lancet 2006; 368: 2231–42

Published Online
October 11, 2006
DOI:10.1016/S0140-
6736(06)69490-7 

Divison of Pulmonary Sciences 
and Critical Care Medicine, 
University of Colorado at 
Denver and Health Sciences 
Center, Denver, CO 80262, USA 
(M Moss MD, E L Burnham MD)

Correspondence to:
Dr Marc Moss
Marc.Moss@uchsc.edu

Alcohol abuse in the critically ill patient
Marc Moss, Ellen Lyda Burnham

Alcohol abuse and dependence disorders are common in the 10% of hospitalised patients who need admission to the 
intensive care unit (ICU), but these disorders are often undiagnosed. The systemic eff ects from the excessive use of 
alcohol increase susceptibility to, or directly cause various important disorders in the critically ill. Early recognition of 
alcohol abuse and dependence is necessary and should prompt consideration of several alcohol-specifi c diagnoses 
that have important prognostic and therapeutic implications for these patients. We discuss the use of screening tests 
to improve the identifi cation of alcohol abuse and dependence disorders, the epidemiology and pathogenesis of 
important alcohol-related disorders, diff erences in the presentation of several common alcohol-related diagnoses in 
the ICU, and important alcohol-specifi c therapies. 

Search strategy and selection criteria

We searched the Cochrane Library and MEDLINE from 1966 
until 2006 for published work relevant to this subject. We 
entered the search terms “alcohol-related disorders”, 
“alcohol-induced disorders”, “alcoholism”, “alcohol drinking”, 
“alcoholic intoxication”, and the words “alcohol use disorder”, 
“alcohol dependence”, “excessive alcohol use”, “alcohol 
abuse”, “alcohol ingestion”, and “alcoholic”. These search 
terms were then grouped together, identifying over 
100 000 articles. We then entered 32 search terms and 
individually cross-matched them with the alcohol-related 
articles. We mainly selected publications from the past 
10 years, but did not exclude commonly referenced or highly 
regarded older publications. We also searched the reference 
lists of these articles and selected additional articles that we 
judged to be relevant. Pertinent review articles and book 
chapters were also included. 

See Online for webpanel 1
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drinking problems in emergency patients, but it has 
not been validated for ICU patients.14

ICU patients cannot always communicate eff ectively 
because of the use of endotracheal tubes and sedative 
agents, so they may be unable to answer even simple 

questionnaires. In such a situation, other screening tests 
for alcohol abuse or dependence would be necessary. Some 
of the screening instruments, including the AUDIT, have 
been validated when answered by a proxy.3,15 The greatest 
degree of agreement occurs when the proxy is in frequent 
contact with the patient, is a spouse or partner, or is 
confi dent about their information.16 Blood alcohol 
concentrations might be helpful, since 55–75% of critically 
ill trauma patients with a positive value will meet criteria 
for an alcohol use disorder.17 However, the test would not 
be helpful in the up to 45% of trauma patients with a risky 
alcohol history who have a negative value on admission.17 
Conventional blood tests such as liver function tests, or 
mean corpuscular volume have limited sensitivity and 
specifi city in detection of excessive drinking.18 Use of 
results from a γ glutamyltransferase assay, in combination 
with the CAGE questionnaire improves the detection of 
alcohol abuse in some patient populations.19 Other 
biological markers, including carbohydrate defi cient 
transferrin concentrations, can identify alcohol dependence 
in trauma patients, especially when measured before 
aggressive volume resuscitation.20 

Initial management
Early identifi cation of alcohol-related laboratory 
abnormalities or vitamin defi ciencies is important in the 
management of the critically ill patient. The following 
laboratory tests should be considered on admission for 
the critically ill patient with alcohol abuse or dependence: 
renal and electrolyte profi le; liver function tests; amylase, 
lipase, and creatine phosphokinase tests; complete blood 
count; coagulation studies; urinalysis; urine toxicology 
screen; and blood alcohol concentration.

In the western world, alcohol abuse is the most common 
cause of thiamine defi ciency. Thiamine is a water-soluble 
vitamin (B1) that participates in carbohydrate metabolism.21 
Thiamine defi ciency can lead to the development of 
Wernicke’s encephalopathy, an acute neuropsychiatric 
disorder characterised by ocular motor-disorders, ataxia, 
and altered mental status,but this classic triad of symptoms 
occurs in only 10% of patients. Disease onset can be acute 
or chronic, making diagnosis diffi  cult.22 Thiamine 
defi ciency can also cause Korsakoff ’s psychosis, which is 
characterised by antegrade and retrograde amnesia, 
disorientation, and confabulation (ie, invented memories). 
These two disorders are usually combined and termed 
Wernicke-Korsakoff  syndrome because of their close 
relationship.23 The prevalence of this syndrome is eight to 
ten times higher in people with alcohol dependence than 
in the general population.24 A metabolic stressor, such as 
critical illness, in conjunction with a carbohydrate load, 
typically precedes its development. In view of the diffi  culties 
in diagnosing Wernicke-Korsakoff  syndrome, thiamine 
should be given to all patients at risk for or with signs of 
the syndrome. Thiamine has poor enteral absorption in 
alcohol-dependent individuals, so should be given 
parenterally in high risk patients at a dose of 100–250 mg 

Brain:
Alcohol withdrawal delirium
Alcohol withdrawal seizures
Wernicke-Korsakoff syndrome
Marchiafava-Bignami disease

Lungs:
Pneumonia
Acute respiratory 
distress syndrome

Pancreas:
Alcoholic 
pancreatitis

Muscles:
Alcoholic 
myopathy
Rhabdomyolysis

Eyes:
Blindness due 
to methanol

Heart:
Cardiomyopathy
Atrial fibrillation

Liver:
Alcoholic hepatitis
Acute hepatic failure    
from paracetamol

Renal and electrolytes:
Renal failure from rhabdomyolysis
Renal failure from ethylene glycol
Hypomagnesaemia
Hypocalcaemia
Hypokalaemia
Hypophosphataemia
Lactic acidosis
Alcoholic ketoacidosis

Figure 1: Disorders that can occur in critically ill patients as a result of alcohol abuse or dependence

Panel 1: Classifi cations of unhealthy alcohol use in the 
USA6

• The maximum drinking limit for healthy men aged up to 
65 years is no more than four drinks in a day, and no more 
than 14 drinks in a week. For women and healthy men 
aged over 65 years, the maximum drinking limit is no 
more than three drinks a day, and no more than 7 drinks in 
a week.

• Risky use is consuming more than the recommended 
amount of alcohol.

• Problem drinking is a classifi cation of unhealthy alcohol 
use, in which people have alcohol-related consequences 
but do not meet formal criteria for alcohol abuse or 
dependence

• Alcohol abuse and dependence are often grouped 
together and termed alcohol use disorders
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infused over 30 min, once a day for several days.22 However, 
there have been rare case reports of anaphylaxis after 
parenterally-dosed thiamine.25 Additionally, patients with 
any history of unhealthy alcohol use who are treated with 
intravenous glucose should simultaneously receive 
intravenous thiamine to prevent precipitating Wernicke-
Korsakoff  syndrome.22

Up to 25% of patients with an alcohol use disorder will 
have a metabolic acidosis on hospital admission (panel 2).26 

Metabolic acidosis can be caused by non-alcohol-related 
disorders, such as sepsis or salicylate overdose, but there 
are types of metabolic acidosis that are specifi cally related 
to alcohol ingestion, including alcoholic ketoacidosis, lactic 
acidosis, and acidosis caused by the ingestion of other toxic 
substances. Patients with alcoholic ketoacidosis will 
present with nausea, vomiting, and abdominal pain, and 
often have a high anion gap acidosis (panel 2).27 On 
examination, patients have tachypnoea, tachycardia, and 
abdominal tenderness without abdominal distension or 
rebound tenderness. The acidosis is mainly caused by 
starvation with glycogen depletion, a raised NADH:NAD 
ratio related to alcohol metabolism by alcohol 
dehydrogenase, and volume depletion resulting in 
ketogenesis.28 Treatment for alcoholic ketoacidosis should 
include giving of intravenous volume and glucose. Glucose 
infusion is imperative to prevent ketogenesis, stimulate 
insulin production and secretion, promote oxidation of 
NADH, and to replenish glycogen stores.24 Patients with 
alcohol abuse or dependence can also develop lactic 
acidosis, as a direct eff ect of alcohol, or after seizures.29 
Additionally, 61% of patients with alcoholic ketoacidosis 
have raised lactate concentrations, usually as a result of 
concomitant disorders such as pancreatitis, severe 
hepatitis, or rhabdomyolysis.27 Thiamine defi ciency can 
also directly cause lactic acidosis because of the impairment 
of pyruvate dehydrogenase and the accumulation of 
pyruvate that is subsequently converted to lactate.30 In 
these patients, the acidosis can be quickly reversed by 
administration of parenteral thiamine. Patients with an 
unexplained anion gap acidosis should be questioned 
about the ingestion of other toxic alcohols. 

Although the diagnostic accuracy of the serum osmolar 
gap has been questioned, its measurement might be 
helpful as a screening test for ethylene glycol or methanol 
consumption (panel 2).31 Other disorders that can cause an 
increased osmolar gap in the critically ill patient with 
alcohol abuse include alcoholic ketoacidosis (resulting 
from accumulation of acetone) and the continuous 
infusion of lorazepam (resulting from use of propylene 
glycol as a solvent in the lorazepam).32,33 If the osmolar gap 
is increased or there is a positive history of a toxic ingestion, 
ethylene glycol and methanol concentrations should be 
tested. Treatment with fomepizole should be initiated, 
especially if blood pH is less than 7·3 and serum 
bicarbonate concentration is less than 20 mmol/L.34,35 
Fomepizole, an inhibitor of alcohol dehydrogenase, alters 
the toxicokinetics of ethylene glycol and methanol by 

prolongation of their elimination, and reduction of the 
formation of the toxic substances glycolate and formate. 
Patients with methanol ingestion should receive an 
extended course of fomepizole because methanol has a 
longer elimination half life than does ethanol. If fomepizole 

Panel 2: Useful formulas that can assist in caring for the 
critically ill patient with alcohol abuse or dependence 
disorder

Anion gap (mmol/L)=
Na+ –(Cl–+ HCO3

–) 
Range: 8–16 mmol/L
Raised in
• Ketoacidosis
• Uraemic acidosis
• Drug ingestion of 

   Aspirin 
   Methanol
   Ethylene glycol

• Lactic acidosis

Osmolal gap (mmol/kg)=
Measured serum osmolality–Calculated osmolality
Range: –14 to +10
Where calculated osmolality is
1·86×Na (mmol/L)+glucose (mmol/L)+BUN (mmol/L)
+ethanol (mmol/L)
Raised by
• Methyl alcohol
• Acetone
• Ethylene glycol
• Mannitol
• Other low molecular weight hydrocarbons

Hepatic discriminant function=
4·6×(protime–control protime)×(bilirubin [mmol/L]/17·1)
Value greater than or equal to 32 suggests that patient could 
benefi t from corticosteroid treatment.

Ranson’s criteria for acute pancreatitis
Admission
Age >55 years; LDH >350 IU/L
WBC >16 g/L; AST >250 IU/L
Glucose >11 mmol/L
Initial 48 h
Hct fall >10% ; PaO2 <60 mm Hg
Ca++ <2 mmol/L; Base defi cit >4 mmol/L
BUN rise >1·8 mmol/L of urea
Fluid sequestration >6L
Negative prognosis
Associated with the presence of one or more criteria. WBC 
count and serum glucose might be more useful for prediction 
of major systemic complications and/or mortality in alcoholic 
pancreatitis.

BUN=blood urea nitrogen. WBC=white blood cell. LDH=lactate dehydrogenase. 
AST=aspartate aminotransferase. Hct=haematocrit. 
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is not available, an intravenous infusion of ethanol can be 
initiated because ethanol will also competitively inhibit 
alcohol dehydrogenase. In patients with severe ethylene 
glycol or methanol poisoning, haemodialysis should also 
be considered.34,35 

Alcohol abuse is a common cause of hypomagnesaemia, 
resulting from poor diet and increased urinary and fecal 
loss.36,37 Magnesium replacement therapy should be 
routinely considered in these patients, remembering that 
serum concentration does not necessarily correlate with 
total body depletion.37 Parenteral magnesium should be 
administered in patients with symptomatic, moderate-to-
severe magnesium defi ciency (concen trations below 
0·75 mmol/L). In cases of seizures or acute arrhythmia, 
4–8 mmol should be administered intravenously over 
5–10 min, followed by 25 mmol per day, with the goal of 
keeping the plasma magnesium concentration above 
0·4 mmol/L.38 Lower doses of magnesium replacement 
therapy should be used in patients with renal failure. 
Magnesium defi ciency can lead to decreased parathyroid 
hormone secretion, resulting in hypocalcaemia. In patients 
in whom both these electrolytes are low, calcium 
replacement is often unnecessary, but magnesium 
replacement should continue for 3–5 days.37,38 Additionally, 
hypomagnesaemia can cause hypokalaemia by increasing 
kaliuresis.39 Potassium replacement therapy will not correct 
the hypokalaemia until magnesium defi cits are corrected.40 
Along with these other electrolyte abnormalities, 
hypophosphataemia resulting from enhanced renal 
excretion is frequently encountered in patients with alcohol 
abuse disorders. Hypophosphataemia can be exacerbated 
during critical illness by concomitant respiratory alkalosis 
(with stimulation of glycolysis), increased circulating 
catecholamines that shift phosphate intracellularly, or 
increased gastrointestinal loss of phosphate from 
diarrhoea.41 Phosphate concentrations below 0·32 µmol/L 
might result in cardiac arrhythmias, respiratory failure, or 
rhabdomyolysis and therefore should be promptly 
corrected.38 

Up to 67% of non-traumatic rhabdomyolysis is recorded 
in patients with alcoholism, especially after acute 
intoxication resulting in immobilisation or coma.42 Direct 
eff ects of alcohol on the muscle and co-existing 
hypophosphataemia and hypokalaemia can be involved in 
the pathogenesis of rhabdomyolysis. Patients might not 
have symptomatic muscle pain; however, compartment 
syndromes can develop in a dependent arm or leg. 
Although rhabdomyolysis is not defi ned by creatine 
phosphokinase concentration, increasing values suggest 
persistent myocyte damage and impending renal failure. A 
positive urine dipstick for haemoglobin in combination 
with no visible red cells on urinalysis is suggestive of 
rhabdomyolysis.43 Hyperphosphataemia, hypocalcaemia, 
and hyperkalaemia can also occur as a direct result of 
rhabdomyolysis. Dehydration and acidic urine exacerbate 
the toxic eff ects of myoglobin on renal tubules. Patients 
who are thought to be at risk for the development of renal 

failure should receive intravenous fl uids to maintain a 
urine output of about 200–300 mL/h, with close monitoring 
of potassium, phosphate, and calcium concentrations.42 
Alkalinisation of the urine should be done with care to 
avoid hypernatraemia, although there are no randomised 
trials demonstrating effi  cacy of urine alkalinisation in 
prevention of renal failure.44

Diagnosis of alcoholic hepatitis should be considered 
in critically ill patients with jaundice and a history of 
alcohol abuse. Signs of chronic alcohol abuse (such as 
spider angiomata) will usually be present in these 
individuals, and patients may be febrile. Laboratory tests 
might reveal leucocytosis and high transaminase 
concentrations, with aspartate transaminase increased 
out of proportion to alanine transaminase. Extreme 
elevation of transaminase concentrations (more than ten 
times normal) is not consistent with alcoholic hepatitis.45 
The patient’s hepatic discriminant function can be used 
to predict a benefi cial response to corticosteroid therapy 
(panel 2).46 In a meta-analysis, corticosteroids improved 
28-day survival in patients with alcoholic hepatitis and a 
hepatic discriminant function value greater than 32.47 
Steroids should not be used in patients with active 
gastrointestinal bleeding or in those with sepsis, until 
appropriate antibiotics have been given for 48 h.47 Patients 
with alcoholic hepatitis should also receive appropriate 
volume replacement to prevent renal dysfunction and 
nutritional support by nasogastric tube, if required.45,48

Patients who abuse alcohol are susceptible to acute 
hepatic failure, severe liver necrosis, and hepatic coma 
when taking paracetamol.49 In those with alcoholism, 
paracetamol doses as low as 4 g have been reported to 
cause acute hepatic failure. Therefore, the diagnosis of 
paracetamol overdose should be considered in all 
alcoholic patients with abnormal liver function tests. The 
prompt administration of N-aceyltcysteine is indicated 
after paracetamol overdose. 

About 32% of patients with acute pancreatitis will have a 
history of alcohol abuse.50 This diagnosis should be 
suspected in all patients with abdominal symptoms. A high 
serum lipase concentration could be helpful to confi rm the 
diagnosis. Up to 30% of patients with acute pancreatitis 
can develop signifi cant complications that require ICU 
management.50 The Ranson’s criteria can help predict the 
development of severe pancreatitis, and a Ranson score of 
3 or more on admission can accurately identify patients 
that will benefi t from ICU care (panel 2).51

Delirium from alcohol withdrawal
Generalised delirium occurs in more than 80% of critically 
ill patients who need mechanical ventilation, and is an 
independent predictor of increased mortality or lengthy 
hospital stay.52 Many factors contribute to the onset of 
delirium in the critically ill, including withdrawal of 
alcohol. Alcohol withdrawal syndrome is a set of symptoms 
that develop in alcohol-dependent individuals within 
6–24 h after their last drink.53 The most serious 



Review

www.thelancet.com   Vol 368   December 23/30, 2006 2235

manifestation of alcohol withdrawal syndrome is alcohol 
withdrawal delirium, which is also known as delirium 
tremens. These patients often need ICU care.54,55 Dependent 
on the time of their last drink, alcohol withdrawal delirium 
might be either the main reason for admission to the ICU, 
or might complicate the clinical course of patients with 
non-alcohol-related diagnoses. 

The symptoms of alcohol withdrawal delirium typically 
present after 2–4 days of abstinence from alcohol, and can 
persist for up to 2 weeks.55–57 The development of this 
condition is associated with longer stays in hospital and 
the ICU than for patients with generalised delirium, in 
addition to increased mortality in postoperative and trauma 
patients.58,59 A history of alcohol withdrawal delerium or 
seizures, previous benzodiazepine use, thermal injuries, 
and admission for a concurrent acute medical illness are 
risk factors for the future development of this disorder.60–63 
Both the early signs such as hyperpyrexia, tachycardia, 
hypertension, and diaphoresis, and the later fi ndings of 
confusion, agitation, seizures, psychosis, and pronounced 
autonomic hyperactivity are non-specifi c in critically ill 
patients and can be caused by non-alcohol-related 
problems. Therefore, exclusion of other disorders, 
including sepsis, cerebral vascular accidents, meningitis, 

subdural hamatomas, drug toxicity, hepatic encephalopathy, 
acute haemorrhage, hypoxaemia, hypoglycaemia, and 
other metabolic abnormalities might be necessary before 
establishment of a diagnosis of alcohol withdrawal 
delerium.64 The pathogenesis of alcohol withdrawal 
delerium is outlined in fi gure 2.

In evidence-based guidelines sedative-hypnotic drugs 
are recommended for alcohol withdrawal delerium.55 
These drugs reduce mortality and decrease the duration of 
symptoms, with few complications. Benzodiazepines are 
the most commonly used sedative-hypnotic agents because 
of their increased safety margin and low abuse potential, 
compared with barbiturates.54 However, critically ill patients 
typically require much higher than normal doses of 
benzodiazepines to treat alcohol withdrawal symptoms, up 
to 100-fold in some patients.67,68 The aetiology of increased 
tolerance to benzodiazepines in critically ill patients is 
unclear, but might be related to pronounced 
neurotransmitter imbalances in the endorphin and 
noradrenergic systems.67 Where possible, benzodiazepines 
should be given with a symptom-triggered dosing regimen 
rather than with a fi xed schedule. Grading of various 
symptoms of alcohol withdrawal with the revised clinical 
institute withdrawal assessment for alcohol scale 
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Post-synaptic
neuron
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excitatory
neurotransmitter
system
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Calcium
flux

Chloride
flux
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Neurotransmitter
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• behavioural agitation
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Figure 2: Pathophysiology of alcohol withdrawal in the central nervous system
Chronic exposure to alcohol results in increased presynaptic release of glutamate, and downregulation of N-methyl-D-aspartate (NMDA) receptor activity. 
Additionally, presynaptic γ-aminobutyric acid (GABA) release is also inhibited. As illustrated, the abrupt cessation of alcohol consumption results in up-regulation of 
NMDA receptor activity, and reduction in GABA-A receptor activity. These changes produce many of the signs and symptoms of alcohol withdrawal delirium, such as 
autonomic instability, behavioural agitation, and psychosis.65,66 In patients experiencing this syndrome, the administration of benzodiazepines replaces the eff ect of 
alcohol on the GABA-A receptor. Propofol acts in a similar fashion on the GABA-A receptor, but also is an NMDA receptor inhibitor.
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(CIWA-Ar) (webpanel 2)55,69 can help titrate the appropriate 
dosing regimen. Symptom-triggered therapy results in 
lower incidence of pneumonia, and a shorter duration of 
ventilatory support and length of ICU stay, compared to a 
fi xed-dose schedule.69 

In patients whose withdrawal symptoms are not 
controlled with benzodiazepines, propofol is sometimes 
recommended, although its benefi t has not been validated 
in randomised trials.70 Intubation and mechanical 
ventilation should be initiated before propofol is given, 
because it has a depressant eff ect on the respiratory 
system. Neuroleptic agents should not be used as 
monotherapy in alcohol withdrawal delerium, although 
they are commonly and successfully used in combination 
with sedative-hypnotic therapy in critically ill patients.54,56,68 
Neuroleptics can cause several side-eff ects, including QT 
prolongation, reduction in seizure threshold, and 
development of neuroleptic malignant syndrome.67 Oral 
and intravenous ethanol has been used to treat alcohol 
withdrawal delerium in small, uncontrolled trials.71,72 The 
use of ethanol to treat alcohol withdrawal delerium is not 
recommended because it has an inconsistent 
pharmacokinetic profi le, a narrow therapeutic index, and 
potential adverse eff ects.55 Magnesium has also been 
reported to reduce the risk of minor withdrawal 
symptoms, but magnesium therapy specifi cally for 
alcohol withdrawal delerium is not recommended.55,73

Up to a third of patients who chronically consume 
alcohol experience seizures during withdrawal. Patients 
are at enhanced risk for withdrawal seizures if they have 
had previous withdrawal seizures, which is known as the 
kindling phenomenon. Such seizures are typically 
generalised, and occur in the fi rst 8–24 h of abstinence.56 
Up to 60% of patients will have multiple seizures, and 
the interval between the fi rst and last seizure is usually 
less than 6 h. Treatment with intravenous benzodiazepines 
(specifi cally lorazepam) will greatly reduce the risk of 
seizure recurrence in these patients.74 A more thorough 
neurological evaluation is warranted if focal seizures are 
present, if the seizures occur later than 48 h after the last 
alcohol-containing beverage, or if the patient has a history 
of fever or trauma which relates to the seizure activity.

Pulmonary complications
Individuals with a history of alcohol abuse and dependence 
are more likely to develop severe or lethal bacterial 
pneumonia leading to ICU admission and increased total 
hospital costs.75–78 Alcohol abuse is sometimes associated 
with an increased risk of bacteraemia and empyema, 
extended recovery time, a higher frequency of cavitary 
disease (18% vs 3%), and persistent pulmonary infi ltrates 
on chest radiograph.75,79,80 Pneumonia in patients with 
alcoholism is often caused by diff erent pathogens from 
those that cause pneumonia in non-alcoholic patients, 
especially anaerobic bacteria and gram-negative organisms 
such as Klebsiella pneumoniae. Possible reasons for the 
increased occurrence of these organisms could be a higher 

colonisation rate in the oropharynx, increased frequency of 
gingivodental disease, or a higher likelihood of aspiration 
in alcoholics than in non-alcoholics.81–84 Eff ects of alcohol 
on immune function also contribute to the heightened 
susceptibility to bacterial pneumonia (fi gure 3). 

The acute respiratory distress syndrome is a form of 
diff use lung injury, characterised by the sudden onset of 
severe hypoxaemia in conjunction with bilateral infi ltrates 
that are non-cardiogenic in origin.99 In two studies in a 
total of 571 critically ill patients, alcohol abuse was 
associated with an increased risk of developing acute 
respiratory distress syndrome.100,101 In patients with septic 
shock, alcohol abuse increased the incidence of acute 
respiratory distress syndrome from 31% to 70%.101 Similar 
eff ects of chronic alcohol abuse on the development of 
the syndrome have also been recorded after pulmonary 
resection in patients with non-small-cell lung carcinoma.102 
The mechanisms responsible for this increased 
susceptibility to develop acute respiratory distress 
syndrome are outlined in fi gure 4.

Cardiac and haematological dysfunction
Cardiomyopathy in patients with alcohol abuse is 
characterised by a dilated left ventricle, and often a 
subclinical reduction in ejection fraction.111 Systolic and 
diastolic dysfunction have been reported in association 
with alcohol abuse that seems to be dose dependent, but 
this dysfunction is frequently asymptomatic.112 Thiamine 
defi ciency can cause a high output cardiac failure (wet 
beriberi), which has been attributed to vasodilatation and 
decreased vascular resistance—probably from vasomotor 
depression and augmented venous return.113 Common 
fi ndings that precipitate biventricular failure in the 
critically ill include increases in sympathetic tone 
(especially in withdrawal), hypokalaemia, and hypoxia.114 
Cardiac arrhythmias after acute alcohol consumption are 
also well documented.115 Acute binge drinking is 
associated with an increased risk of various arrhythmias, 
including atrial fi brillation, known as the holiday heart 
syndrome, in which arrhythmias occur after excessive 
drinking during weekends or holidays.116,117 Chronic 
alcohol abuse is associated with a 34% increased risk of 
developing atrial fi brillation.118 These alcohol-related 
alterations in cardiac function contribute to an increased 
rate of complications in critically ill patients.119 

Alcohol can alter haemostasis by increasing bleeding 
times and inhibiting production of platelets by bone 
marrow.120 These changes might cause an increased risk of 
bleeding, especially in postoperative or traumatically 
injured critically ill patients.121 In alcoholic patients, 
especially those with liver disease, folate defi ciency is a 
common hypovitaminosis, leading to megaloblastic 
anaemia and impaired enterocyte function. Folate 
defi ciency in these patients is caused by decreased intake, 
abnormal absorption, metabolism, hepatic storage, and 
urinary excretion of nutrients. Insuffi  cient folate can also 
result in problems with postoperative infections and 

See Online for webpanel 2
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wound healing.122 Folate replacement therapy should be 
given as a dietary supplement at a dose of 1 mg per day for 
several days.123 

Alcohol and the surgical patient
An increased risk of postoperative complications related 
to alcohol abuse has been reported after all types of 
surgery.119 Nosocomial infections accounted for most of 
these postoperative complications. Respiratory failure, 
haemorrhage requiring transfusion and secondary 
operations, and delayed wound healing have also been 
reported.124 Postoperative patients with alcoholism also 
have high rates of ICU re-admission, need many repeat 

surgical procedures, and have longer hospital stay than 
patients without alcoholism.125 Up to 57% of patients with 
carcinomas of the upper digestive tract have a history of 
alcohol abuse or dependence.59 Postoperatively, the 
patients with a history of alcohol abuse spent substantially 
more time on mechanical ventilation, and have an 
increased risk of haemorrhage necessitating repeat 
surgery than non-alcoholic patients. Additionally, both 
anastomotic leakage and post-operative sepsis were only 
recorded in alcohol-dependent patients. The mortality 
rate was much higher (9% vs 0%) in the patients with a 
history of alcohol abuse, which is probably a result of this 
increased rate of post-operative complications.59
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Figure 3: Diff erences in response to bacterial pneumonia in non-alcoholic patients compared with patients with chronic alcohol abuse disorders
↑=increase, ↓=decrease. Ethanol exposure diminishes chemotaxis of neutrophils to sites of infection by inhibiting upregulation of adhesion molecules, such as CD18, 
that help bind target receptors, including ICAM-1 on endothelial cells.85–87 The expression of neutrophil chemotactic cytokines including macrophage infl ammatory 
protein-2 (MIP-2) are also decreased by ethanol.88 Alcohol exposure suppresses production of pro-infl ammatory cytokines, including tumour-necrosis-factor-α 
(TNFα) and interleukin-1β (IL-1 β) in alveolar macrophages and blood monocytes.89–92 Alcohol alters cytokine production in macrophages by inhibiting the activation 
of intracellular messenger nuclear factor-κβ (NFκβ), which is required for the transcription of genes that encode TNFα and other chemokines.93,94 Lengthened 
exposure to alcohol results in decreased neutrophil superoxide production, and a potential pro-infl ammatory eff ect with increased plasma concentrations of 
cytokines IL-6, IL-10, and the endothelial cell adhesion molecule E-selectin.95,96 Suppression of the serum IL-6:IL-10 ratio is more common in postoperative patients 
who are alcohol dependent and is associated with an increased rate of infectious complications.97 Furthermore, T helper cell mediated immunity as measured by 
suppression of T helper 1:T helper 2 ratio (Th1:Th2) is altered in individuals who are alcohol dependent.98
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Several studies have examined the eff ects of alcohol 
abuse and dependence on postoperative complications 
in patients who had surgery for lung cancer.102,126,127 
Similar to the fi ndings in patients with upper 
gastrointestinal tumours, lung cancer patients with 
alcoholism had increased rates of major infectious 
complications and respiratory failure, defi ned as 
mechanical ventilatory support for greater than 48 h.127 
Patients with alcohol dependence also had extended 
hospital stays (26·1 days vs 10·6 days) and more 
expensive hospitalisations than did non-alcoholics. 
Similar eff ects of alcohol use on postoperative 
complications have been recorded in neurosurgical 
patients needing subdural haematoma evacuation 
and urological patients after transurethral prosta-
tectomy.128,129 

Abstinence from alcohol can result in reversal of 
subclinical cardiac dysfunction, improvement in 
haemostasis and wound healing, correction of 
immunosuppression, and return to normal of the 
cortisol response to surgical stress.119 Patients with 
alcoholism who were scheduled for elective colorectal 
surgery were randomised to either the regularly 
scheduled surgery or a month of abstinence and 
disulfi ram treatment, followed by surgery. Patients 
assigned to abstinence and delayed surgery had strikingly 
fewer postoperative complications (31% vs 74%), less 
postoperative myocardial ischaemia (23% vs 85%), and 
fewer arrhythmias (33% vs 86%) than did those assigned 
surgery alone.130 The optimum length of preoperative 
abstinence remains unknown; however, surgery should 
be postponed (if possible) until measures of organ 
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↑=increase, ↓=decrease. GSH=glutathione. GSSG= oxidised glutathione. Alcohol-induced changes in the lung result in an increased susceptibility to the development 
of acute respiratory distress syndrome. One of the central changes related to chronic ethanol ingestion is a decreased concentration of the antioxidant glutathione 
throughout the alveolar lining fl uid of the lung and within alveolar type II cells.103 Defi ciencies in pulmonary glutathione result in abnormal surfactant synthesis and 
secretion, increases in type II cell apoptosis, rises in basal expression of transforming growth factor β (TGFβ), and changes in alveolar-capillary barrier function and 
permeability.104–107 In patients with acute respiratory distress syndrome, alcohol abuse magnifi es the increase in alveolar capillary permeability and the subsequent 
accumulation of extravascular lung water and protein in the alveolar lining fl uid, and raises concentrations of E-selectin in the lung.108–110 
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dysfunction have normalised, or at least until the signs 
and symptoms of withdrawal have subsided.56,124

Alcohol and trauma
Trauma patients with alcohol exposure, defi ned as a 
measurable blood alcohol, are more likely to be men, less 
than 40 years of age, screen positive for illicit drugs, lack 
health insurance, and have sustained their injury during 
violence.131 A history of alcohol abuse in trauma patients is 
associated with an increased rate of haemorrhage requiring 
transfusion, pancreatitis, and extended mechanical 
ventilation and ICU stay.132–135 Alhough there is confl icting 
evidence in the trauma population, a history of alcohol 
abuse seems to be associated with an increased rate of 
infectious complications, especially bacterial pneumonia. 
Further, a positive blood alcohol level on admission for a 
trauma-related injury is a risk factor for subsequent 
trauma-related hospitalisations.131,136 Although alcohol 
abuse is not associated with an increased mortality rate in 
general trauma patients, alcohol-related changes in 
mortality rate have been seen in patients with thermal 
injuries. After adjustment for age, total burn surface-area, 
and inhalational injury, burn victims with a positive blood 
alcohol concentration on admission had mortality rates six 
times that of non-alcoholic patients.137

Proper identifi cation of alcohol abuse or dependence 
with subsequent brief interventions can help patients stop 
drinking and prevent future medical and social problems. 
Brief interventions usually consist of 10–15 minutes of 
counselling and feedback about drinking, responsibility, 
advice, empathy, and goal setting.6 In the trauma 
population, brief interventions led to decreased alcohol 
consumption, decreased readmissions to the emergency 
department, and a sizable reduction in injuries needing 
hospital admission.138 For example, the initiation of brief 
interventions during an emergency department visit for 
adolescents with drinking-related injuries reduced the 
6 month frequency of future alcohol-related injuries from 
50% to 21%.139 In a randomised trial of trauma patients 
with a history of alcohol abuse, brief interventions with a 
follow-up visit after 7–10 days signifi cantly reduced 
alcohol-related injuries at one year when compared with 
no intervention.140 

Long-term complications of critical illness
Hospitalisations that require intensive care can diminish 
the patient’s quality of life for months, or even years, after 
discharge. In view of the prevalence of alcohol abuse in ICU 
patients, the existence of specifi c alcohol-related issues in 
ICU survivors is possible. Alcohol abuse has deleterious 
eff ects on skeletal muscle and can cause myopathy.111 Muscle 
wasting and weakness due to critical illness, in addition to 
chronic myopathy related to alcohol consumption, could 
synergistically aff ect quality of life and the ability to 
undertake activities of daily living.141 A manifestation of 
thiamine defi ciency with Korsakoff ’s psychosis or 
Marchiafava-Bignami disease, acute demyelination, and 

necrosis of the corpus callosum can cause long-term 
confusion after ICU discharge.142 Such problems are a 
continued challenge to the physician providing critical care 
and subsequent management for patients with alcohol 
abuse and dependence. Hopefully, greater appreciation and 
recognition of the eff ects of alcohol abuse and dependence 
in the critically ill will result in improvements in both short 
and long-term outcomes for these patients.
Confl ict of interest statement
We declare that we have no confl ict of interest.

Acknowledgments
We thank Greg Martin for his helpful comments in preparation of this 
manuscript. This manuscript was funded by grants R01-AA014435, P50-
AA013757, MO1-RR000039, and K23-AA013918 from the National 
Institute of Health, Bethesda, MD, USA. The funding source had no role 
in preparing this Seminar.

References
1  Halpern NA, Bettes L, Greenstein R. Federal and nationwide 

intensive care units and healthcare costs: 1986-1992. Crit Care Med 
1994; 22: 2001–07.

2  Jensen NH, Dragsted L, Christensen JK, Jorgensen JC, Qvist J. 
Severity of illness and outcome of treatment in alcoholic patients in 
the intensive care unit. Intensive Care Med 1988; 15: 19–22.

3  Kershaw C, Martin GS, Moss M. Patient and family member 
agreement on the alcohol history of ICU patients. 
Am J Respir Crit Care Med 2003; 167: A251. 

4  Marik P, Mohedin B. Alcohol-related admissions to an inner city 
hospital intensive care unit. Alcohol Alcohol 1996; 31: 393–96.

5  Hasin D. Classifi cation of alcohol use disorders. Alcohol Res Health 
2003; 27: 5–17.

6  Saitz R. Clinical practice. Unhealthy alcohol use. N Engl J Med 2005; 
352: 596–607.

7  Miller WR, Baca C, Compton WM, et al. Addressing substance 
abuse in health care settings. Alcohol Clin Exp Res 2006; 30: 
292–302.

8  Reinert DF, Allen JP. The alcohol use disorders identifi cation test 
(AUDIT): a review of recent research. Alcohol Clin Exp Res 2002; 
26: 272–79.

9  Neumann T, Neuner B, Gentilello LM, et al. Gender diff erences in 
the performance of a computerized version of the alcohol use 
disorders identifi cation test in subcritically injured patients who are 
admitted to the emergency department. Alcohol Clin Exp Res 2004; 
28: 1693–701.

10  Soderstrom CA, Smith GS, Kufera JA, et al. The accuracy of the 
CAGE, the brief Michigan alcoholism screening test, and the 
Alcohol Use Disorders Identifi cation Test in screening trauma 
center patients for alcoholism. J Trauma 1997; 43: 962–69.

11  Schermer CR, Gentilello LM, Hoyt DB, et al. National survey of 
trauma surgeons’ use of alcohol screening and brief intervention. 
J Trauma 2003; 55: 849–56.

12  Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The 
AUDIT alcohol consumption questions (AUDIT-C): an eff ective 
brief screening test for problem drinking. Ambulatory care quality 
improvement project (ACQUIP). Alcohol use disorders 
identifi cation test. Arch Intern Med 1998; 158: 1789–95.

13  National Institute of Alcohol Abuse and Alcoholism.Helping 
patients who drink too much: a clinician’s guide. http://pubs.niaaa.
nih.gov/publications/Practitioner/CliniciansGuide2005/clinicians_
guide.htm (accessed July 17, 2006). 

14  Canagasaby A, Vinson DC. Screening for hazardous or harmful 
drinking using one or two quantity-frequency questions. 
Alcohol Alcohol 2005; 40: 208–13.

15  Donovan DM, Dunn CW, Rivara FP, Jurkovich GJ, Ries RR, 
Gentilello LM. Comparison of trauma center patient self-reports 
and proxy reports on the alcohol use identifi cation test (AUDIT). 
J Trauma 2004; 56: 873–82.

16  Connors GJ, Maisto SA. Drinking reports from collateral 
individuals. Addiction 2003; 98 (suppl 2): 21–29.

17  Neumann T, Spies C. Use of biomarkers for alcohol use disorders 
in clinical practice. Addiction 2003; 98 (suppl 2): 81–91.



Review

2240 www.thelancet.com   Vol 368   December 23/30, 2006

18  Conigrave KM, Davies P, Haber P, Whitfi eld JB. Traditional 
markers of excessive alcohol use. Addiction 2003; 98 (suppl 2): 31–43.

19  Martin MJ, Heymann C, Neumann T, et al. Preoperative evaluation of 
chronic alcoholics assessed for surgery of the upper digestive tract. 
Alcohol Clin Exp Res 2002; 26: 836–40.

20  Spies CD, Emadi A, Neumann T, et al. Relevance of carbohydrate-
defi cient transferrin as a predictor of alcoholism in intensive care 
patients following trauma. J Trauma 1995; 39: 742–48.

21  Agabio R. Thiamine administration in alcohol-dependent patients. 
Alcohol Alcohol 2005; 40: 155–56.

22  Thomson AD, Cook CC, Touquet R, Henry JA. The Royal College of 
Physicians report on alcohol: guidelines for managing Wernicke’s 
encephalopathy in the accident and emergency department. 
Alcohol Alcohol 2002; 37: 513–21.

23  Thomson AD. Mechanisms of vitamin defi ciency in chronic alcohol 
misusers and the development of the Wernicke-Korsakoff  
syndrome. Alcohol Alcohol 2000; 35 (suppl): 2–7.

24  Reuler JB, Girard DE, Cooney TG. Current concepts. Wernicke’s 
encephalopathy. N Engl J Med 1985; 312: 1035–39.

25  Wrenn KD, Slovis CM. Is intravenous thiamine safe? 
Am J Emerg Med 1992; 10: 165.

26  Elisaf M, Merkouropoulos M, Tsianos EV, Siamopoulos KC. Acid-
base and electrolyte abnormalities in alcoholic patients. 
Miner Electrolyte Metab 1994; 20: 274–81.

27  Wrenn KD, Slovis CM, Minion GE, Rutkowski R. The syndrome of 
alcoholic ketoacidosis. Am J Med 1991; 91: 119–28.

28  Hoff man RS, Goldfrank LR. Ethanol-associated metabolic 
disorders. Emerg Med Clin North Am 1989; 7: 943–61.

29  MacDonald L, Kruse JA, Levy DB, Marulendra S, Sweeny PJ. Lactic 
acidosis and acute ethanol intoxication. Am J Emerg Med 1994; 12: 
32–35.

30  Hoyumpa AM Jr. Mechanisms of thiamin defi ciency in chronic 
alcoholism. Am J Clin Nutr 1980; 33: 2750–61.

31  Glaser DS. Utility of the serum osmol gap in the diagnosis of 
methanol or ethylene glycol ingestion. Ann Emerg Med 1996; 27: 
343–46.

32  Braden GL, Strayhorn CH, Germain MJ, Mulhern JG, Skutches CL. 
Increased osmolal gap in alcoholic acidosis. Arch Intern Med 1993; 
153: 2377–80.

33  Tayar J, Jabbour G, Saggi SJ. Severe hyperosmolar metabolic acidosis 
due to a large dose of intravenous lorazepam. N Engl J Med 2002; 346: 
1253–54.

34  Brent J, McMartin K, Phillips S, et al. Fomepizole for the treatment of 
ethylene glycol poisoning. Methylpyrazole for toxic alcohols study 
group. N Engl J Med 1999; 340: 832–38.

35  Brent J, McMartin K, Phillips S, Aaron C, Kulig K. Fomepizole for the 
treatment of methanol poisoning. N Engl J Med 2001; 344: 424–29.

36  Elisaf M, Bairaktari E, Kalaitzidis R, Siamopoulos KC. 
Hypomagnesemia in alcoholic patients. Alcohol Clin Exp Res 1998; 
22: 134.

37  Hermans C, Lefebvre C, Devogelaer JP, Lambert M. Hypocalcaemia 
and chronic alcohol intoxication: transient hypoparathyroidism 
secondary to magnesium defi ciency. Clin Rheumatol 1996; 15: 193–96.

38  Weisinger JR, Bellorin-Font E. Magnesium and phosphorus. Lancet 
1998; 352: 391–96.

39  Elisaf M, Liberopoulos E, Bairaktari E, Siamopoulos K. Hypokalaemia 
in alcoholic patients. Drug Alcohol Rev 2002; 21: 73–76.

40  Whang R, Whang DD, Ryan MP. Refractory potassium repletion. 
A consequence of magnesium defi ciency. Arch Intern Med 1992; 
152: 40–45.

41  Elisaf MS, Siamopoulos KC. Mechanisms of hypophosphataemia in 
alcoholic patients. Int J Clin Pract 1997; 51: 501–03.

42  Richards JR. Rhabdomyolysis and drugs of abuse. J Emerg Med 2000; 
19: 51–56.

43  Gabow PA, Kaehny WD, Kelleher SP. The spectrum of 
rhabdomyolysis. Medicine (Baltimore) 1982; 61: 141–52.

44  Brown CV, Rhee P, Chan L, Evans K, Demetriades D, Velmahos GC. 
Preventing renal failure in patients with rhabdomyolysis: do 
bicarbonate and mannitol make a diff erence? J Trauma 2004; 56: 
1191–96.

45  O’Beirne J, Patch D, Holt S, Hamilton M, Burroughs AK. Alcoholic 
hepatitis-the case for intensive management. Postgrad Med J 2000; 76: 
504–07.

46  Maddrey WC. Alcoholic hepatitis: pathogenesis and approaches to 
treatment. Scand J Gastroenterol 1990; 175 (suppl): 118–30.

47  Mathurin P, Mendenhall CL, Carithers RL Jr, et al. Corticosteroids 
improve short-term survival in patients with severe alcoholic hepatitis 
(AH): individual data analysis of the last three randomized placebo 
controlled double blind trials of corticosteroids in severe AH. 
J Hepatol 2002; 36: 480–87.

48  Cabr E, Rodriguez-Iglesias P, Caballer J, et al. Short- and long-term 
outcome of severe alcohol-induced hepatitis treated with steroids or 
enteral nutrition: a multicenter randomized trial. Hepatology 2000; 32: 
36–42.

49  Schiodt FV, Rochling FA, Casey DL, Lee WM. Acetaminophen toxicity 
in an urban county hospital. N Engl J Med 1997; 337: 1112–17.

50  Dufour MC, Adamson MD. The epidemiology of alcohol-induced 
pancreatitis. Pancreas 2003; 27: 286–90.

51 Dauphine C, Kovar J, Stabile BE, Haukoos JS, de Virgilio C. 
Identifi cation of admission values predictive of complicated acute 
alcoholic pancreatitis. Arch Surg 2004; 139: 978–82.

52  Ely EW, Shintani A, Truman B, et al. Delirium as a predictor of 
mortality in mechanically ventilated patients in the intensive care 
unit. JAMA 2004; 291: 1753–62.

53  Hall W, Zador D. The alcohol withdrawal syndrome. Lancet 1997; 349: 
1897–900.

54 Mayo-Smith MF. Pharmacological management of alcohol 
withdrawal. A meta-analysis and evidence-based practice guideline. 
American Society of Addiction Medicine working group on 
pharmacological management of alcohol withdrawal. JAMA 1997; 
278: 144–51.

55 Mayo-Smith MF, Beecher LH, Fischer TL, et al. Management of 
alcohol withdrawal delirium. An evidence-based practice guideline. 
Arch Intern Med 2004; 164: 1405–12.

56  Chang PH, Steinberg MB. Alcohol withdrawal. Med Clin North Am 
2001; 85: 1191–212.

57  Turner RC, Lichstein PR, Peden JG, Jr, Busher JT, Waivers LE. 
Alcohol withdrawal syndromes: a review of pathophysiology, clinical 
presentation, and treatment. J Gen Intern Med 1989; 4: 432–44.

58  Lukan JK, Reed DN, Jr, Looney SW, Spain DA, Blondell RD. Risk 
factors for delirium tremens in trauma patients. J Trauma 2002; 53: 
901–06.

59  Spies CD, Nordmann A, Brummer G, et al. Intensive care unit stay is 
prolonged in chronic alcoholic men following tumor resection of the 
upper digestive tract. Acta Anaesthesiol Scand 1996; 40: 649–56.

60  Ferguson JA, Suelzer CJ, Eckert GJ, Zhou XH, Dittus RS. Risk factors 
for delirium tremens development. J Gen Intern Med 1996; 11: 410–14.

61  Kraemer KL, Mayo-Smith MF, Calkins DR. Impact of age on the 
severity, course, and complications of alcohol withdrawal. 
Arch Intern Med 1997; 157: 2234–41.

62  Kraemer KL, Mayo-Smith MF, Calkins DR. Independent clinical 
correlates of severe alcohol withdrawal. Subst Abus 2003; 24: 197–209.

63  Saitz R, O‘Malley SS. Pharmacotherapies for alcohol abuse. 
Withdrawal and treatment. Med Clin North Am 1997; 81: 881–907.

64  Richardson JD, Cocanour CS, Kern JA, et al. Perioperative risk 
assessment in elderly and high-risk patients. J Am Coll Surg 2004; 199: 
133–46.

65  Lingford-Hughes A, Nutt D. Neurobiology of addiction and 
implications for treatment. Br J Psychiatry 2003; 182: 97–100.

66  Tsai G, Coyle JT. The role of glutamatergic neurotransmission in the 
pathophysiology of alcoholism. Annu Rev Med 1998; 49: 173–84.

67  Spies CD, Dubisz N, Neumann T, et al. Therapy of alcohol withdrawal 
syndrome in intensive care unit patients following trauma: results of 
a prospective, randomized trial. Crit Care Med 1996; 24: 414–22.

68  Spies CD, Rommelspacher H. Alcohol withdrawal in the surgical 
patient: prevention and treatment. Anesth Analg 1999; 88: 946–54.

69  Spies CD, Otter HE, Huske B, et al. Alcohol withdrawal severity is 
decreased by symptom-orientated adjusted bolus therapy in the ICU. 
Intensive Care Med 2003; 29: 2230–38.

70  Servin FS, Bougeois B, Gomeni R, Mentre F, Farinotti R, 
Desmonts JM. Pharmacokinetics of propofol administered by target-
controlled infusion to alcoholic patients. Anesthesiology 2003; 99: 
576–85.

71  Hodges B, Mazur JE. Intravenous ethanol for the treatment of alcohol 
withdrawal syndrome in critically ill patients. Pharmacotherapy 2004; 
24: 1578–85.



Review

www.thelancet.com   Vol 368   December 23/30, 2006 2241

72  Blondell RD, Dodds HN, Blondell MN, et al. Ethanol in formularies 
of US teaching hospitals. JAMA 2003; 289: 552.

73  Wilson A, Vulcano B. A double-blind, placebo-controlled trial of 
magnesium sulfate in the ethanol withdrawal syndrome. 
Alcohol Clin Exp Res 1984; 8: 542–45.

74  D‘Onofrio G, Rathlev NK, Ulrich AS, Fish SS, Freedland ES. 
Lorazepam for the prevention of recurrent seizures related to 
alcohol. N Engl J Med 1999; 340: 915–19.

75  Fernandez-Sola J, Junque A, Estruch R, Monforte R, Torres A, 
Urbano-Marquez A. High alcohol intake as a risk and prognostic 
factor for community-acquired pneumonia. Arch Intern Med 1995; 
155: 1649–54.

76 Bercault N, Boulain T. Mortality rate attributable to ventilator-
associated nosocomial pneumonia in an adult intensive care unit: a 
prospective case-control study. Crit Care Med 2001; 29: 2303–09.

77  Fine MJ, Smith MA, Carson CA, et al. Prognosis and outcomes of 
patients with community-acquired pneumonia. A meta-analysis. 
JAMA 1996; 275: 134–41.

78  Saitz R, Ghali WA, Moskowitz MA. The impact of alcohol-related 
diagnoses on pneumonia outcomes. Arch Intern Med 1997; 157: 
1446–52.

79  Carpenter JL, Huang DY. Community-acquired pulmonary 
infections in a public municipal hospital in the 1980s. South Med J 
1991; 84: 299–306.

80  Ortqvist A, Hedlund J, Grillner L et al. Aetiology, outcome and 
prognostic factors in community-acquired pneumonia requiring 
hospitalization. Eur Respir J 1990; 3: 1105–13.

81  Community-acquired pneumonia in adults in British hospitals in 
1982-1983: a survey of aetiology, mortality, prognostic factors and 
outcome. The British Thoracic Society and the Public Health 
Laboratory Service. Q J Med 1987; 62: 195–220.

82  Bartlett JG, Finegold SM. Anaerobic infections of the lung and 
pleural space. Am Rev Respir Dis 1974; 110: 56–77.

83  Fuxench-Lopez Z, Ramirez-Ronda CH. Pharyngeal fl ora in 
ambulatory alcoholic patients: prevalence of gram-negative bacilli. 
Arch Intern Med 1978; 138: 1815–16.

84  Macgregor RR, Louria DB. Alcohol and infection. 
Curr Clin Top Infect Dis 1997; 17: 291–315.

85  Gluckman SJ, Macgregor RR. Eff ect of acute alcohol intoxication on 
granulocyte mobilization and kinetics. Blood 1978; 52: 551–59.

86  Macgregor RR, Spagnuolo PJ, Lentnek AL. Inhibition of 
granulocyte adherence by ethanol, prednisone, and aspirin, 
measured with an assay system. N Engl J Med 1974; 291: 642–46.

87  Nilsson E, Lindstrom P, Patarroyo M, et al. Ethanol impairs certain 
aspects of neutrophil adhesion in vitro: comparisons with inhibition 
of expression of the CD18 antigen. J Infect Dis 1991; 163: 591–97.

88  Boe DM, Nelson S, Zhang P, Bagby GJ. Acute ethanol intoxication 
suppresses lung chemokine production following infection with 
Streptococcus pneumoniae. J Infect Dis 2001; 184: 1134–42.

89  Kolls JK, Xie J, Lei D, Greenberg S, Summer WR, Nelson S. 
Diff erential eff ects of in vivo ethanol on LPS-induced TNF and 
nitric oxide production in the lung. Am J Physiol 1995; 268 (pt 1): 
L991–98.

90  Nelson S, Bagby GJ, Bainton BG, Summer WR. The eff ects of acute 
and chronic alcoholism on tumor necrosis factor and the 
infl ammatory response. J Infect Dis 1989; 160: 422–29.

91  Stoltz DA, Nelson S, Kolls JK, et al. In vitro ethanol suppresses 
alveolar macrophage TNF-alpha during simian immunodefi ciency 
virus infection. Am J Respir Crit Care Med 2000; 161: 135–40.

92  Szabo G, Mandrekar P, Catalano D. Inhibition of superantigen-
induced T cell proliferation and monocyte IL-1 beta, TNF-alpha, and 
IL-6 production by acute ethanol treatment. J Leukoc Biol 1995; 58: 
342–50.

93  Mandrekar P, Catalano D, Szabo G. Inhibition of lipopolysaccharide-
mediated NFkappaB activation by ethanol in human monocytes. 
Int Immunol 1999; 11: 1781–90.

94  Nelson S, Kolls JK. Alcohol, host defence and society. 
Nat Rev Immunol 2002; 2: 205–09.

95  Sachs CW, Christensen RH, Pratt PC, Lynn WS. Neutrophil elastase 
activity and superoxide production are diminished in neutrophils of 
alcoholics. Am Rev Respir Dis 1990; 141 (pt 1): 1249–55.

96 von Heymann C, Langenkamp J, Dubisz N, et al. Posttraumatic 
immune modulation in chronic alcoholics is associated with 
multiple organ dysfunction syndrome. J Trauma 2002; 52: 95–103.

97  Sander M, Irwin M, Sinha P, Naumann E, Kox WJ, Spies CD. 
Suppression of interleukin-6 to interleukin-10 ratio in chronic 
alcoholics: association with postoperative infections. 
Intensive Care Med 2002; 28: 285–92.

98 Spies CD, von Dossow V, Eggers V, et al. Altered cell-mediated 
immunity and increased postoperative infection rate in long-term 
alcoholic patients. Anesthesiology 2004; 100: 1088–100.

99  Ware LB, Matthay MA. The acute respiratory distress syndrome. 
N Engl J Med 2000; 342: 1334–49.

100  Moss M, Bucher B, Moore FA, Moore EE, Parsons PE. The role of 
chronic alcohol abuse in the development of acute respiratory 
distress syndrome in adults. JAMA 1996; 275: 50–54.

101  Moss M, Parsons PE, Steinberg KP, et al. Chronic alcohol abuse is 
associated with an increased incidence of acute respiratory 
distress syndrome and severity of multiple organ dysfunction in 
patients with septic shock. Crit Care Med 2003; 31: 869–77.

102  Licker M, de Perrot M, Spiliopoulos A, et al. Risk factors for acute 
lung injury after thoracic surgery for lung cancer. Anesth Analg 
2003; 97: 1558–65.

103  Moss M, Guidot DM, Wong-Lambertina M, Ten Hoor T, Perez RL, 
Brown LA. The eff ects of chronic alcohol abuse on pulmonary 
glutathione homeostasis. Am J Respir Crit Care Med 2000; 
161 (pt 1): 414–19.

104  Bechara RI, Brown LA, Roman J, Joshi PC, Guidot DM. 
Transforming growth factor beta1 expression and activation is 
increased in the alcoholic rat lung. Am J Respir Crit Care Med 
2004; 170: 188–94.

105  Brown LA, Harris FL, Bechara R, Guidot DM. Eff ect of chronic 
ethanol ingestion on alveolar type II cell: glutathione and 
infl ammatory mediator-induced apoptosis. Alcohol Clin Exp Res 
2001; 25: 1078–85.

106  Guidot DM, Modelska K, Lois M, et al. Ethanol ingestion via 
glutathione depletion impairs alveolar epithelial barrier function in 
rats. Am J Physiol Lung Cell Mol Physiol 2000; 279: L127–35.

107  Holguin F, Moss I, Brown LA, Guidot DM. Chronic ethanol ingestion 
impairs alveolar type II cell glutathione homeostasis and function and 
predisposes to endotoxin-mediated acute edematous lung injury in 
rats. J Clin Invest 1998; 101: 761–68.

108  Burnham EL, Brown LA, Halls L, Moss M. Eff ects of chronic alcohol 
abuse on alveolar epithelial barrier function and glutathione 
homeostasis. Alcohol Clin Exp Res 2003; 27: 1167–72.

109  Burnham EL, Moss M, Harris F, Brown LA. Elevated plasma and 
lung endothelial selectin levels in patients with acute respiratory 
distress syndrome and a history of chronic alcohol abuse. 
Crit Care Med 2004; 32: 675–79.

110  Martin GS, Eaton S, Mealer M, Moss M. Extravascular lung water in 
patients with severe sepsis: a prospective cohort study. Crit Care 2005; 
9: R74–82.

111  Urbano-Marquez A, Estruch R, Navarro-Lopez F, Grau JM, Mont L, 
Rubin E. The eff ects of alcoholism on skeletal and cardiac muscle. 
N Engl J Med 1989; 320: 409–15.

112  Fernandez-Sola J, Nicolas JM, Pare JC, et al. Diastolic function 
impairment in alcoholics. Alcohol Clin Exp Res 2000; 24: 1830–35.

113  Betrosian AP, Thireos E, Toutouzas K, Zabaras P, Papadimitriou K, 
Sevastos N. Occidental beriberi and sudden death. Am J Med Sci 2004; 
327: 250–52.

114  Spies CD, Sander M, Stangl K, et al. Eff ects of alcohol on the heart. 
Curr Opin Crit Care 2001; 7: 337–43.

115  Puddey IB, Rakic V, Dimmitt SB, Beilin LJ. Infl uence of pattern of 
drinking on cardiovascular disease and cardiovascular risk factors-a 
review. Addiction 1999; 94: 649–63.

116  Koskinen P, Kupari M, Leinonen H, Luomanmaki K. Alcohol and 
new onset atrial fi brillation: a case-control study of a current series. 
Br Heart J 1987; 57: 468–73.

117  Koskinen P, Kupari M, Leinonen H. Role of alcohol in recurrences of 
atrial fi brillation in persons less than 65 years of age. Am J Cardiol 
1990; 66: 954–58.

118  Djousse L, Levy D, Benjamin EJ, et al. Long-term alcohol 
consumption and the risk of atrial fi brillation in the Framingham 
study. Am J Cardiol 2004; 93: 710–13.

119  Tonnesen H. Alcohol abuse and postoperative morbidity. 
Dan Med Bull 2003; 50: 139–60.

120  Rubin R, Rand ML. Alcohol and platelet function. Alcohol Clin Exp Res 
1994; 18: 105–10.



Review

2242 www.thelancet.com   Vol 368   December 23/30, 2006

121  Tonnesen H, Kehlet H. Preoperative alcoholism and postoperative 
morbidity. Br J Surg 1999; 86: 869–74.

122  Hoyumpa AM. Mechanisms of vitamin defi ciencies in alcoholism. 
Alcohol Clin Exp Res 1986; 10: 573–81.

123  Santhosh-Kumar CR, Bisping JS, Kick SD, Deutsch JC, 
Kolhouse JF. Folate suffi  cient subjects do not accumulate additional 
folates during supplementation. Am J Hematol 2000; 64: 71–72.

124  Tonnesen H. The alcohol patient and surgery. Alcohol Alcohol 1999; 
34: 148–52.

125  Maxson PM, Schultz KL, Berge KH, Lange CM, Schroeder DR, 
Rummans TA. Probable alcohol abuse or dependence: a risk factor 
for intensive-care readmission in patients undergoing elective 
vascular and thoracic surgical procedures. Mayo Perioperative 
Outcomes Group. Mayo Clin Proc 1999; 74: 448–53.

126  Neuenschwander AU, Pedersen JH, Krasnik M, Tonnesen H. 
Impaired postoperative outcome in chronic alcohol abusers after 
curative resection for lung cancer. Eur J Cardiothorac Surg 2002; 22: 
287–91.

127  Paull DE, Updyke GM, Davis CA, Adebonojo SA. Complications 
and long-term survival for alcoholic patients with resectable lung 
cancer. Am J Surg 2004; 188: 553–59.

128  Sonne NM, Tonnesen H. The infl uence of alcoholism on outcome 
after evacuation of subdural haematoma. Br J Neurosurg 1992; 6: 
125–30.

129  Tonnesen H, Schutten BT, Tollund L, Hasselqvist P, Klintorp S. 
Infl uence of alcoholism on morbidity after transurethral 
prostatectomy. Scand J Urol Nephrol 1988; 22: 175–77.

130  Tonnesen H, Rosenberg J, Nielsen HJ, et al. Eff ect of preoperative 
abstinence on poor postoperative outcome in alcohol misusers: 
randomised controlled trial. BMJ 1999; 318: 1311–16.

131  Blondell RD, Looney SW, Krieg CL, Spain DA. A comparison of 
alcohol-positive and alcohol-negative trauma patients. J Stud Alcohol 
2002; 63: 380–83.

132  Jurkovich GJ, Rivara FP, Gurney JG, et al. The eff ect of acute 
alcohol intoxication and chronic alcohol abuse on outcome from 
trauma. JAMA 1993; 270: 51–56.

133  Molina PE, Zambell KL, Norenberg K, et al. Consequences of 
alcohol-induced early dysregulation of responses to trauma/
hemorrhage. Alcohol 2004; 33: 217–27.

134  Spies CD, Neuner B, Neumann T, et al. Intercurrent complications 
in chronic alcoholic men admitted to the intensive care unit 
following trauma. Intensive Care Med 1996; 22: 286–93.

135  Spies CD, Kissner M, Neumann T, et al. Elevated carbohydrate-
defi cient transferrin predicts prolonged intensive care unit stay in 
traumatized men. Alcohol Alcohol 1998; 33: 661–69.

136  Rivara FP, Koepsell TD, Jurkovich GJ, Gurney JG, Soderberg R. The 
eff ects of alcohol abuse on readmission for trauma. JAMA 1993; 
270: 1962–64.

137  McGill V, Kowal-Vern A, Fisher SG, Kahn S, Gamelli RL. The 
impact of substance use on mortality and morbidity from thermal 
injury. J Trauma 1995; 38: 931–34.

138  Gentilello LM, Rivara FP, Donovan DM, et al. Alcohol interventions 
in a trauma center as a means of reducing the risk of injury 
recurrence. Ann Surg 1999; 230: 473–80.

139  Monti PM, Colby SM, Barnett NP, et al. Brief intervention for harm 
reduction with alcohol-positive older adolescents in a hospital 
emergency department. J Consult Clin Psychol 1999; 67: 989–94.

140  Longabaugh R, Woolard RE, Nirenberg TD, et al. Evaluating the 
eff ects of a brief motivational intervention for injured drinkers in 
the emergency department. J Stud Alcohol 2001; 62: 806–16.

141  Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes in 
survivors of the acute respiratory distress syndrome. N Engl J Med 
2003; 348: 683–93.

142  Cook CC, Hallwood PM, Thomson AD. B Vitamin defi ciency and 
neuropsychiatric syndromes in alcohol misuse. Alcohol Alcohol 
1998; 33: 317–36.


	Alcohol abuse in the critically ill patient
	Definitions of alcohol dependence and abuse
	Identifying the problem
	Initial management
	Delirium from alcohol withdrawal
	Pulmonary complications
	Cardiac and haematological dysfunction
	Alcohol and the surgical patient
	Alcohol and trauma
	Long-term complications of critical illness
	Acknowledgments
	References


