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KEY POINTS

� Alcohol abuse and the societal and economic costs of alcohol dependency aremajor prob-
lems in both the United States and throughout the world.

� In susceptible patients, alcohol withdrawal syndrome (AWS) is often precipitated by other
medical or surgical disorders, and AWS can adversely affect the course of these underlying
conditions.

� Although the mortality rate of AWS has decreased over the past few decades, significant
risk for morbidity and death remain if conditions such as multiple trauma, severe sepsis,
acute respiratory failure, and alcoholic liver disease complicate management.
Alcohol abuse and the societal and economic costs of alcohol dependency are major
problems in both the United States and throughout the world.1 More than 8 million
Americans are dependent on alcohol; twice the number who abuse illicit drugs.2

Alcohol abuse is associated with 85,000 deaths in the United States annually as
well as additional morbidity and mortality related to accidents, suicides, family abuse,
and other problems. The combined costs of alcohol abuse in the United States reach
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200 billion dollars each year.3–6 Up to 40% of all emergency department patients have
alcohol in their system, 10% of whom have blood alcohol levels above legal limits.7

Once admitted, 8% of patients of general hospitals have been shown to exhibit signs
and symptoms of the alcohol withdrawal syndrome (AWS), and the prevalence of
these admissions to an intensive care unit (ICU) of inner-city public hospitals may
exceed 20%.8–11 Alcohol abuse directly or indirectly leads to acute and chronic condi-
tions that affect all organ systems, and alcohol-use disorders are particularly common
in critically ill patients.10–15 In the susceptible patient AWS is often precipitated by
other medical or surgical disorders with adverse effects on the course of both comor-
bid conditions and AWS.
This review of AWS focuses on the scope of the clinical problem, historical features,

pathophysiology, clinical presentation, and approaches to therapy, with particular
emphasis on severe AWS that requires ICU management.

SCOPE OF THE PROBLEM

All clinicians are likely to encounter AWS, especially those involved in emergency
medicine, inpatient care, and ICU care. It has been estimated that 500,000 episodes
of AWS require pharmacologic therapy each year in the United States.2 Many patients
with mild signs and symptoms can be managed as outpatients or referred to detoxi-
fication centers16–23; however, a significant number will present with more severe find-
ings, often with comorbid psychiatric, medical, or surgical conditions, requiring
evaluation and assessment in an emergency setting and hospital admission.8,9,14,21–23

For those admitted, a significant proportion may require ICU management. In
a review of 279 episodes of severe AWS in a public hospital over an interval of more
than 2 years, approximately one-third required ICU management.24 Marik and
colleagues10,25 found that more than 20% of patients in an inner-city hospital required
ICU admission, and Mostafa and colleagues26 reported a similarly high percentage of
admissions to an adult ICU for alcohol-associated problems. A high proportion of acute
surgical, burn, and trauma patients will also exhibit signs and symptoms of AWS that
have a significant impact on the management of their surgical problems.12,26–29

Disorders related to alcohol use have an unfavorable effect on the severity and
outcome of a variety of medical and surgical conditions, particularly infections.30–41

MEDICAL AND SOCIAL HISTORICAL PERSPECTIVE

Alcohol abuse, including acute intoxication as well as AWS, no doubt has existed
since the discovery of alcohol. Patrick McGovern of the University of Pennsylvania
describes that in China 9000 years ago, stone-age inhabitants developed a mead
from fermented honey and fruit with up to 10% alcohol content.42 Brewing and wine
making were common throughout much of the Greco-Roman world.43 The Romans
had a god of wine (Bacchus) and were more than familiar with both the acute effects
of alcohol intoxication and the consequences of chronic use (Fig. 1).44 The Latin term
morbis convivialiswas coined during this period to describe the harmful effects of wine
as a result of excess partying.45 Hippocrates described “anxiety, yawning, rigor” as
consequences of drinking; problems which could be healed by drinking wine mixed
with an equal portion of water.46

Adverse effects of alcohol were well known in the Middle Ages, as chronicled in
1314 by the famous physician John of Gaddesden (1280–1360) who was mentioned
in The Canterbury Tales. “The adult must avoid immoderate drinking, because drunk-
enness is extremely harmful.”47 During the seventeenth century William Hogarth
(1697–1764) vividly depicted the effects of excess alcohol in his paintings and



Fig. 1. Valerio Cioli’s statue of Bacchus (Fontana del Bacchino), Roman god of wine, located
in Boboli Gardens, Florence, Italy.
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engravings such as Beer Street and Gin Lane (Fig. 2). Such works depict a period in
which alcohol consumption by modern standards was excessive.43,48,49 Continuing
into the eighteenth century, alcohol abuse was common in Europe and was especially
prevalent in Sweden. The term “chronic alcoholism,” together with some of its medical
complications, was described by the Swedish physician and temperance leader Mag-
nus Huss (1807–1890).50 His accounts of alcohol withdrawal included “tremors of the
lips and tongue and sometimes of the whole body.” Yet some 40 years earlier it was
Fig. 2. William Hogarth’s seventeenth-century etching Gin Lane.
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Thomas Sutton (1767–1835) who coined the term delirium tremens from the Latin as
“trembling delirium,” followed by James Ware (1795–1864) who provided a more
complete clinical description of AWS in 1836.51,52

During the nineteenth century many investigators wrote of alcohol abuse, and some
succumbed to AWS themselves, as in the case of Edgar Allen Poe (1809–1849). InOur
Mutual Friend and other novels, Charles Dickens (1812–1870) described many of the
detrimental effects of alcoholism.53 These and other writings and lectures of Victorian
times depicted the evils of alcohol in Europe and the United States and helped foment
the rise of the temperance movement, culminating in the founding of the Women’s
Christian Temperance Union (WCTU) in 1874 and ultimately the passage of the 18th
Amendment to the Constitution, or Volstead Act, establishing prohibition in the United
States in 1920. The “noble experiment” lasted until 1933. The effects on alcohol
consumption and abuse during this period in the United States were often negligible.
Instead, the era fostered illicit production, distribution, and use of alcohol, and the rise
of organized crime.54,55

Throughout the twentieth century the subject of alcohol abuse was prevalent in liter-
ature and art, and some of the descriptions of alcoholism and withdrawal were accu-
rate and insightful. A variety of artists, authors, actors, and prominent individuals have
been associated with alcohol abuse, including O. Henry, Dylan Thomas, Eugene
O’Neill, John Cheever, Raymond Chandler, and Tennessee Williams among many
others.56 In 1945 the Warner Brothers movie Lost Weekend tragically detailed the
life of an alcoholic played by Ray Milland who is shown to suffer hallucinations and
severe agitation. Other films and television dramas, such as Days of Wine and Roses,
depicted the descent into alcoholism and withdrawal.
Although portrayals of the effects of alcohol abuse could be found in literature as

well as films and television, public figures largely guarded their privacy regarding
complications of alcoholism until Betty Ford (1918–2011), wife of President Gerald
Ford, described her alcohol and drug addiction in 1987. Kitty Dukakis, the wife of
a presidential candidate and Massachusetts governor, was hospitalized in 1989
with complications of alcohol abuse and withdrawal. In 1991 she published a memoir
(Now You Know) describing her battle with alcohol. Both women were instrumental in
subsequently fostering drug and alcohol treatment centers that now bear their names.
Acquisition of scientific as well as societal knowledge of AWS has been a slow and

evolutionary process. In the first years of the eighteenth century the Scottish physician
Thomas Trotter (1760–1832) was the first to characterize excessive drinking as
a disease or medical condition.57 Benjamin Rush (1746–1813), the physician-signer
of the Declaration of Independence, identified alcoholism as a “loss of control” and
used the term addiction in describing alcohol abuse. He is thought to have regarded
alcoholism as a disease, recommending abstinence as the cure.58

The keen diagnostician and clinician, William Osler (1849–1919), made several
crucial observations and comments regarding AWS and its management that were
ahead of his time:

Delirium tremens (mania a pofu) is really only an incident in the history of chronic
alcoholism, and results from the long-continued action of the poison on the
brain.. A spree in a temperate person, no matter how prolonged, is rarely if
ever followed by delirium tremens.. It sometimes develops in consequence of
the sudden withdrawal of the alcohol.. At the onset of the attack the patient is
restless and depressed and sleeps badly.. after a day or two the characteristic
delirium sets in.the patient talks constantly and incoherently; he is incessantly
in motion. hallucinations of sight and hearing develop.there is much muscular
tremor.the pulse is soft and rapid.there is usually fever.the tremor persists for
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some days.by far the most common error is to overlook some local disease,
such as pneumonia.or an accident as a fractured rib.in every instance a careful
examination should be made, particularly of the lungs.should convulsions super-
vene, chloroform may be carefully administered. in the acute, violent alcoholic
mania the hypodermic injection of apomorphia. is usually very effectual. with-
drawal of the alcohol is the first essential. most effectively accomplished by
placing the patient in an institution, in which he can be carefully watched during
the trying period of the first week or ten days of abstention. for the sleeplessness
the bromides or hyoscine may be employed. prolonged seclusion in a suitable
institution is in reality the only effectual means of cure. in delirium tremens the
patient should be confined to bed and carefully watched night and day. delirium
tremens is a disease which in a large majority of cases runs a course very slightly
influenced by medicine. the indications for treatment are to procure sleep..
Chloral is often of great service and may be given without hesitation. opium
must be used cautiously..59
Over the past century, treatment of AWS has been facilitated by advances in phar-
macology. The sedative, chloral hydrate, was available during the late 1800s, including
illicit use as “knockout drops.” As noted by Osler, the drug was used to control agita-
tion and other signs and symptoms of AWS, and remained a standard approach to
pharmacologicmanagement of AWS formany years.60–63 Chloral hydrate and its active
metabolite, trichloroethanol, has been subsequently found to have barbiturate-like
effects on g-aminobutyric acid (GABA)-A receptors.61,62 Paraldehyde was first intro-
duced in clinical medicine in the 1880s but was not routinely given for treatment of
delirium tremens until decades later. Paraldehyde can be administered orally, rectally,
intravenously, or intramuscularly, although the latter route is painful and may lead to
tissue necrosis and sterile abscesses. Because of its metabolism and excretion, paral-
dehyde can readily be detected on the breath. Wards for alcohol detoxification could
easily be identified by their distinctive odor. Despite these limitations, paraldehyde was
a standard agent in the management of AWS until the 1970s.60,63–66

The parent compound of barbiturates, barbituric acid, was first synthesized in the
nineteenth century and spawned a variety of barbiturate products. Phenobarbital is
one of the most common drugs of this class of sedatives, and remains a useful agent
in the management of AWS.67–69 A huge number of sedative, antiadrenergic, anal-
gesic, antipsychotic, antihistaminic, anticonvulsant, and hypnotic agents, including
phenothiazine heterocyclic compounds such as promazine and chlorpromazine,
have been used in the treatment of AWS.70–75 Since the early 1960s the benzodiaze-
pines have become the most prescribed agents for AWS, although there is ongoing
evaluation of agents that may be useful in the management of this syndrome. Magne-
sium, other electrolytes, and vitamins are also routinely supplemented. Techniques
to identify and score severity of AWS and to titrate sedation have facilitated
management.76–86

The recognition of alcohol-use disorders as disease entities as well as their clinical
description dates from 1935 with the founding of Alcoholics Anonymous (AA), initially
as the Oxford Group, with religious ties, but subsequently expanded with a more
secular emphasis. AA famously developed the 12-step program that emphasizes
abstinence.54 The organization has had broad lay support, and has helped increase
awareness of alcohol-use disorders and the concept that alcoholism is a clinical entity.
Terminology has evolved and been refined over the past several decades, and scien-
tifically based medical management of withdrawal and alcohol-use disorders can be
traced to the mid-twentieth century. Treatment also has been facilitated by advances
in the pharmacology of sedative agents.
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Although organized detoxification and rehabilitation efforts could be found in the
late 1940s with sites such as the Stella Maris Center in Cleveland, widespread avail-
ability of such centers are of more recent origin.16–20,54

Yet it was not until 1956 that the American Medical Association (AMA) declared
alcoholism a disease, and eventually in 1971 the National Conference of Commis-
sioners on Uniform State Laws adopted the Uniform Alcoholism and Intoxication
Treatment Act. This Act led to the increase in prevalence and acceptance of detoxifi-
cation programs. Following AA’s promotion of alcohol abuse as a medical disorder,
the publication of The Disease Concept of Alcoholism by E.M. Jellinek in 1960 was
a powerful factor in the acceptance of this concept and the implementation of
programs that offered specific medical management.87–89 Jellinek (1890–1963), who
originally trained as a plant physiologist, was a pioneering researcher at the Yale
Center for Alcohol Studies and wrote extensively on the disease concept of alcohol
abuse.
The AMA reaffirmed the classification of alcoholism as a disease in 1991 within both

its psychiatric and medical sections. Since the late 1980s the US Supreme Court and
the American Bar Association have affirmed that alcohol or drug dependence is
a disease and that treatment and payment thereof is justified. The American Society
of Addiction Medicine and the AMA have extensive policies regarding alcoholism,
and the American Psychiatric Association recognizes both alcoholism and alcohol
dependence. Other organizations, such as the American Hospital Association, the
American Public Health Association, the National Association of Social Workers,
and the American College of Physicians, recognize alcoholism as a disease. The
National Institutes of Health includes the National Institute on Alcohol Abuse and Alco-
holism (NIAAA), one of the major funding bodies for research on this topic in the United
States. Throughout the United States, units such as the Betty Ford center and other
acute-intervention sites for alcoholism are now prevalent. Acute treatment of alcohol
withdrawal and subsequent rehabilitation efforts have now become a multidisciplinary
activity.18,89

Although Osler clearly identified the relationship of withdrawal from alcohol and the
syndrome we now know as AWS, this idea was not well established until the 1950s.
Many clinicians believed that the syndrome accompanied ongoing heavy consump-
tion of ethanol. However, Isabell and colleagues90 demonstrated the relationship of
cessation of drinking and the development of AWS symptomatology, especially with-
drawal seizures. Victor and Adams confirmed these observations by showing that
patients who lacked availability of alcohol developed tremulousness, hallucinations,
seizures, and delirium.91

Since those pioneering studies, the neurochemical pathophysiology of AWS has
been the subject of intense study, with identification of several mediators and alter-
ations of neurotransmitter systems. This work has provided new options for pharma-
cologic management.
In concert with progress to unravel the mechanisms accounting for AWS, improve-

ments in critical-care monitoring and care have improved the outlook for patients with
severe AWS. Mortality of severe AWS, particularly delirium tremens, has decreased
dramatically over the past few decades. Despite these advances, severe AWS
remains a clinical challenge.
PATHOPHYSIOLOGY OF AWS

Until the middle of the twentieth century many physicians accepted the concept that
signs and symptoms now regarded as AWS were related to the acute effects of
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alcohol or other factors. In 1953 Victor and Adams91 observed “it is difficult to escape
the conclusion that the clinical states under discussion depend for their production not
only on the effects of prolonged exposure to alcohol, but temporally, on abstinence
from the drug”. Complementing and expanding on Victor’s findings, Isabell and
colleagues90 demonstrated that “rum fits” and delirium could be induced by with-
holding alcohol after continuous administration to subjects. These and other
ground-breaking observations led to the hypothesis stated by Sellers and Kalant60

that AWS results from “acquired tolerance and physical dependence on ethanol
with neurophysiologic alterations that offset the depressant effects of alcohol on
neuronal excitability, impulse conduction and transmitter release.” Subsequently
there has been a watershed of biochemical, genetic, cellular, and subcellular studies
on the genesis of AWS. Clinical and experimental work has demonstrated that
although specific neurochemical adaptations appear crucial to the development of
AWS, the process is multifactorial. Several avenues of research have yielded insights
into the biology of AWS and potential avenues of treatment.

Sympathetic Stimulation and Adrenocortical Alterations

Characteristic features of AWS include tachycardia, diaphoresis, and hypertension,
consistent with sympathetic hyperactivity. Studies by Carlsson, Perman, Klingman,
Giacobini, and others documented that secretion and excretion of epinephrine and
norepinephrineand theirmetabolitesare increasedafter administrationof alcohol.92–106

The increased catecholamine levels result from decreased inhibitory activity of a2
receptors on presynaptic neurons. Accordingly, there is a general increase in auto-
nomic activity over an interval of several days as patients progress to more severe
stages of AWS (Figs. 3 and 4). These observations and experimental studies have
led to clinical trials with b-adrenergic blocking agents as well as a2 agonists, including
clonidine and dexmedetomidine.107–118 b-Adrenergic blocking agents have been help-
ful in treating tachycardia and hypertension, but delirium is a potential side effect of
these drugs, and agitation, delirium, or seizures may not be adequately controlled
by these agents.115
Fig. 3. Autonomic activity related to alcohol withdrawal signs and symptoms. (Adapted from
Turner RC, Lichstein PR, Peden JG Jr, et al. Alcohol withdrawal syndromes: a review of patho-
physiology, clinical presentation, and treatment. J Gen Intern Med 1989;4(5):432–44; with
permission.)



Fig. 4. Multifaceted pathogenesis of alcohol withdrawal syndrome. (Data from Glue P, Nutt
D. Overexcitement and disinhibition: dynamic neurotransmitter interactions in alcohol with-
drawal. Br J Psychiatry 1990;157:491–9.)
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During the stress of withdrawal, increases in hydrocortisone and other adrenal
hormones, as well as corticotropin-releasing factor (CRF), are observed.119 CRF
antagonists block some of the responses induced by withdrawal.119–123 Therefore,
alcohol inhibits sensitivity of the autonomic adrenergic system with consequent upre-
gulation. When alcohol is stopped, central nervous system (CNS) and peripheral
noradrenergic systems are activated.92,118

Glutamatergic Neurotransmitters

Glutamate is an important excitatory CNS neurotransmitter that affects N-methyl-D-
aspartate (NMDA), metabotropic, and ionotropic receptors. Glutamate receptors are
located on cell surfaces that are found on most neurons and some glial cells. The ion-
otropic receptors are ion channels that, on activation, lower neuronal cell membrane
potential by transmembrane movement of cations such as sodium, potassium, and
calcium. Calcium entry also affects other intracellular processes as a second
messenger. In 1989 Lovinger and colleagues124 demonstrated that alcohol directly
inhibits ion flow through the NMDA receptor.
Acute administration of ethanol leads to a suppression of NMDA receptor function

and the symptoms of intoxication with sedative, amnestic, and anxiolytic effects.
Chronic alcohol use leads to upregulation of the receptor with agitation and other
components of AWS.97–99,124–135 These changes are thought to help explain the
development of ethanol tolerance, craving, and dependence as well as withdrawal
symptomatology, including tachycardia and hypertension; an arousal state that leads
to seizures, tremors, delirium tremens, and excitotoxic neuronal death.97 Homocys-
teine has been found to play a role in the overstimulation of NMDA receptors and
has been implicated in alcohol-withdrawal seizures.100,136,137

There are interactions between the NMDA system and other neurotransmitters,
including the dopaminergic system. Dopaminergic dysfunction has been related to
depressive symptoms in alcohol withdrawal and decreases in dopamine D2 receptors
have been detected in alcoholics.138–140 Peripheral dopamine and NMDA-receptor
activity in lymphocytes are altered during withdrawal, and are potential candidates as
biological markers to assess withdrawal and responsiveness to therapy.140 Not only
has a relationship been found between delirium tremens and alcohol-related seizures
to the dopamine transporter (DAT) gene, but other genes affecting dopamine metabo-
lism have also been linked to withdrawal symptomatology.121,138–143 Accordingly,
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multiple genes are thought to be involved in AWS, which affect dopamine, serotonin,
NMDA, and opioidergic systems.

GABAergic Effects of Alcohol

The largest body of research and main approaches to management of AWS has been
related to the effects of alcohol on GABA activity, a major neuroinhibitory system. The
effects of alcohol on both the GABAergic system and NMDA are enhancing and
complementary.127 Since their introduction in 1958 with the drug chlordiazepoxide,
the benzodiazepines, which have major GABA activity, have become the standard
with which other sedatives are compared in the management of AWS.115,143 The
neurochemistry that accounts for these beneficial results has revealed that these
drugs, as well as barbiturates, some anticonvulsants, anesthetics, endogenous neuro-
steroids, and others, affect the inhibitory neurotransmitter GABA and the GABA-A
subtype of GABA receptors that affect ligand-gated GABA-induced ionic
currents.144,145 When the GABA receptor is activated there is an influx of chloride
ions through the postsynaptic membrane, causing an inhibition of transmission due
to hyperpolarization of the nerve ending. There are at least 3 interacting parts of the
postsynaptic receptor complex to which GABA combines: (1) the GABA-receptor
sites, (2) a benzodiazepine site, and (3) a picrotoxinin site. Collectively these represent
the benzodiazepine-GABA-receptor-ionophore complex.95,146

Alcohol increases the number of low-affinityGABA-receptor sites; duringwithdrawal,
the affinity is decreased.95 AWS is associated with blunting of GABA inhibition with
resultant signs and symptoms of agitation, psychomotor activity, and the likelihood
of seizures. Accordingly, development of drugs that affect the GABA-receptor system
has been one of the primary therapeutic approaches to AWS.13–24,115,118,144–150 These
agents have included the benzodiazepines, barbiturates, baclofen, gabapentin clome-
thiazole, pregablin, g-hydroxybutyrate (GHB), valproic acid, tiagabine, vigabatrin, and
others.69,145,148,151–154

Serotonin, Opioids, Nicotinic Cholinergic Receptors, and Electrolyte Disturbances

Other neurochemical systems have also been implicated in the pathogenesis of AWS.
Alcohol stimulates the release of endogenous opioids, and this release is altered with
the development of tolerance and withdrawal.6 The observation that patients
frequently have coexisting tobacco and alcohol abuse stimulated investigation on
nicotinic cholinergic receptors.154–156 Ethanol affects the activity of other gated ion
channels, including serotonin (5-HT), and several 5-HT genes are associated with
alcohol-use disorders.121,157,158 Serotogenic factors may also have a facilitative role
on dopamine pathways.121 The array of mechanisms that involve genetic aspects of
AWS is complex, but knowledge of these processes is expanding rapidly.142

Reductions of extracellular fluids, including blood volume, are commonly observed
in AWS, and fluid repletion represents an important component of management.159

Several electrolyte defects ensue during AWS and play a role in its pathogenesis.
Since the 1950s hypomagnesemia has been identified as an important aspect of
AWS and has been linked to the risk of seizures.160 Magnesium interacts with
NMDA and possibly other receptor systems, as well as a host of intracellular
processes. Low magnesium levels are associated not only with seizures but also
with cardiac arrhythmias.161 Potassium, phosphate, and vitamin deficiencies, partic-
ularly thiamine, may also contribute to the pathogenesis of AWS.
An integrated schema depicting the pathogenesis of AWS, including the GABA and

NMDA receptor systems, electrolyte disturbances, and genetic and other factors was
developed by Glue and Nutt143 (see Fig. 4). Although other processes may also be
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involved, the schema illustrates the multifactorial nature of AWS and provides the clini-
cian with a useful framework for understanding the syndrome.
CLINICAL FEATURES AND PRINCIPLES OF MANAGEMENT

After prolonged heavy intake of alcohol, AWS begins a few hours after cessation or
decrease in consumption, associatedwith falling or absent bloodalcohol levels. Admis-
sion blood alcohol assessments have been used as risk factors for development of
AWS, although time from the last drink, delays in assessment, and other factors cloud
the predictive value of such analyses.162 As noted by Osler, intermittent or binge
drinking does not lead to AWS. Although age may range from the 20s to those in their
mid-70s, the typical patient is amiddle-agedman. In the authors’ reviewof 279 patients
with AWS admitted to an inner-city hospital from 2005 to 2007, the mean age was 45
years and91%weremale.24 Thesedemographic findings havebeen remarkably similar
over many decades.10,27,75,78,107,111,163–168 Older patients are likely to have a more
complex and potentially fatal course.2,8,9,13–15,20,163–165,169–174 The youngest patient
in the series was 23 years old; although it is uncommon to see patients in their early
20s because the syndrome develops only after several years of excessive drinking. A
history of alcohol-use disorders is commonly obtained, and many patients will have
had multiple prior episodes of AWS.166,167

Repeated bouts of AWS have been found to be a risk for a more severe course,
described as the kindling effect or allostasis.173–175 Other factors that may point to
a more severe course of AWS are those with a greater maximum number of drinks
in any 24-hour period, more withdrawal episodes, more nonmedical use of
sedative-hypnotics, and other medical problems.163,164,167,175,177 Approximately
10% of patients in the authors’ series were documented to have at least 2 episodes
of AWS during the 2.7-year interval of the study, although severity and course did
not appear to be correlated with prior episodes.
The patient’s psychiatric history must also be taken into account, as alcohol may

induce various psychiatric problems including alcohol-induced mood or anxiety
disorder, or alcohol-induced psychotic disorder. A variety of underlying psychiatric
conditions may be present, such as antisocial personality disorder, other drug abuse
or dependence, mania and schizophrenia, and bipolar I and major anxiety disor-
ders.167,177–179 Alcohol may therefore be taken in excess to offset psychiatric
symptoms.
Patients are usually referred to inpatient facilities after initial evaluation in a detoxifi-

cation center, or admitted to psychiatric, medical, or surgical units with a coexisting
medical or surgical problem. In some instances, manifestations of AWS become
apparent only after admission, as the syndrome is aggravated or precipitated by acute
intercurrent medical, surgical, or psychological stresses. Alcohol-use disorder or with-
drawal is well known to increase the morbidity and mortality of these condi-
tions.9,12,27–31,33,37–39,41 Risk factors for a protracted and severe course of AWS are
shown in Box 1. The initial evaluation should determine if the signs and symptoms
are related to AWS or another process and if other agents have been ingested. The
clinician should assess the risk of progression to more advanced stages of AWS,
perform a complete evaluation of the patient’s clinical status, including comorbid
conditions, and initiate management as needed. For patients who can be treated as
an outpatient, referral to a rehabilitation program should be initiated.
Diagnostic criteria for alcohol withdrawal are defined within the Diagnostic and

Statistical Manual of Mental Disorders of the American Psychiatric Association
(Box 2). In general, the fully developed syndrome includes 4 progressively more



Box 1

Risk factors for severe course of AWS, including seizures and delirium

1. Prior episodes of AWS requiring detoxification, including seizures or delirium (kindling)

2. Grade 2 severity or higher on presentation (CIWA-Ar Score >10)

3. Advanced age

4. Acute or chronic comorbid conditions, including alcoholic liver disease, co-intoxications,
trauma, infections, sepsis

5. Detectable blood alcohol level on admission

6. Use of “eye opener,” high daily intake of alcohol, or number of drinking days/month

7. Abnormal liver function (serum aspartate aminotransferase activity >80 U/L)

8. Prior benzodiazepine use

9. Male sex

Abbreviation: CIWA-Ar, Clinical Institute of Withdrawal Assessment for Alcohol, revised.
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severe levels or stages (Table 1).15,63,169–171,181,182,184,185 Some clinicians do not use
the 4-tiered staging system, as patients may not progress sequentially and there is the
potential for overlap. Nevertheless, the system provides a helpful approach to the clin-
ical evolution and features of the syndrome.171
Box 2

Diagnostic criteria for alcohol withdrawal

A. Cessation of (or reduction in) alcohol use that has been heavy and prolonged

B. Two (or more) of the following developing within several hours to a few days after
criterion A

1. Autonomic hyperactivity (eg, sweating or pulse rate >100/min)

2. Increased hand tremor

3. Insomnia

4. Nausea or vomiting

5. Transient visual, tactile, or auditory hallucinations or illusions

6. Psychomotor agitation

7. Anxiety

8. Grand mal seizures

C. The symptoms in criterion B cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning

D. The symptoms are not due to a general medical condition and are not accounted for by
another mental disorder

Specify if with perceptual disturbances. This specifier may be noted in the rare instance when
hallucinations with intact reality testing or auditory, visual, or tactile illusions occur in the
absence of a delirium. Intact reality testing means that the person knows that the hallucina-
tions are induced by the substance and do not represent external reality. When hallucinations
occur in the absence of intact reality testing, a diagnosis of substance-induced psychomotor
disorder, with hallucinations, should be considered.

FromDiagnostic and statistical manual of mental disorders. 4th edition. Text revision. Washing-
ton, DC: American Psychiatric Association; 2000. p. 216; with permission.



Table 1
Stages of alcohol withdrawal syndrome

Stage Onset Signs and Symptoms

1 81 h after cessation or reduction
of alcohol intake

Mild tremulousness, nervousness, nausea;
with or without tremor, tachycardia,
hypertension

2 Approximately 24 h; may be
up to 8 d

Marked tremors, diaphoresis, hyperactivity,
insomnia. Lucid, but may have nightmares
or illusions—may progress to
hallucinations (visual, tactile, or auditory)

3 12–48 h Similar to stage 2, plus tonic-clonic seizures—
may be multiple; one-third progress to
stage 4

4 Usually 3–5 d; may be delayed
up to 12 d

Delirium tremens, typically with ongoing
agitation, hyperactivity, global confusion;
often with cardiovascular, respiratory,
metabolic, and other abnormalities

Data from Behnke RH. Recognition and management of alcohol withdrawal syndrome. Hosp Pract
1976;11:79–84.
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Within a few hours of abstinence the patient develops tremulousness, nervousness
and, frequently, nausea and vomiting. This “hangover” interval or stage 1 may be the
only manifestation, and most patients will not progress to more severe aspects of
AWS. The patient may seek additional alcohol, such as a morning “eye opener” or
“hair of the dog” to alleviate symptoms.
The Clinical Institute of Withdrawal Assessment for Alcohol (CIWA-Ar) scale is used

to assess severity and progression of AWS (Table 2). The scale includes 10 items and
requires patient participation. A score of less than 10 reflects mild AWS (stage 1). If
there is no progression or complicating factors, pharmacologic management or
admission is not required. The CIWA-Ar may be repeated after an interval of observa-
tion. Increases in the score reflect progression of AWS, and should prompt admission
and management procedures. Another tool is the AWS scale, a simplified version of
the CIWA-Ar that is shorter and easier to administer.80 Neither of these scales has
been validated for ICU patients, and scores are altered by pain, other medical or
surgical issues, and the administration of sedation agents. Clinicians should exercise
considerable caution when administering these screening tools. Hecksel and
colleagues183 found that the CIWA-Ar may be applied inappropriately to patients
without confirmed history of alcohol abuse and limited communication abilities, result-
ing in erroneous data and potentially harmful management. CIWA-Ar scores greater
than 10 require further evaluation and development of admission goals of therapy,
including measures to abort progression, management of symptomatology, treatment
of comorbid conditions and complications, and preparation of the patient for long-
term rehabilitation (Box 3).169,170,181,184,185

Stage 2 typically develops within 24 to 48 hours; onset may be delayed by intercur-
rent problems or sedatives. Agitation, tremulousness, and hyperactivity are the most
prominent features, and patients will exhibit tachycardia, hypertension, diaphoresis,
and other manifestations of increased sympathetic activity plus a tremor of 6 to 8
cycles per second. The patient remains lucid and oriented, but insomnia can be
a significant problem. The patient may attempt to climb out of bed, pull at catheters,
or dislodge monitoring devices, and may require physical restraints; although at this
juncture the subject will temporarily calm to requests by the bedside staff. Because of



Table 2
Clinical Institute Withdrawal Assessment for Alcohol, revised (CIWA-Ar)

Nausea-Vomiting: Ask: Do you
feel sick to your stomach? Have
you vomited? (Observation)
0. No nausea-vomiting
1. Mild nausea, no vomiting
2. –
3. –
4. Intermittent nausea with

dry heaves
5. –
6. –
7. Constant nausea, frequent

dry heaves

Visual Disturbances: Ask: Does light appear too
bright? Is color different? Does it hurt your eyes?
Are you seeing anything that is disturbing to
you? Are you seeing things you know aren’t
there?
0. Not present
1. Very mild sensitivity
2. Mild sensitivity
3. Moderate sensitivity
4. Moderately severe hallucinations
5. Severe hallucinations
6. Extremely severe hallucinations
7. Continuous hallucinations

Paroxysmal Sweats: (Observation)
0. No sweat observed
1. –
2. –
3. –
4. Beads of sweat on forehead
5. –
6. –
7. Drenching sweats

Tactile Disturbances: Ask: Have you any itching,
pins-needles sensations, any burning, any
numbness or do you feel bugs crawling on or
under your skin? (Observation)
0. None
1. Very Mild itching, pins-needles, burning-

numbness
2. Mild itching, pins-needles, burning-

numbness
3. Moderate itching, pins-needles,

burning-numbness
4. Moderately severe hallucinations
5. Severe hallucinations
6. Extremely severe hallucinations
7. Continuous hallucinations

Agitation: (Observations)
0. Normal activity
1. Somewhat more than normal
2. –
3. –
4. Moderately fidgety, restless
5. –
6. –
7. Paces back-forth most of

interview, constantly
thrashes about

Auditory Disturbances: Ask: Are you more aware
of sounds around you? Are they harsh? Do they
frighten you? Are you hearing anything that is
disturbing to you? Are you hearing things you
know aren’t there? (Observation)
0. Not present
1. Very mild harshness or ability to frighten
2. Mild harshness or ability to frighten
3. Moderate harshness or ability to

frighten
4. Moderately severe hallucinations
5. Severe hallucinations
6. Extremely severe hallucinations
7. Continuous hallucinations

Headache, Fullness in Head: Ask: Does
you head feel different? Does it feel like
a band is around your head? (do not
rate for dizziness or light-headedness)
0. Not present
1. Very mild
2. Mild
3. Moderate
4. Moderately severe
5. Severe
6. Very severe
7. Extremely severe

Orientation/Clouding of Sensorium: Ask:
What day is today? What is this place?
0. Oriented and can do serial additions
1. Cannot do serial additions or uncertain

regarding date
2. Disoriented for date by no more than

2 d
3. Disoriented for date by >2 calendar days
4. Disoriented for place and/or person

(continued on next page)
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Table 2
(continued)

Anxiety: Ask: Do you feel nervous?
(Observation)
0. None
1. Mildly anxious
2. –
3. –
4. Moderately anxious, guarded,

so anxiety is inferred
5. –
6. –
7. Equivalent to acute panic states

TOTAL CIWA-Ar SCORE: _____________

Tremor: Extend arms, spread
fingers apart (Observation)
0. None
1. Barely visible, but can feel
2. –
3. –
4. Moderate with arms extended
5. –
6. –
7. Severe, even with arms not extended

Adapted from Sullivan JT, Sykora K, Schneiderman J, et al. Assessment of alcohol withdrawal: the
revised clinical institute withdrawal assessment of alcohol scale (CIWA-Ar). Br J Addict
1989;84:1353–7; with permission.
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progressive agitation and the need for pharmacologic management, hospital admis-
sion is indicated. The CIWA-Ar score is typically 10 to 18 or higher, corresponding to
moderate to severe AWS. Kraemer and colleagues164 documented that an initial
CIWA-Ar score of more than 10 was statistically correlated with severe AWS. Scores
of 15 to 18 or greater have been associated with significant risk of major complica-
tions if not treated.115,118,164 In addition to trauma or other surgical conditions,
comorbid medical disorders include pancreatitis, gastrointestinal hemorrhage, alco-
holic ketoacidosis, and multiple cardiovascular disturbances, as well as infections,
particularly pneumonia. Pneumonia and respiratory failure are the most common
complications.13–15,20,22,68,169,174

Those with a protracted history of alcoholism may exhibit signs and symptoms of
liver disease, including alcoholic hepatitis, jaundice, coagulopathy, and manifesta-
tions of portal hypertension. When hepatic encephalopathy coexists with AWS, diag-
nosis and management are more difficult. Both conditions are associated with
seizures, but hepatic encephalopathy is characteristically a syndrome of CNS
Box 3

Alcohol withdrawal syndrome admission management goals

1. Monitor course of syndrome, ensuring patient safety

2. Use methods to abort progression and treat symptoms

3. Manage comorbid medical, surgical, toxicologic, and psychiatric problems

4. Anticipate need for intensive care monitoring and therapy

5. Ensure multidisciplinary approach to management, including preparation for rehabilitation
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depression, whereas AWS is a state of general arousal. In contrast to AWS, hepatic
encephalopathy involves endozepines or benzodiazepines of natural origin that act
on the GABA-A receptor complex, resulting in increased inhibitory activity.186,187

Other processes affecting mentation such as hypoglycemia, CNS trauma, bleeding
or infection, or other intoxications should be excluded. Fluid losses and malnutrition,
as well as electrolyte defects, including magnesium, should be anticipated. These
defects require prompt therapeutic attention.159–161,169,188–190 Rubeiz and
colleagues191 documented an association between mortality and hypomagnesemia
in alcohol-abuse patients admitted to an ICU.
An initial laboratory panel should be obtained, including a complete blood count,

serum glucose, electrolytes including magnesium, and renal function tests. Studies
may also include serum calcium, phosphorus, liver function and coagulation studies,
urine toxicology screen, blood alcohol level, and chest radiograph. Additional imaging
as well as studies to detect gastrointestinal bleeding should be considered, plus
a baseline electrocardiogram, cardiac biomarkers, lipase and creatine kinase activity,
arterial blood gas, and sputum analysis with Gram stain and culture (Box 4).
Many institutions have protocols for AWS management that include vitamin supple-

mentation, particularly thiamine. The development of Wernicke encephalopathy can
be prevented by thiamine administration. Multivitamins given by “banana bag” intra-
venous (IV) infusions are routinely ordered, although controlled studies to assess
the effectiveness of this practice are lacking. Nutritional support is an important
concern, but the implementation of feeding may increase the risk of aspiration. If
possible, enteral nutrition is preferred, but the selection of oral, nasogastric, nasoduo-
denal, or parenteral nutritional supplementation should be individualized.
For patients with stage 2 or higher, sequential CIWA-Ar evaluations should be sup-

plemented with the results of agitation and sedation scoring studies, which may be
used to titrate sedation. There are several agitation/sedation scales in wide use,
although the Richmond Agitation Sedation Scale (RASS) is currently the most popular
method (Table 3).81–84
Box 4

Admission studies for patients with moderate to severe alcohol withdrawal syndromea

1. Complete blood cell count

2. Baseline metabolic panel with serum electrolytes (including magnesium), glucose, renal
function tests

3. Blood alcohol, and urine and blood toxicology studies

4. Serum calcium, phosphate, lipase, CPK activity

5. Liver function tests, including INR and serum AST, ALT, bilirubin, ammonia

6. Chest radiograph

7. Electrocardiogram, cardiac biomarkers, echocardiogram

8. Urinalysis

9. Arterial blood gas analysis

10. Blood, urine, and sputum cultures

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine
phosphokinase; INR, international normalized ratio.

a Laboratory, imaging, and clinical evaluations must be individualized.



Table 3
Richmond Agitation-Sedation Scale (RASS)

Score Description Definition

14 Combative Overtly combative, violent, risk to staff

13 Very agitated Pulls at tubes, aggressive

12 Agitated Frequent movements, dyssynchrony with ventilator

11 Restless Anxious, apprehensive

0 Alert, calm

�1 Drowsy Not fully alert, but awakens for >10 s with eye contact to voice

�2 Light sedation Briefly (<10 s) awakens and makes eye contact to voice

�3 Moderate sedation Any movement, but no eye contact to voice

�4 Deep sedation No voice response, but movement to physical stimulation

�5 Unarousable No response to voice or physical stimulation

Adapted from Sessler CN, Gosnell MS, Grap MJ, et al. The Richmond Agitation-Sedation Scale:
validity and reliability in adult intensive care unit patients. Am J Resp Crit Care Med
2002;166(10):1338–44; with permission.

Carlson et al564
Advanced stage 2 is manifested by nightmares and disordered perception with
visual, tactile or, occasionally, auditory hallucinations. An important distinguishing
feature of alcohol-withdrawal hallucinations is that the patient remains lucid. The
subject will recognize that the illusions are related to the withdrawal process, but
the perceptions are nevertheless vivid and frequently frightening. A CIWA-Ar score
of 20 or higher is typically recorded at this time, consistent with severe AWS.118,164,171

There should be a low threshold to transfer the patient to a critical care unit. Approx-
imately one-third of patients in the study by Monte and colleagues,174 and in the
authors’ review, required ICU care. Kraemer and colleagues164 found that 24% of
patients referred from a detoxification center met criteria for severe AWS and a higher
level of care. Indications for transfer to an ICU include advanced stage 2 or greater
AWS, requirement for intensive sedation and monitoring, respiratory failure, hemody-
namic instability, and comorbid conditions such as trauma, gastrointestinal bleeding,
acute CNS processes, or marked fluid and electrolyte and renal disorders (Box 5).
Stage 3 includes signs and symptoms of advanced stage 2 AWS, plus tonic-clonic

(grand mal) seizures. Although seizures may develop at any time during the course,
they may be recurrent, typically occur within 24 to 48 hours, and may affect up to
one-third of hospitalized patients.90,91,182 Seizures are more common in patients
with a history of epilepsy.192 Isolated AWS-related seizures do not require long-term
Box 5

Potential indications for ICU management

1. Advanced Stage 2 or greater alcohol withdrawal syndrome

2. Critical comorbid conditions including: trauma; severe sepsis; respiratory failure; acute
respiratory distress syndrome; hemodynamic instability; gastrointestinal bleeding; hepatic
failure; pancreatitis; rhabdomyolysis; co-intoxication; coagulopathies; acute CNS process;
cardiac arrhythmias, ischemia, or congestive failure; severe fluid or electrolyte defects; renal
failure; persistent fever; or complex acid-base defects

3. Escalating intravenous bolus or continuous-infusion sedation therapy

4. Persistent fever >39�C
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anticonvulsant therapy and are inconsistently responsive to phenytoin.193 Status epi-
lepticus may occur but is relatively uncommon in AWS. A significant proportion of
patients with seizures progress to stage 4 and are at increased risk for complications
such as aspiration pneumonia and rhabdomyolysis.64,170,194

The most severe form of AWS is stage 4, alcohol-withdrawal delirium or delirium tre-
mens.60,63,64,182 Alcohol-withdrawal delirium is characterized by marked autonomic
hyperactivity as well as global CNS clouding (Box 6). Delirium may be present on
admission, particularly if there has been a delay in medical evaluation. However, in
the typical course of AWS delirium tremens does not occur within the first 2 days.
Earlier reports suggested that fewer than 8% of hospitalized patients progress to

delirium tremens.64,65,91 Kraemer and colleagues164 found 1% of patients with severe
AWS developed delirium. Yet other studies have found that alcohol-withdrawal delirium
may occur more frequently. Wojnar and colleagues166 reported delirium in nearly all
patients admitted to a Polish medical center over an interval of 14 years, usually with
one or more accompanying somatic disorders. Concurrent acute medical illnesses
were associated with delirium in 24% of admissions observed by Ferguson and
colleagues.163 These conditions may include infectious diseases, tachycardia at admis-
sion, a detectable blood alcohol level, and a history of seizures and previous episodes of
delirium tremens.176,195,196 In a Spanish study, alcohol-withdrawal delirium was present
on admission in 43% of patients, with an additional 48%who subsequently progressed
to delirium.174 Foy and colleagues8 reported a significant proportion of patients who
developed delirium. In a review of AWS at 2 institutions, Daus and colleagues190 re-
ported 3% and 18% of subjects with delirium tremens, respectively. In the authors’
review, 18% of patients admitted to an inner-city hospital with stage 2 or higher AWS
developed delirium tremens. Accordingly, the prevalence of alcohol-withdrawal delirium
varies considerably depending on the population studied.
Identification of delirium can be challenging for the clinician, particularly in the ICU

setting. There are several delirium screening tools. The confusion assessment method
for the intensive care unit (CAM-ICU) is widely used in critical care units and relies on
scoring of at least 4 features by nurse, patient, and family: acute onset of mental status
changes, inattention, disorganized thought, and altered level of consciousness.86

Another tool is the symptom rating scale, which examines items such as temporal
onset of symptoms, perceptual disturbances, hallucinations, delusions, psychomotor
behavior, andmood lability.197 The intensive care delirium screening checklist (ICDSC)
Box 6

Diagnostic criteria for substance (alcohol) withdrawal delirium

A. Disturbance of consciousness (ie, reduced clarity of awareness of the environment) with
reduced ability to focus, sustain, or shift attention

B. A change in cognition (such as memory deficit, disorientation, language disturbance) or the
development of a perceptual disturbance that is not better accounted for by a preexisting,
established, or evolving dementia

C. The disturbance develops over a short period of time (usually hours to days) and tends to
fluctuate during the course of the day

D. There is evidence from the history, physical examination, or laboratory findings that the
symptoms in criteria A and B developed during, or shortly after, a withdrawal syndrome

Adapted from Diagnostic and statistical manual of mental disorders. 4th edition. Text revision.
Washington, DC: American Psychiatric Association; 2000. p. 146; with permission.



Carlson et al566
is a third method, which has been shown to have good agreement with the CAM-
ICU.198

Although widely used, the CAM-ICU has up to a 10% false-positive rate.199 Further-
more, alcohol-withdrawal delirium is a hyperactive form of delirium, whereas the
majority of other delirious ICU patients are likely to be older and manifest a mixed
or hypoactive subtype of delirium.199,200 The pathogenesis of delirium in the acute-
care setting is multifactorial, but the pathogenesis of alcohol-withdrawal delirium
may differ from other forms of delirium (also termed acute brain dysfunction) observed
in the ICU, with implications for management. In contrast to GABA, NMDA, and other
neurotransmitter alterations associated with alcohol-withdrawal delirium, cholinergic
deficiency has been postulated to cause ICU delirium and cognitive defects, particu-
larly in the elderly. Recently, the kynurenine-tryptophan pathway has also been impli-
cated in acute brain dysfunction in critically ill patients.201 Although benzodiazepines
are one of the major pharmacologic approaches to management of delirium tremens,
these drugs have been associated with an increased risk of delirium in ICU patients
(Table 4).199,200,202–207

Management of patients with alcohol-withdrawal delirium is challenging and
requires aggressive sedation that may lead to respiratory failure as well as other crit-
ical problems. Abraham and colleagues208 studied the cardiorespiratory patterns of
patients with severe delirium tremens and found increases in cardiac index, cardiac
work, and oxygen delivery and consumption, consistent with a hyperdynamic cardio-
respiratory status. Up to 50% of these patients develop pulmonary infections that may
lead to severe sepsis, mandating goal-directed management with fluid loading as well
as endotracheal intubation and mechanical ventilation.12,14,15,68,166 In the series by
Monte and colleagues,174 70% of patients admitted to the ICU required intubation
and mechanical ventilation, with an increase in the odds ratio for death, particularly
Table 4
ICU deliriuma versus alcohol-withdrawal delirium tremens

Feature ICU Deliriuma Delirium Tremens

Predominate subtype
of delirium

Mixed or hypoactive Hyperactive

Age Older Middle age

Sex No difference Male predominance

Associated critical illness
or respiratory failure

Usually Sometimes

Prognosis Adverse Good

Duration Variable; may progress to
dementia

Days

Morbidity/mortality Adverse association
with presence of delirium

Related to comorbid
conditions

Recurrence Not expected May have several Episodes
of AWS or delirium tremens;
? kindling

Pathogenesis Multifactorial
? Cholinergic
? Tryptophan

Multifactorial: GABA, NMDA, and
so forth

Management ? Dexmedetomidine
Avoid benzodiazepines

Multiple agents, especially
benzodiazepines

a Also termed acute brain dysfunction during critical illness.
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in the presence of pneumonia or chronic liver disease. De Wit and colleagues41 found
an increased risk of mechanical ventilation that was prolonged. One-half of ICU
patients in the authors’ series required intubation and mechanical ventilation with
pneumonia as the major comorbid ICU condition; nearly identical to the findings of
Gold and colleagues68 for delirious patients who received one sedation protocol. An
array of respiratory complications should be anticipated for patients with severe
AWS and delirium.
Duration of AWS is proportional to severity. Patients with stage 1 recover within

hours to a day or so and are usually treated as outpatients. Those with higher grades
require hospitalization and have progressively longer and more complex lengths of
stay. In the authors’ review of 192 patients admitted to a ward, 83% had stage 2
AWS and 17% had stage 3 AWS. Hospital length of stay (LOS) for ward patients
was 5.4 days whereas LOS for ICU patients was 12.5 days, of whom 57% had stage
4 AWS. Delirium usually persists for 3 to 5 days, although there are reports of patients
remaining delirious for up to 2 weeks. The longest interval of delirium the authors
observed was 11 days. Although delirium characteristically subsides within days,
some patients require several weeks to return to baseline mental status.180,182,209 A
subgroup of patients develop protracted AWS.210 Alterations of CNS dopamine
outflow have been suggested as a mechanism for protracted craving, anhedonia,
and dysphoric behavior.152,210

Sedation Pharmacology

A crucial aspect of management of AWS is the use of sedation to control agitation,
abort the progression of signs and symptoms, and manage delirium. For most of
the twentieth century chloral hydrate, paraldehyde, and various barbiturates were
used for these purposes. Soon after the availability of benzodiazepines in the early
1960s, this class of sedatives became the standard with which other drugs have
been compared. Although methodological flaws can be found in many of the trials
that have assessed efficacy, the benzodiazepines have consistently shown superi-
ority.64,65,71,150,211–216 One of the most definitive controlled trials compared chlordiaz-
epoxide with chlorpromazine, hydroxyzine, and thiamine.72 Chlordiazepoxide helped
abort the development of delirium and seizures, and was clearly the drug of choice. By
contrast, chlorpromazine was associated with the highest incidence of these compli-
cations, confirming previous adverse results with a related compound, promazine.214

Most patients have mild to moderate AWS and can be managed with no drugs or
oral medication. The “front-loading” approach uses high initial doses of medication
such as 20 mg orally of diazepam or 100 mg of chlordiazepoxide, repeated every 2
to 3 hours for the first few hours. This method decreases AWS progression and the
development of seizures.149,215,217,218 A sedation level is reached quickly, and the pro-
longed effects of agents such as diazepam sustain the effect over several hours. A
fixed-schedule treatment program has been shown to require larger total doses of
drug and a longer duration of therapy.217–220

All benzodiazepines are potentially useful in the management of AWS, but there are
significant differences in route of administration, onset of action, duration, cost, and
metabolism.219 Benzodiazepines are metabolized by the liver, but conjugation or
oxidation processes lead to important pharmacokinetic differences. Chlordiazepoxide
and diazepam undergo oxidation with an increase in half-life and the accumulation of
active metabolites. Lorazepam is metabolized by glucuronidation, with an interme-
diate half-life and formation of inactive metabolites. Diazepam is more lipophilic,
leading to early CNS distribution but also more rapid redistribution. In 3 studies that
compared chlordiazepoxide, lorazepam, and diazepam, all were shown to have
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favorable qualities, but lorazepamwas preferred because of its pharmacokinetic char-
acteristics.220–222 Chlordiazepoxide is generally administered orally, although it can be
given parenterally. Diazepam and lorazepam can also be given parenterally, and lor-
azepam can be infused intravenously. The pharmacokinetics of IV diazepam in
alcohol-withdrawal subjects appeared similar to those of normal controls, although
some subjects had increased clearance suggesting enzyme induction or extrahepatic
biotransformation, as well as alcohol or diazepam-induced tolerance.223 Accordingly,
dosing should be individualized and should use clinical end points. Another short-
acting parenteral agent that may be given by IV infusion is midazolam. Difference in
cost among these agents was an issue in the past, but current prices are similar,
and lorazepam or midazolam are frequently infused for ICU sedation.224–227 Table 5
illustrates features of benzodiazepines commonly used for AWS.
A companion technique to front loading is symptom-triggered therapy given

throughout the interval of AWS. Both methods use sequential CIWA-Ar and RASS
or other scoring techniques to titrate dosing. Favorable results include decreases in
total drug dosage and duration of AWS.115,228,229 For patients with mild to moderately
severe AWS, oral or parenteral therapy may be selected. However, for those with
severe AWS, and especially delirium, symptom-triggered dosing requires frequent,
often escalating doses of IV sedation to achieve target RASS scores. These patients
have limited abilities to cooperate for CIWA-Ar scoring and should be in a monitored
environment. Accordingly, the CIWA-Ar is not validated for ICU patients, and in this
setting the RASS or other agitation-sedation scales becomes the primary mechanism
to adjust dosage.13,230 Patients who are extremely agitated and delirious therefore
present significant challenges in reaching sedation goals. Dill231 reported IV benzodi-
azepine doses of more than 2100 mg over a 24-hour interval to control symptoms of
AWS, of whom 40% required intubation. In another study, patients defined as “resis-
tant alcohol withdrawal” received more than 200 mg of diazepam equivalent over 3
hours to achieve goals of sedation and vital signs.232 This group also experienced
a high rate of respiratory failure requiring endotracheal intubation. There are other
reports of the use of extremely high doses of benzodiazepines to achieve sedation
goals in alcohol-withdrawal delirium.233–235 Desensitization of GABA receptor sites
Table 5
Benzodiazepines used for alcohol withdrawal syndrome

Name
(Brand)

Routes of
Administration Comment Dosage Half-Life (h)

Chlordiazepoxide
(Librium)

Oral, IM, or IV Long-acting
metabolites

25–100 mg every
1–4 h

5–15

Diazepam
(Valium)

Oral, IM or IV,
or by IV infusion

Early-onset but
long-acting
metabolites
(hepatic
oxidation)

5–201 mg oral, IV,
or by slow
IV infusion

30–60

Lorazepam
(Ativan)

Oral, IM or IV, or
by IV infusion

Intermediate
half-life (hepatic
glucuronidation)

1–41 mg IM or IV,
or by IV infusion

10–20

Midazolam
(Versed)

IV or IM, or by
IV infusion

Rapid metabolism
(hepatic
hydroxylation)

1–41 mg IV or IM,
or by IV infusion

2

Abbreviations: IM, intramuscular; IV, intravenous.
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or decreasing the number of sites have been postulated as possible mechanisms for
the requirement of such huge doses in this setting.236–238

Several approaches may be selected to sedate severely agitated delirious patients,
including transition to IV infusion of sedation agents, escalating bolus doses of benzo-
diazepines or barbiturates, or use of adjunctive rescue medications given by IV infu-
sion (Box 7). Spies and colleagues22 reported that the choice of sedating agents for
IV infusion in trauma patients with AWS affected the duration of mechanical ventilation
as well as the incidence of pneumonia and respiratory failure. Selection of a benzodi-
azepine-clonidine cocktail reduced the frequency of pneumonia and shortened the
duration of mechanical ventilation. In a follow-up study, 90% of surgical ICU patients
who received continuous-infusion therapy required intubation and mechanical ventila-
tion, in comparison with 65% of those with bolus therapy.228 There was also a reduc-
tion in ICU LOS for the bolus-treated group. Gold and colleagues68 successfully used
progressively larger bolus doses of sedatives that led to a reduction in the need for
mechanical ventilation from 47% to 22% for delirious patients. However, other inves-
tigators have reported difficulties in reaching sedation goals for severely agitated
patients. In the study by Monte and colleagues,174 78% of patients were transferred
to the ICU because of uncontrollable agitation, despite a combination of fixed dosage
and symptom-adjusted therapy with a variety of agents. More than 75% required intu-
bation, and pneumonia and respiratory failure were statistically associated with a fatal
outcome. The authors found that delirious ICU patients for whom agitation was ulti-
mately controlled by IV infusion of benzodiazepines after unsuccessful bolus dosing
required significantly higher mean 24-hour benzodiazepine dosage (244 vs 101 mg/d,
P<.05). Those who reached sedation goals by bolus dosing experienced shorter ICU
andhospital LOS (ICU: 3.1 vs 7.5 days, hospital: 6.4 vs 13.8 days; bothP<.05) and lower
requirements for intubation andmechanical ventilation (13%vs 61%,P<.05). However,
it is likely that patients who responded to bolus therapy had less severe agitation.
Accordingly, for some patients conversion from bolus to IV infusion benzodiazepines
may be considered if sedation goals are not met. Patients who require large doses of
sedatives by infusion may be more severely agitated and are very likely to experience
a stormy, protracted course that includes respiratory failure.
A third option for patients who require very high doses of sedatives is to institute

rescue therapy that includes ongoing bolus or infusion medication, supplemented
with propofol or dexmedetomidine. Propofol (2,6-diisopropylphenol) is an IV hypnotic
agent formulated in a lipid emulsion and having both GABA-A activity and inhibitory
properties on NMDA receptors.239 When propofol is given by continuous infusion,
endotracheal intubation and mechanical ventilation are required. The agent may be
administered in conjunction with a benzodiazepine such as lorazepam or midazolam.
Box 7

Options to achieve sedation goals for severely agitated delirious patientsa

1. Progressively larger IV bolus doses of benzodiazepines or barbiturates

2. Titrated IV infusion of benzodiazepines

3. Addition of IV rescue therapy to #1 or #2

a. Propofol

b. Dexmedetomidine

a All methods are associated with substantial risk of respiratory failure.
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Hypotension or bradycardia may develop, and high infusion rates have been associ-
ated with the propofol infusion syndrome.240 There are several reports of the use of
propofol for refractory agitation associated with delirium tremens.241–244 Another
option is infusion of dexmedetomidine.114,244 Dexmedetomidine is an a2 agonist
that was developed as an ICU sedative. The drug has CNS and spinal activity that
is substantially more potent than that of clonidine. Infusions may be associated with
bradycardia and hypotension. Dexmedetomidine is routinely used for IV sedation of
critically ill patients, and has been associated with a lower incidence of ICU delirium
than infusion of lorazepam.205,225,245

For severely agitated patients the addition of propofol or dexmedetomidine to
benzodiazepines or barbiturates might allow achievement of sedation goals with
a benzodiazepine-sparing effect as well as facilitating sedation holidays and
ventilator-weaning efforts. However, additional studies are needed to determine the
appropriate roles of propofol and dexmedetomidine in the management of severe
agitation and AWS delirium. In the interim, the clinician must be prepared to use
progressively higher bolus doses of sedatives, or convert to IV infusion therapy that
may include rescue medications. All patients with severe agitation who receive
aggressive sedation protocols are at substantial risk of respiratory complications.
Although benzodiazepines are overwhelmingly the most frequently used class of

drugs for AWS, other agents with GABA activity also have efficacy. Phenobarbital
has been used in front loading as well as symptom-adjusted therapy with results
similar to benzodiazepines.69,246 Phenobarbital has a long half-life and a narrow ther-
apeutic window, which complicates dosage titration. In addition, respiratory depres-
sion is a potential complication. If phenobarbital is used, the patient should be
observed in a monitored environment.
A variety of other medications that have activity on the GABA system have been

evaluated. Clomethiazole is available in Europe as a sedative-hypnotic that enhances
neurotransmission at GABA-A receptors. It also inhibits the enzyme alcohol dehydro-
genase, slowing elimination of alcohol. Significant alterations in the pharmacokinetics
of this agent may occur in the presence of liver disease, resulting in oversedation. In
the study by Spies and colleagues,22 those who received chlormethiazole experi-
enced a longer duration of mechanical ventilation and a higher incidence of
pneumonia.
Baclofen is a stereoselective GABA receptor agonist that has been shown to reduce

AWS signs and symptoms including the CIWA-Ar score. Limited controlled trials have
been conducted with baclofen. Another potential problem with baclofen is that it may
lower the seizure threshold.153,247 Other medications with GABA activity include gaba-
pentin, pregabalin, GHB, tiagabine, valproic acid, and vigabatrin. GHB performed
favorably in comparison with clomethiazole for AWS in an open-label trial of ICU
patients, with decreases in CIWA-Ar scores and improvement in symptomatology.248

Gabapentin in high doses was comparable with lorazepam for treatment of outpa-
tients with CIWA-Ar scores of less than 10.249 In another recent outpatient study, pre-
gabalin was found to be safe and more effective than tiapride or lorazepam.152

Accordingly, the role of other agents that affect the GABA system is evolving.144 Val-
proate has been found to be helpful in mild to moderate AWS, appears to reduce the
risk of seizures, and is frequently used as a postdetoxification relapse-prevention
agent.145,250–252 Carbamazepine is a tricyclic anticonvulsant that has been widely
used in Europe for patients with mild to moderate AWS. The drug may help prevent
AWS-induced seizures and retard the kindling effect.2,115,250,253 Phenytoin has shown
limited effectiveness in the management of alcohol-withdrawal seizures and is not
indicated in the management of AWS.193,254,255



Alcohol Withdrawal Syndrome 571
There are numerous reports of using b-adrenergic blocking agents and a agonists in
AWS. b-Blocking agents may be helpful as adjuncts for patients with tremor, tachy-
cardia, cardiac arrhythmias, hypertension, and craving.2,75,107,256 However, b-block-
ing agents may increase the risk of delirium and are not recommended as
monotherapy. Clonidine is an a agonist that reduces severity of withdrawal symptoms
in mild to moderate AWS.257,258 This drug has been used in combination therapy with
agents such as benzodiazepines.27 Since the availability of dexmedetomidine, several
reports have supported its complementary role in treating severe AWS. Dexmedeto-
midine has been used primarily as rescue therapy for patients who have failed high-
dose benzodiazepine or other agents.114,244

Neuroleptic agents, including phenothiazines and butyrophenones such as haloper-
idol, have been used to treat delirium, although with less effectiveness than benzodi-
azepines.259 These agents prolong the QT interval and lower the seizure threshold,
and haloperidol has been shown to enhance alcohol-withdrawal seizures in animal
models.260 Nevertheless, intermittent IV doses of haloperidol may be considered in
delirious, agitated patients.60 Infusions of haloperidol and chlormethiazole in intensive
care trauma patients led to more respiratory complications.22 As noted earlier, proma-
zine and chlorpromazine performed poorly against benzodiazepines and were associ-
ated with significant complications.60,72 Accordingly, phenothiazines are not
recommended because of the risk of seizures, effects of thermoregulation, and the
potential for hemodynamic instability.169,170 Similarly, antihistamines are not indicated
because of their anticholinergic effects.
Several antiglutamatergic strategies for alcohol withdrawal have emerged over the

past few years, but they have not achieved first-line status. Nevertheless, several
potential candidates with NMDA-receptor antagonists, especially NR2B subunit-
selective agents, are under investigation for pharmacotherapy to treat alcohol with-
drawal and alcohol dependence.131 NMDA-receptor antagonist drugs may therefore
be helpful in suppressing alcohol-withdrawal symptoms.135,261 Preliminary studies
on patients with mild AWS, comparing agents with NMDA activity such as lamotrigine,
memantine, and topiramate with diazepam and placebo have supported the efficacy
of this approach.134

A recurring strategy to abort or manage AWS is the use of alcohol. Subjects who
perceive the development of withdrawal symptoms frequently resort to drinking to
prevent progression of withdrawal. The phenomenon has been observed repeatedly,
and is a component of the CAGE screening test for unhealthy alcohol use.3,262

Acutely elevating the blood alcohol level may alter GABA, NMDA, and other neuro-
transmitter alterations and blunt or reverse the progression of AWS. However,
controlled trials that compare ethanol with other drugs, such as benzodiazepines,
are lacking, and reviews of AWS management have consistently not recommended
this approach.13,20,115,118,181,184,185 Nevertheless, some practitioners prescribe
alcoholic beverages or infuse ethanol to patients for this purpose. Hansbrough
and colleagues263 reported that IV alcohol prevented withdrawal in 22 burns
patients, using infusion rates of 0.03 to 0.06 mg/kg per hour, which yielded blood
alcohol levels of 2 to 8 mg/dL. Specific criteria for identification and severity of
AWS were not given, but the investigators concluded that the infusions prevented
signs of withdrawal during and subsequent to the ethanol infusions. Predominately
in the surgical literature there have been several case reports and series attesting
to the efficacy of alcohol therapy.264–267 A retrospective review followed by
a prospective study of surgical patients who received alcohol prophylaxis demon-
strated significant variation in dosage, duration, and indications for ethanol therapy;
although the investigators reported that this approach led to a reduced rate of
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withdrawal symptoms and shorter duration of treatment, and increased the referral
of patients to substance abuse management.267 However, Weinberg and
colleagues268 compared IV ethanol with diazepam for alcohol-withdrawal prophy-
laxis in critically ill trauma patients, and found no advantage of alcohol and consider-
able variation in sedation-agitation scores for those who received alcohol. Use of
ethanol infusions is also complicated by alcohol’s inconsistent pharmacokinetic
profile as well as substantial difficulties assessing ethanol elimination rate, its narrow
therapeutic window, the high failure rate of IV ethanol prophylaxis, and the risk of
extravasation injury and organ damage.115,269–273 Accordingly, most authorities do
not recommend the use of alcohol for the prevention or treatment of AWS.
Analgesia is infrequently mentioned in the management of AWS, yet many patients

with comorbid conditions require pain management. Pain treated only with sedative
agents may lead to signs and symptoms that suggest worsening severity of AWS,
prompting higher doses of sedating agents and difficulties assessing the course of
withdrawal. The assessment of pain, particularly in the intubated, sedated ICU patient,
is imperfect. Nevertheless, if pain is believed to contribute to the patient’s clinical
status, intermittent IV bolus doses or infusions of agents such as morphine or fentanyl
should be considered on an individual basis.

SUMMARY

Fortunately, most patients experience mild signs and symptoms of AWS and have
a benign course. For those with severe withdrawal there has been a marked decrease
in mortality over the past few decades, which has been achieved by improvements in
identification and management of withdrawal as well as advances in supportive
therapy, especially intensive care. Prognosis is best if there are no other acute medical
problems. However, significant morbidity and death are risks if conditions such as
multiple trauma, severe sepsis, pneumonia, and acute respiratory failure, as well as
alcoholic liver disease, complicate management. Accordingly, severe AWS with
delirium presents challenges to the critical care practitioner. Benzodiazepines are
currently the pharmacologic agents of choice for the treatment of AWS, although
studies of newer drugs may result in advances in sedation therapy. Optimal therapy
for alcohol withdrawal requires an interdisciplinary, coordinated approach with use
of outpatient, inpatient, and rehabilitation services.
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