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Abstract Introduction: Alcohol
withdrawal is common among inten-
sive care unit (ICU) patients, but no
current practice guidelines exist. We
reviewed published manuscripts for
prevalence, risk factors, screening
tools, prophylactic and treatment
strategies, and outcomes for alcohol
withdrawal syndrome (AWS) and
delirium tremens (DT) in the criti-
cally ill. Methods: The following
databases: PubMed, MEDLINE, Em-
base, Cochrane Database of
Systematic Reviews and Central
Register of Controlled Trials, CI-
NAHL, Scopus, Web of Knowledge,
pain, anxiety and delirium (PAD)
Guidelines REFWORKS, Interna-
tional Pharmaceutical Abstracts and
references for published papers were
searched. Publications with high or
moderate Grading of Recommenda-
tions Assessment, Development and

Evaluation (GRADE) and Oxford
levels of evidence were included.
Results: Reported AWS rates range
from \1 % in ‘all ICU comers’ to
60 % in highly selected alcohol-
dependent ICU patients. Alcohol
dependence and a history of with-
drawal are significant risk factors for
AWS occurrence. No screening tools
for withdrawal have been validated in
the ICU. The benefit of alcohol
withdrawal prophylaxis is unproven,
and proposed regimens appear
equivalent. Early and aggressive
titration of medication guided by
symptoms is the only feature associ-
ated with improved treatment
outcome. Conclusions: Treatment
of AWS is associated with higher
ICU complication rates and resource
utilization. The optimal means of
identification, prevention and treat-
ment of AWS in order to establish
evidence-based guidelines remain to
be determined.
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Introduction

Half of the adult Americans aged 18 years and over are
considered to be regular drinkers [1]. Reportedly, 10 % of

North Americans are excessive alcohol consumers, while
3 % of Americans self-report experiencing alcohol with-
drawal [2]. Excess alcohol use contributes to 20 % of
admissions to the intensive care unit (ICU) [3], and
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chronic alcoholism may affect as many as 50–60 % of
trauma patients [4]. Many of these patients are at risk for
developing early alcohol withdrawal syndrome (AWS) [5],
particularly those with alcohol dependence (DSM criteria
supplement 1). Withdrawal seizures may occur 12–24 h
later, while few patients develop delirium tremens (DT),
with symptoms including agitation, hallucinations, disori-
entation, tachycardia, hypertension, fever, agitation, and
diaphoresis.

Despite the apparent high frequency among ICU
patients, no guidelines for the recognition or management
of AWS or DTs in the critically ill have been published.
Developing clear evidence-based management directives
remains challenging because of inconsistent approaches
in individual studies including types of ICU, patient
demographics, definitions of AWS risk, prophylaxis and
treatment regimens, and outcomes reported.

The objectives of this study were to systematically
review the ICU literature to identify AWS risk factors and
tools validated for AWS detection, prevention strategies,
treatment approaches, and appropriate outcomes among
critically ill patients.

Methods

Search methodology

The authors developed an initial list of key words related to
AWS in the ICU, and a professional librarian (Odette
Hinse) expanded this list, developed corresponding medical
subject heading terms, and searched relevant clinical dat-
abases (search details are in online supplement S2). Given
the continuum and overlap between AWS, DTs, and alcohol
withdrawal seizures and the limited high-quality data, all
forms of alcohol withdrawal were labeled AWS and
included in this project. The publications were reviewed
focusing on diagnostic criteria (risk factors and screening
tools), prevention and treatment protocols and outcomes.
Articles could be considered in more than one category.
Case reports and series, editorials, narrative reviews,
systematic reviews, animal or in vitro studies and letters to
the editor were all reviewed. Publications that contained
original data were retained; all other publication types were
excluded after careful content and reference review.

Quality of evidence was scored using OXFORD cri-
teria (1–5) [6] and Grading of Recommendation
Assessment, Development and Evaluation (GRADE)
system (high, moderate, or low/very low) [7, 8]. Low and
very low GRADE and four and five Oxford level studies
were excluded. At least two authors independently per-
formed the quality profile for each study, attaining perfect
(100 %) concordance between reviewers for the
OXFORD level of evidence. The GRADE criteria were
also concordant between reviewers, but not as uniform,

likely related to the paucity, inconsistency, and hetero-
geneity of data. Of 112 eligible articles, 26 were retained
for grading based on content. Reviewing the references
for all papers identified an additional eight articles. A
total of 34 articles met our final search criteria (Fig. 1).

Results

Diagnostic criteria

AWS risk factors and incidence

The identification of explicit risk factors for AWS among
ICU patients could not be completed because no study
prospectively evaluated all risk factors, and because
studies considered different ones. In addition, inclusion
criteria were different across studies. Moreover, studies
varied by type of hospital and ICU, and prospective
prevention or treatment trials did not specify the number
of overall ICU admissions to use as a denominator, again
making AWS incidence and risk stratification challenging
[4, 9–11]. The available incidence data and descriptors of
AWS are summarized in Table 1.

Some studies based AWS risk on level of alcohol
consumption alone, but with inconsistent thresholds [12–
15]. Trauma patients who present with alcohol in their
blood are often thought to be at risk for AWS, but when
studied, they are not at greater risk for withdrawal; this
feature does not correlate with chronic alcohol use [16].

Alcohol consumpion as a predictor for developing
AWS is described with varying thresholds and varying
classification schemes. A standard alcohol drink is typi-
cally defined as 12 grams of alcohol, which is equivalent
to 355 ml (12 oz) of beer, 150 ml (5 oz) of wine, or
45 ml (1.5 oz) of 80-proof liquor. Using these definitions,
the National Survey on Drug Use and Health 2010
reported that 52 % of Americans older than 12 years of
age reported being current drinkers (at least one drink in
the past 30 days), 23 % binge drank (five or more drinks
on the same occasion, on at least 1 day in the past
30 days) and 6.7 % reported heavy drinking (C5 drinks
on the same occasion on 5 or more days in the past
30 days) [17]. These data contrast with primary care and
hospitalized patients, in whom alcohol dependence has
been reported to be as high as 20–42 % [18–20]. In an
observational study in a group of alcohol-dependent
patients (determined with DSM-IV positive and median
daily alcohol consumption of[100 grams of alcohol), the
incidence of withdrawal seizures and delirium was 17 %
before prevention measures could be initiated [21].

Alcohol-dependent patients with a history of prior
alcohol withdrawal or those consuming alcohol while
being treated for an alcohol related disease constitute the
greatest risk for withdrawal symptoms [13].
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Screening tools for AWS

Several tools have been used to identify patients at risk
for AWS including the CAGE questionnaire and the Short
Michigan Alcohol Screening test (short-MAST) [22]. The
CAGE questionnaire asks patients four questions: Have
you ever felt you needed to Cut down on your drinking?
Have people Annoyed you by criticizing your drinking?
Have you ever felt Guilty about drinking? Have you ever
felt you needed a drink first thing in the morning (Eye-
opener) to steady your nerves or to get rid of a hangover?
Abuse or dependence on alcohol is suggested by C2
‘‘yes’’ answers, indicating further investigation is war-
ranted [23, 24]. ‘‘Yes’’ responses to C3 questions and a
daily consumption [60 g define alcohol-dependence or
abuse according to DSM-III or IV criteria.

Despite its simplicity, CAGE may be limited in its use
in the ICU because of its failure to predict severity of

AWS or outcome [25]. Among 652 surgical oncology
ICU patients, 24/26 (92 %) with CAGE scores C1
developed AWS; the two without AWS had CAGE scores
of 1 and 3, and drank 4–6 drinks daily. Three patients
with CAGE scores of 0 and alcohol intake of 2–8 drinks a
day developed AWS [25]. A minority of authors propose
considering patients with CAGE scores of 1 or 2 and
alcohol consumption of 25–60 g/day social drinkers,
combined with a biological marker (carbohydrate-defi-
cient transferrin or CDT) to define alcohol abuse and
justify AWS prophylaxis. Unfortunately, little data is
available at this time to support the value of biomarkers to
define AWS risk [26, 27].

The Short MAST is described in one study that eval-
uated critically ill patients with acute respiratory distress
syndrome and multiple organ dysfunction [28]. Its value
in critically ill patients, however, has not been psycho-
metrically validated.

614 articles

521 articles

112 articles 

26 articles

8 articles

Keywords online search of
PUBMED, Cochrane Central Register of 
Controlled Trials, Embase, CINAHL and 
REFWORKS

Potentially relevant articles 
reviewed by at least  2
 authors 

Review and consensus by 
2 of the authors 

Supplementary sources 
(references from other 
articles)

34 articles 

Librarian’s medical literature search

Potentially relevant articles identified

Nonduplicative set of potentially 
relevant articles

Exclusions: no primary data, no AWS 
incidence, no ICU patients

Articles with primary data; opinion 
pieces, case reports, reviews excluded

Articles included in final review

8 articles

Search terms established

Removal of duplicates 
(by hand)

34 articles 

Fig. 1 Description of search
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AWS assessment

Several withdrawal or agitation scales have been used to
objectively rate symptom severity in patients experiencing
AWS or DT. The revised Clinical Institute Withdrawal
Assessment for alcohol scale (CIWA-Ar) and the Sedation
Agitation Scale (SAS) are the most frequently described. The
CIWA-Ar scale (Table 2) was revised for use in medical
ICU patients [29] and used in five studies [4, 9, 10, 29, 30]. A
score C20 reflects full-blown AWS in most studies [4, 10,
29], while prevention studies targeted varying CIWA scores
(10 to\20) and different evaluation intervals (ranging from
every 10 min to four times daily) [4, 10, 29, 30]. No study
documented a link between frequency of assessments and
outcomes, nor addressed the challenges of assessing CIWA-
Ar in mechanically ventilated patients. Intubated patients
were often excluded [14] or not mentioned at all [4, 11, 31].
Some studies allowed patients intubated after the onset of
AWS to remain in the study during withdrawal treatment [10,
16, 32–34], and one study considered mechanical ventilation
a complication of AWS treatment [35].

The SAS was used to titrate pharmacologic therapy or as
part of an AWS prevention protocol in two publications [14,
33]. A score C5 triggered pharmacologic intervention with a
therapeutic goal score of 3–4. Titration was required at least
every hour if agitation persisted in the treatment trial [33] and
adjusted to maintain a score of 4 based on SAS measure-
ments every 4 h in the prevention study [14].

Prevention

Four single center ICU alcohol withdrawal prevention
studies were identified [9, 14, 15, 30]. Criteria for

beginning AWS prophylaxis varied from a history of
alcohol consumption to alcohol dependence, but used
different criteria. Ethanol infusions were monitored in
single arm studies [15, 30] or compared to treatment with
benzodiazepines, clonidine, or antipsychotic medications
[9, 14] applying widely varying administration protocols.
Although the rate of ethanol elimination is highly
unpredictable in alcohol-dependent patients [15], pro-
phylactic ethanol infusion appeared moderately effective
(13/32 patients developed alcohol withdrawal) [30]. An
unblinded study compared ethanol to benzodiazepines in
chronic alcoholics. The findings suggested similar effi-
cacy since no patient in either arm developed withdrawal
[14]. This may have reflected the low-risk of the selected
cohort. The effect of four different preventive regimens:
flunitrazepam–clonidine, chlomethiazole–haloperidol,
flunitrazepam–haloperidol and ethanol, was compared in
197 alcohol dependent patients, with similar rates of
withdrawal prevention and ICU length of stay [9].
Appendix 1 provides greater detail on the inclusion criteria
and results of the four prevention studies described above.

Treatment

Ten moderate to high quality treatment studies for alcohol
withdrawal in ICU patients were identified, including two
prospective, controlled, randomized and blinded studies
[4, 10], one prospective but lower quality effort [11], 3
pre-post reports [25, 31, 33], and four single-arm designs
[25, 29, 31, 36]. Treatment was primarily benzodiazepine-
based [4], [10], [25], [29], [31], [33], [36, 37], including
lorazepam [25, 31, 33], flunitrazepam [4, 10, 37],
midazolam [31], diazepam [33, 37], and chlordiazepoxide

Table 1 Described incidence of AWS across studies and populations

Data source N Alcohol abuse Alcohol
dependence

Alcohol withdrawal

USA data bank [57] 785,602 3.4 % N/A 0.5 %
Data bank review [38] High psychiatric % 11,651 12 % 6 %
Alcohol detoxification patients [58] 827 100 % N/A More if prior seizures

(59 vs. 49 %; p = 0.007) and
structural brain lesions
(21 vs. 4 %; p \ 0.001)

Oncology SICU patients with prophylaxis [30] 32 men 100 % 100 % 41 %
Trauma ? blood alcohol [59] 1,751 N/A N/A 5 and 3.9 %
Trauma [12] 431 9 % 0.5 %
Upper GI cancer SICU [9] 197 men 8 %
GI surgery/trauma [10] 300 100 % 0 35 %
Elective thoracic and vascular patients [49] 321 10 % 12.6 % CAGE C2 (1.2 % of total)

1.7 % with CAGE = 0
Inner city ICU patients [40] 742 N/A 12 % N/A
Inner city ICU [41] 200 21 % alcohol related 52 % of alcohol related

admissions (total 22)
Inner city ICU in Ireland [44] 275 12 % alcohol related 9 % of alcohol related admissions

(total 3 alcohol withdrawal seizures)

CAGE acronym of four questions used for screening of alcoholism, GI gastro-intestinal, SICU surgical intensive care unit
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[33, 37]. Drug combinations in these studies included
benzodiazepines, antipsychotics (haloperidol), chlome-
thiazole, phenobarbital, clonidine, propofol, carbamazepine,
and valproate [4, 10, 25, 33, 35].

Protocol and symptoms driven treatment

Three groups evaluated the impact of using standardized
protocols for AWS treatment [25, 31, 33]. Protocol-driven

Table 2 Revised Clinical Institute Withdrawal Assessment for Alcohol (CIWA-Ar) scale

Adapted from Sullivan et al. [60]
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management was associated with less benzodiazepine use
(p = 0.014), and lower complication rates (intubation,
excessive sedation) but similar hospital and ICU length of
stay in a study of 36 medical ICU patients [31]. Symptom-
triggered therapy for resistant alcohol withdrawal in 96 ICU
patients was associated with higher benzodiazepine doses
but a significant reduction in mechanical ventilation
(p = 0.008) [33] and transfers to the ICU for AWS-related
causes were significantly decreased in patients with head and
neck cancer treated with a protocol (p = 0.03) [25].

Several treatment studies linked specific clinical with-
drawal symptoms with triggered medication administration
[11, 25, 36]. Lansford grouped them into three distinct clusters
that prompted different drug classes to treat AWS: central
nervous system excitation (anxiety, restlessness, being both-
ered by bright lights or sounds) was treated with
benzodiazepines; adrenergic hyperactivity (nausea or vomit-
ing, tremor, sweating, hypertension, tachycardia, premature
beats) was treated with clonidine; and delirium was treated
with haloperidol [25]. A drug and symptom class-based
protocol in surgical ICU patients treated with symptom-dri-
ven boluses of clonidine, haloperidol, and flunitrazepam
suggested this protocolization decreased severity and duration
of alcohol withdrawal symptoms (p B 0.01), and led to
shorter ICU and ventilation duration (p B 0.01) [10].

A study of 159 trauma ICU patients compared the
combinations of flunitrazepam-clonidine, chlomethiazole-
haloperidol, or flunitrazepam–haloperidol [4]. The chlo-
methiazole–haloperidol group had significantly more
pneumonia (p = 0.04) and longer mechanical ventilation
duration (p = 0.03), while the flunitrazepam–clonidine
group experienced significantly more cardiac complica-
tions (p = 0.005) [4, 10].

The rapidity of withdrawal symptom manifestation and
the speed of progression to full-blown withdrawal syndrome,
if left untreated, were emphasized in several studies [31, 33,
36]. Aggressive treatment within the first 8–24 h appears
crucial to ensure rapid symptom control, with no trial
addressing optimal timing and frequency of assessments.

Appendix 2 summarizes patient characteristics and AWS
treatments considered in the treatment portion of this review.

Outcomes

Studies describing alcohol withdrawal and delirium tre-
mens necessarily include alcohol dependent patients. No
study, however, compared alcohol consumers to alcohol
dependent patients, or contrasted these two groups with
occasional drinkers or abstainers, in order to stratify
complication risk categories. Alcohol dependent patients
are reported to have higher infection, sepsis and septic
shock rates [38], are more likely to get admitted to the
ICU and die in the hospital [39], and cost more in hospital
resource dollars than patients not admitted to ICU for
alcohol-related problems [32]. The few studies that

addressed co-variates emphasized a high rate of ICU
admission attributable to alcohol-related diagnoses, but once
admitted, their length of stay and costs were no different
from non-alcoholic medical [3] or trauma [40] patients.

Financial estimates varied greatly in methods, but an
episode of alcohol withdrawal cost $7,462 per patient for
benzodiazepines and ICU monitoring in one study [36],
while among patients admitted for alcohol-related prob-
lems, the cost of an ICU stay was significantly higher in
the alcoholic group ($52,527) compared to non-alcoholics
($43,136) [41]. Implementing AWS management guide-
lines is associated with a reduction in benzodiazepine
acquisition costs and ICU length of stay [37].

Discrepancies in reported outcomes for various drinking
intensity categories may relate to different definitions of risk,
with some studies finding no differences between at risk and
non-at-risk drinkers in ICU morbidity or mortality [39, 42],
while patients with acute respiratory distress syndrome had
worse outcomes if they regularly consumed alcohol [28].
Patients admitted to ICU with alcohol related complications
(cirrhosis, GI bleed, intoxication, withdrawal) had a longer
length of stay and higher mortality if more than one alcohol-
related clinical feature contributed to their ICU admission
[43, 44] or if chronic illness or delirium were present or
mechanical ventilation required [43, 45].

Not surprisingly, critically ill trauma patients devel-
oping AWS have a longer duration of mechanical
ventilation and ICU stay, more frequent pneumonia, uri-
nary tract infections, sepsis, and septic shock, and higher
mortality [46]. These adverse events may be associated
with alcohol use, but immune down-regulation has also
been associated with the pharmacological effects of
morphine, propofol and benzodiazepines [47]. Patients
experiencing AWS require more frequent tracheostomy
and PEG feeding tubes, and require higher doses of
sedation [48, 49], which has been associated with pro-
longed mechanical ventilation and length of stay [50–52].

Long term outcome data are sparse, but patients
admitted to the ICU for DT are often seen again in the
emergency room within two years related to AWS or
alcohol related complications [53]. Appendix 3 presents
the outcomes extracted from included studies.

Discussion

Despite an estimated prevalence of chronic alcoholism
affecting up to 20–40 % of hospitalized patients and 50–60 %
of trauma patients, little high-quality data for how best to
prevent, diagnose, and treat AWS in the ICU is available and
ICU-specific guidelines have not been published.

Methods to identify ICU patients at risk for AWS include
alcohol related questionnaires (CAGE), alcohol consumption
documentation, the Short MAST, and a history of prior AWS
or seizures, while the reliability of biochemical markers such
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as CDT has yet to be determined. The relative validity of these
variables has not been compared. A prior history of alcohol
withdrawal and seizures should be considered a significant
risk for AWS, though this information may not be obtainable
in all patients. Asking patients or next of kin about alcohol
consumption and withdrawal may stratify patients at risk for
AWS or DT, and facilitate recognition of the need for prompt
titrated pharmacological management.

Risk thresholds in prevention studies vary widely, and
best prevention pharmacotherapy has not been defined.
The threshold between prevention studies for patients at
risk or with minor symptoms and treatment studies with
more significant AWS components is often been blurred,
and clearer definitions are needed.

Once withdrawal occurs, early and frequent assessment
of withdrawal symptoms is essential, particularly in the first
24–48 h. The CIWA-Ar relies on patient communication for
information regarding nausea/vomiting, anxiety, tactile and
auditory disturbances, and headache. This tool may not be
applicable or reliable in critically ill patients, particularly in
mechanically ventilated patients. Titrating treatment or
prophylaxis to agitation symptoms such identified with the
SAS in general ICU patients, and with CIWA-Ar whenever
feasible, appears the best approach to match drug dosing and
symptom severity and improve outcomes.

Benzodiazepines are a mainstay of AWS treatment,
despite uncertainty about their effectiveness and safety. Bar-
biturates and propofol appear safe and effective GABA
alternatives for AWS. Clonidine as a combination regimen is
efficacious in reducing the adrenergic symptoms of AWS, and
combination therapy with benzodiazepines, alpha-2 agonists
and antipsychotics was associated with good outcomes in
multiple studies [10, 25]. Dexmedetomidine is structurally
similar to clonidine; however, AWS management with this
drug is limited to case reports [54]. Its usefulness as adjunctive
therapy to benzodiazepines has been reported [55]. Although
best practices in prevention and treatment strategy cannot be
established given the limited evidence and inconsistent
designs, combination pharmacotherapy, titrated to symptom
severity and linked to symptom clusters appears promising.

Published ICU studies of patients with AWS have repor-
ted inconsistent outcomes since they have applied highly
variable definitions. The standardization of definitions for
AWS will facilitate future comparisons and systematic
reviews. In addition to standard patient demographics and
history of alcohol ingestion, additional beneficial data should
include whether an ICU admission was for AWS or other
critical illness, whether the study was intended for prevention
or treatment, what monitoring tools were applied, and what
the thresholds were for each pharmacologic intervention and
what triggered their administration. The ICU-related com-
plications such as sepsis, pneumonia, mechanical ventilation,
ARDS, duration of ICU and ventilator therapy, and discharge
location should also be sought.

Several limitations of our manuscript deserve comment.
Because of limited high quality data, we combined research

addressing various forms of AWS from different types of
ICUs using different study populations, designs, thresholds
for treatment, AWS prevention or treatment protocols, and
patient outcomes. This variability highlights the need for
more uniform research approaches to this complex area
before treatment guidelines based on evidence can be pro-
posed. Delirium, a common and morbid complication of
critical care admission, is both a risk factor and a potential
confounder for alcohol withdrawal symptoms which we
were not able to address [45]. In addition, our filtering pro-
cess was qualitative by necessity, but our consensus between
authors is likely to have reduced potential bias.

Significant gaps remain in the current literature, and these
should stimulate future studies. The detection of withdrawal or
risk for AWS in mechanically ventilated patients, particularly
when no history is available from the patient, has not been
studied. Patients presenting with psychomotor slowing rather
than agitation have largely been ignored in the critical care
setting [56]. Additional gaps in knowledge that require study
include identification of the optimal methods to stratify risk for
alcohol withdrawal and delirium tremens in various popula-
tions, establishing whether prophylaxis in high-risk patients is
beneficial and safe, determining whether prophylactic ethanol
administration best serves this purpose, comparative trials of
alcohol withdrawal treatment, and outcome studies that con-
sider the many confounders (alcohol consumption among
them) likely to blur the link between alcohol withdrawal and
outcomes. Finally, whether adverse events are related to
alcohol consumption, dependence, withdrawal, patient co-
morbidities, or the treatment for AWS remains unclear.

Conclusion

Early detection of alcoholic patients at risk for AWS should be
routine for ICU patients, and is likely best performed based on
identifying a history of heavy alcohol consumption and prior
withdrawal events. Early and aggressive treatment with com-
bination therapy regardless of pharmacologic agents such as
benzodiazepines, alpha-2 agonists, and anti-psychotics should
be titrated to specific withdrawal symptoms. Outcomes should
be stratified by alcohol use, alcohol withdrawal, and concom-
itant co-morbidities, and should provide extended follow-up
and ongoing efforts towards alcohol detoxification and absti-
nence. Large prospective trials in critically ill patients,
particularly those who are intubated and mechanically venti-
lated, are needed toevaluate the best tools to assess the presence
and the severity of acute withdrawal syndrome and the optimal
pharmacologic approaches for prevention and treatment.
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C
M

Z
/

H
A

L
o

r
F

Z
P

/H
A

L
o

r

IV
et

h
an

o
l

IC
U

L
O

S
,

A
W

S

p
re

v
en

ti
o

n
an

d

co
m

p
li

ca
ti

o
n

s
=

sa
m

e

ex
ce

p
t

m
o

re
tr

ac
h

eo
-

b
ro

n
ch

it
is

in
C

M
Z

/

H
A

L
g

ro
u

p

(p
=

0
.0

0
2

3
)

W
ei

n
b

er
g

et
al

.
[1

4
]

P
ro

sp
ec

ti
v

e

ra
n

d
o

m
iz

ed

5
0

T
IC

U
H

is
to

ry
o

f
ch

ro
n

ic
d

ai
ly

al
co

h
o

l
co

n
su

m
p

ti
o
n

C
5

b
ev

er
ag

e/
d
ay

fo
r

at
le

as
t

6
m

o
n

th
s

u
p

to
th

e
d

ay
o

f

ad
m

is
si

o
n

IV
et

h
an

o
l

v
s.

B
Z

D

p
re

v
en

ti
o

n
ef

fi
ca

cy

IV
et

h
an

o
l

v
s.

D
Z

P
to

S
A

S
;

F
ai

lu
re

?
D

Z
P

(i
f

et
h

an
o

l
g

ro
u

p
)

an
d

n
eu

-r
o

le
p

ti
cs

(i
f

D
Z

P
/

et
h

an
o

l)

E
th

an
o

l
=

m
o
re

ag
it

at
io

n

(8
7

.9
%

d
ev

ia
ti

o
n

fr
o

m

ca
lm

an
d

co
o

p
er

at
iv

e;

8
1
.4

%
in

B
Z

D
).

1

fa
il

u
re

in
et

h
an

o
l

g
ro

u
p

W
il

k
en

s
et

al
.

[1
5
]

R
et

ro
sp

ec
ti

v
e

1
1

S
IC

U
A

lc
o
h
o
li

c
p
t

w
h

o
h

ad

ad
m

it
te

d
al

co
h

o
l

d
ep

en
d
en

ce

A
re

fo
re

n
si

c
d

at
a

et
h

an
o

l

p
h

ar
m

ac
o

d
y

n
am

ic
s

tr
an

sf
er

ra
b

le
to

th
er

ap
eu

ti
c

et
h

an
o

l

su
b

st
it

u
ti

o
n

IV
et

h
an

o
l;

B
o
lu

s
b

as
ed

o
n

w
ei

g
h
t

?
es

ti
m

at
ed

V
d

.
T

ar
g

et
B

E
C

:
0

.6
g

/

L
;

in
fu

si
o
n

ti
tr

at
ed

to

B
E

C
o

f
0

.5
–
0

.7
g

/L

N
o

A
W

S
in

1
0

/1
1

p
t;

9
5

%
C

I
fo

r
E

E
R

:

2
0

.6
–

3
4

,4
m

g
/d

l
p

er
h

;

d
if

fe
re

n
t

fr
o
m

fo
re

n
si

c

E
E

R
o

f
1

5
m

g
/d

l
p

er
h

(p
=

0
.0

0
1

4
)

A
L

A
T

al
an

in
e

am
in

o
tr

an
sf

er
as

e
T

es
t,

A
S

A
T

as
p

ar
ta

te
am

in
o

tr
an

sf
er

as
e

T
es

t,
A

W
S

al
co

h
o

l
w

it
h

d
ra

w
al

sy
n

d
ro

m
e,

B
E

C
b

lo
o

d
et

h
an

o
l

co
n

ce
n

tr
at

io
n

,
B

Z
D

b
en

zo
d

ia
ze

p
in

e,
C

A
G

E
ac

ro
n

y
m

o
f

fo
u

r

q
u

es
ti

o
n

s
u

se
d

fo
r

sc
re

en
in

g
o

f
al

co
h
o

li
sm

,
C

D
T

ca
rb

o
h
y
d
ra

te
-D

efi
ci

en
t

T
ra

n
sf

er
ri

n
,

C
L

O
cl

o
n
id

in
e,

C
M

Z
cl

o
m

et
h

ia
zo

le
,

D
S

M
d

ia
g
n

o
st

ic
an

d
st

at
is

ti
ca

l
m

an
u

al
o

f
m

en
ta

l
d

is
o

rd
er

s,
D

Z
P

d
ia

ze
p
am

,

E
E

R
et

h
an

o
l

el
im

in
at

io
n

ra
te

,
F

Z
P

fl
u
n
it

ra
ze

p
am

,
G

G
T

g
am

m
a-

g
lu

ta
m

y
l

tr
an

sp
ep

ti
d

as
e,

G
I

g
as

tr
o
-i

n
te

st
in

al
,

H
A

L
h

al
o
p

er
id

o
l,

H
N

T
h

ea
d

an
d

n
ec

k
tu

m
o

r,
IC

U
in

te
n

si
v

e
ca

re
u

n
it

,
L

O
S

le
n

g
th

o
f

st
ay

,
M

C
V

m
ea

n
co

rp
u

sc
u

la
r

v
o

lu
m

e,
p

t
p

at
ie

n
ts

,
S

A
S

ri
k

er
sc

al
e,

S
IC

U
su

rg
ic

al
in

te
n

si
v

e
ca

re
u

n
it

,
T

tr
au

m
a,

V
d

v
o

lu
m

e
o

f
d

is
tr

ib
u

ti
o

n

A
pp

en
di

x
1

S
ee

T
ab

le
3
.
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A
pp

en
di

x
2

S
ee

T
ab

le
4
.

T
a
b

le
4

D
es

cr
ip

ti
o
n

o
f

tr
ea

tm
en

t
st

u
d
ie

s

R
ef

er
en

ce
S

tu
d
y

d
es

ig
n

P
o
p
u
la

ti
o
n
,

N
In

cl
u
si

o
n

cr
it

er
ia

A
im

o
f

st
u
d
y

M
ed

ic
at

io
n

O
u
tc

o
m

es

D
eC

ar
o
li

s
et

al
.

[3
1

]
R

et
ro

sp
ec

ti
v
e

o
b
se

rv
at

io
n
al

3
6

M
IC

U
v
et

er
an

s
D

ia
g
n
o
si

s
o
f

A
W

S
A

W
S

o
u
tc

o
m

es
w

it
h

sx
d
ri

v
en

B
Z

D
p
ro

to
co

l
v
s.

st
an

d
ar

d
B

Z
D

in
fu

si
o
n

P
re

:
h
is

to
ri

ca
l

co
n
tr

o
l;

p
o
st

L
Z

P
IV

ac
co

rd
in

g
to

p
t

re
sp

o
n
se

M
IN

D
S

B
2
0

(p
re

v
s.

p
o
st

):
1
9
.4

v
s.

7
.7

h
(p

=
0
.0

0
2
);

m
ea

n
d
o
se

:
1
,6

7
7

v
s.

1
,0

4
4

m
g

(p
=

0
.0

1
4
);

in
fu

si
o
n

ti
m

e:
1
2
2

v
s.

5
2

h
(p

=
0
.0

0
1
);

co
m

p
li

ca
ti

o
n
s:

4
4

v
s.

2
5

%
E

ls
in

g
et

al
.

[1
1

]
P

ro
sp

ec
ti

v
e

ra
n
d
o
m

iz
ed

co
n
tr

o
ll

ed

2
6

M
IC

U
A

lc
o
h
o
li

c
p
t

w
it

h
cl

in
ic

al
A

W
S

.
N

o
in

cl
u
si

o
n
/

ex
cl

u
si

o
n

cr
it

er
ia

sp
ec

ifi
ed

C
M

Z
v
s.

G
H

B
fo

r
A

W
S

C
M

Z
v
s.

G
H

B
IV

O
n
ly

C
L

O
p
er

m
it

te
d

in
th

e
fi

rs
t

7
h
.;

th
en

o
th

er
s

p
rn

(C
M

Z
,

B
D

Z
,

H
A

L
)

A
W

S
sc

o
re

m
o
d
ifi

ed
at

3
h

G
H

B
v
s.

C
M

Z
(p

=
0
.0

2
1
);

IC
U

L
O

S
si

m
il

ar
(4

.1
v
s.

5
d
ay

s)
N

o
se

ri
o
u
s

si
d
e

ef
fe

ct
s

E
y
er

et
al

.
[3

5
]

R
et

ro
sp

ec
ti

v
e

co
h
o
rt

st
u
d
y

8
4
7

p
t

fo
r

al
co

h
o
l

d
et

o
x
ifi

ca
ti

o
n

P
t

ad
m

it
te

d
fo

r
al

co
h
o
l

d
et

o
x
ifi

ca
ti

o
n

w
it

h
a

d
is

ch
ar

g
e

d
ia

g
n
o
si

s
co

d
e

fo
r

al
co

h
o
l

in
to

x
ic

at
io

n
,

w
it

h
d
ra

w
al

sy
n
d
ro

m
e

o
r

al
co

h
o
l

d
el

ir
iu

m
tr

em
en

s
an

d
m

o
d
er

at
e

to
se

v
er

e
A

W
S

.
A

ll
p
t

in
cl

u
d
ed

fu
lfi

ll
ed

th
e

IC
D

-1
0

cr
it

er
ia

o
f

al
co

h
o
l

d
ep

en
d
en

ce

C
B

Z
o
r

V
P

A
in

ad
d
it

io
n

to
st

an
d
ar

d
iz

ed
sy

m
p
to

m
-

tr
ig

g
er

ed
th

er
ap

y

C
B

Z
O

R
V

P
A

w
it

h
C

M
Z

fo
r

al
l.

C
L

O
an

d
H

A
L

p
rn

p
lu

s
th

ia
m

in
e

S
ev

er
it

y
o
f

A
W

S
n
o
t

d
if

fe
re

n
t

C
B

Z
:

lo
n
g
er

L
O

T
an

d
L

O
S

,
h
ig

h
er

si
n
g
le

an
d

cu
m

u
la

ti
v
e

d
o
se

s
o
f

C
M

Z
,

h
ig

h
er

n
ee

d
s

fo
r

C
L

O
,

re
q
u
ir

ed
IC

U
m

o
re

o
ft

en
,

m
o
re

w
it

h
d
ra

w
al

se
iz

u
re

an
d

ad
v
er

se
re

ac
ti

o
n
s.

W
it

h
d
ra

w
al

se
iz

u
re

as
th

e
ca

u
se

o
f

ad
m

is
si

o
n

p
re

d
ic

to
r

o
f

w
it

h
d
ra

w
al

se
iz

u
re

(O
R

2
.6

1
;

9
5

%
C

I
1
.4

3
–
4
.7

8
;

p
=

0
.0

0
2
)

G
o
ld

et
al

.
[3

3
]

R
et

ro
sp

ec
ti

v
e

co
h
o
rt

st
u
d
y

9
6

M
IC

U
P

t
ad

m
it

te
d

to
th

e
IC

U
so

le
ly

fo
r

th
e

tr
ea

tm
en

t
o
f

se
v
er

e
A

W
S

(D
S

M
cr

it
er

ia
)

S
ta

n
d
ar

d
v
s.

sy
m

p
to

m
-

tr
ig

g
er

ed
A

W
S

P
re

:
S

x
-t

ri
g
g
er

ed
p
er

d
o
ct

o
r

P
o
st

:
p
ro

to
co

l;
D

Z
P

th
en

p
h
en

o
b
ar

b
it

al
th

en
p
ro

p
o
fo

l
p
rn

R
ed

u
ce

d
M

V
(p

=
0
.0

0
8
);

2
fo

ld
in

cr
ea

se
in

D
Z

P
d
o
se

in
th

e
fi

rs
t

2
4

h
;

th
re

e
fo

ld
in

cr
ea

se
in

D
Z

P
m

ax
.

d
o
se

s;
m

o
re

p
h
en

o
b
ar

b
it

al
(5

8
v
s.

1
7

%
;

p
\

0
.0

0
1
)

H
o
ey

et
al

.
[3

6
]

R
et

ro
sp

ec
ti

v
e

o
b
se

rv
at

io
n
al

st
u
d
y

5
7

M
IC

U
H

o
sp

it
al

ad
m

is
si

o
n

fo
r

A
W

S
,

d
o
cu

m
en

ta
ti

o
n

o
f

o
n
e

o
r

m
o
re

si
g
n
s

o
f

th
e

d
is

o
rd

er
,

an
d

tr
ea

tm
en

t
w

it
h

B
Z

D

B
Z

D
p
at

te
rn

s
fo

r
A

W
S

;
d
ru

g
se

le
ct

io
n

an
d

co
st

s
b
as

ed
o
n

d
ru

g
ac

q
u
is

it
io

n
an

d
L

O
S

in
IC

U

-
9
0

%
in

IC
U

w
it

h
in

2
4

h
;

B
Z

D
L

O
T

:
6
.2

±
5
.5

d
ay

s;
IC

U
L

O
S

:
3
.9

±
2
.7

d
ay

s;
L

Z
P

(8
0

%
in

ap
p
ro

p
ri

at
el

y
tr

ea
te

d
w

it
h

L
Z

D
co

u
ld

h
av

e
b
ee

n
tr

ea
te

d
w

it
h

an
o
th

er
B

Z
D

);
m

ax
im

u
m

L
Z

P
o
n

d
ay

3
,

at
8
1
.9

±
1
0
7
.7

m
g
/p

t;
B

Z
D

$
1
0
0
8
.7

2
±

$
5
4
.4

5
/p

t.
IC

U
$
6
4
5
3
.4

0
±

2
5
8
6
.3

8
/p

t
H

o
ey

et
al

.
[3

7
]

P
ro

sp
ec

ti
v
e

o
b
se

rv
at

io
n

st
u
d
y

w
it

h
p
re

-
p
o
st

d
at

a

5
0

M
IC

U
H

o
sp

it
al

ad
m

is
si

o
n

fo
r

A
W

S
,

d
o
cu

m
en

ta
ti

o
n

o
f

o
n
e

o
r

m
o
re

si
g
n
s

o
f

th
e

d
is

o
rd

er
,

an
d

tr
ea

tm
en

t
w

it
h

B
Z

D

B
Z

D
p
re

sc
ri

b
in

g
h
ab

it
s,

B
Z

D
d
o
sa

g
e

an
d

co
st

s,
co

st
o
f

IC
U

L
O

S
an

d
as

se
ss

co
m

p
li

an
ce

to
g
u
id

el
in

es

C
D

P
,

D
Z

P
o
r

L
Z

P
o
r

co
m

b
in

at
io

n
o
f

C
D

P
,

M
D

Z
an

d
/o

r
L

Z
P

7
6

%
(3

8
)

ap
p
ro

p
ri

at
e

u
se

o
f

C
D

P
.

U
se

o
f

C
D

P
in

cr
ea

se
d

af
te

r
g
u
id

el
in

e
(p

\
0
.0

0
0
2
).

C
D

P
$

p
er

p
t:

$
6
1
.7

4
($

0
.0

3
–
5
8
5
.9

8
).

F
o
r

p
t

o
n

C
D

P
,

IC
U

an
d

h
o
sp

it
al

L
O

S
:

1
.1

d
ay

(0
–
9

d
ay

s)
an

d
5
.6

d
ay

s
(1

–
1
7

d
ay

s)
.

P
re

-p
o
st

d
at

a:
B

Z
D

d
o
sa

g
es

si
m

il
ar

.
B

Z
D

$
p
er

p
t
&

2
0

fo
ld

($
1
0
0
8
.7

2
v
s.

$
5
9
.7

9
).

H
o
sp

it
al

L
O

S
si

m
il

ar
,

IC
U

L
O

S
re

d
u
ce

d
(4

.1
v
s.

1
.1

d
ay

s;
p

\
0
.0

0
0
1
)
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T
a

b
le

4
co

n
ti

n
u

ed

R
ef

er
en

ce
S

tu
d
y

d
es

ig
n

P
o
p
u
la

ti
o
n
,

N
In

cl
u
si

o
n

cr
it

er
ia

A
im

o
f

st
u
d
y

M
ed

ic
at

io
n

O
u
tc

o
m

es

L
an

sf
o
rd

et
al

.
[2

5
]

P
ro

sp
ec

ti
v
e

co
h
o
rt

st
u
d
y

re
tr

o
sp

ec
ti

v
e

co
h
o
rt

co
n
tr

o
l

2
6

H
N

T
S

IC
U

H
N

T
p
t

w
it

h
A

W
S

(A
W

S
T

y
p
e

In
d
ic

at
o
r)

,
an

d
re

p
o
rt

ed
al

co
h
o
l

in
ta

k
e

o
f

at
le

as
t

1
to

2
d
ri

n
k
s

d
ai

ly
o
r

C
A

G
E

q
u
es

ti
o
n
n
ai

re
sc

o
re

[
0

B
en

efi
t

o
f

st
an

d
ar

d
iz

ed
p
ro

to
co

l
fo

r
id

en
ti

fi
ca

ti
o
n
,

ch
ar

ac
te

ri
za

ti
o
n

an
d

tr
ea

tm
en

t
o
f

A
W

S

P
re

-p
ro

to
co

l:
n
/a

P
o
st

:
T

y
p
e

A
sx

(s
co

re
C
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