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Purpose: To perform a systematic review of the clinical trials concerning the use of barbiturates for the treatment
of acute alcohol withdrawal syndrome (AWS).
Materials and Methods: A literature search of MEDLINE, EMBASE, and the Cochrane Library, together with a man-
ual citation review was conducted. We selected English-language clinical trials (controlled and observational
studies) evaluating the efficacy and safety of barbiturates compared with benzodiazepine (BZD) therapy for
the treatment of AWS in the acute care setting. Data extracted from the included trials were duration of delirium,

number of seizures, length of intensive care unit and hospital stay, cumulateddoses of barbiturates and BZDs, and
respiratory or cardiac complications.
Results: Seven studies consisting of 4 prospective controlled and 3 retrospective trials were identified. Results
from all the included studies suggest that barbiturates alone or in combination with BZDs are at least as effective
as BZDs in the treatment of AWS. Furthermore, barbiturates appear to have acceptable tolerability and safety pro-
files, which were similar to those of BZDs in patients with AWS.
Conclusions: Although the evidence is limited, based on our findings, adding phenobarbital to a BZD-based regi-
men is a reasonable option, particularly in patients with BZD-refractory AWS.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Approximately 15% to 20% of hospitalized patients and 50% of trau-
ma patients suffer from alcohol use disorders [1,2]. Many of these pa-
tients manifest signs and symptoms of alcohol withdrawal syndrome
(AWS) when their alcohol consumption is abruptly stopped or signifi-
cantly reduced [3,4]. Patients with AWS exhibit a wide array of symp-
toms including tremor, tachycardia, nausea, insomnia, agitation,
hallucination, diaphoresis, or tonic-clonic seizures [2,4]. Alcohol with-
drawal delirium, also known as delirium tremens (DTs), is the most se-
vere manifestation of AWS. It is characterized by a fluctuating mental
state marked by disturbances of attention and awareness, disorienta-
tion, diminished responsiveness, hallucinations, or delusions combined
with alcohol withdrawal symptoms [3,5]. About 5% of hospitalized pa-
tients with AWSwill progress to DTs typically 48 to 72 hours after alco-
hol cessation [4,6]. The serious complications of AWS such as alcohol
withdrawal delirium and seizures often lead to intensive care unit
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(ICU) admission, prolonged hospital and ICU stay and increasedmortal-
ity ranging from 5 to 15% [4–7].

Benzodiazepines (BZDs) have been a mainstay of therapy for preven-
tion and treatment of AWS [2,4,6,7]. However, there are limited data
available on whether BZDs have definite superiority in managing AWS
and its complications when compared with other agents [3]. In addition,
some patients with severe AWS may not respond to high doses of BZDs,
as they develop tolerance over time due to the γ-aminobutyric acid
(GABA) receptor desensitization [4,6,8]. Benzodiazepine-refractory (or
resistant) withdrawal symptoms may be described as uncontrolled agi-
tated states despite of the need for N40 mg of lorazepam (LZP) in the
first 3 to 4 hours, but it has not beenwell defined in the current literature
[4,9]. Patients with BZD-refractory withdrawal symptoms aremore likely
to require continuous BZD infusion, which may result in a higher rate of
mechanical ventilation and longer ICU and hospital stays [4,6].

Recently, there has been growing interest in the use of
dexmedetomidine as adjunctive therapy to BZDs for the treatment of
AWS. Dexmedetomidine, a presynaptic α2-receptor agonist, could be
an attractive option particularly in severe AWS patients experiencing
respiratory depression fromBZD therapy since it dose not cause respira-
tory depression [10]. Studies have suggested that dexmedetomidine as
an adjunct in AWS may decrease alcohol withdrawal symptoms and
benzodiazepine use, thereby potentially preventingmechanical ventila-
tion [11,12]. However, it should be noted that clinical outcome data of
nter - JCon from ClinicalKey.com by Elsevier on April 01, 2019.
. Copyright ©2019. Elsevier Inc. All rights reserved.
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dexmedetomidine in AWS were very limited to a handful of case re-
ports/series and observational studies and one small prospective con-
trolled trial [10–14]. Additionally, dexmedetomidine therapy is more
costly and resource-intensive than other alternatives. As a result, the
clinical impact of dexmedetomidine in AWS still remains unclear.

Previous studies have demonstrated the use of barbiturates, GABA
receptor agonists similar to BZDs, as an adjunctive to BZD therapy
may be effective and safe in severe AWS refractory to BZD [15,16]. Of in-
terest, in such patients, phenobarbital (PB) may play a role in reducing
the need for ICU admission as well as mechanical ventilation [15–17].
Intravenous (IV) PB in particular has great potential in the treatment
of severe AWS for the following reasons: (1) An IV formulation of PB
can be especially useful when treating patients with acute AWS or DT
compared to oral drugs, (2) IV PB can suppress acute withdrawal symp-
toms quickly due to its rapid onset of action (approximately 5 minutes)
(3) Patients are less likely to require subsequent oral PB for AWS be-
cause PB concentrations gradually decline following iv injections due
to its long duration of action (a half-life of 53-140 hours), and
(4) From a safety standpoint, PB doses used for the treatment of
hypnosedative withdrawal do not produce prominent central nervous
system (CNS) depression [18–20]. Therefore, we conducted a systemat-
ic reviewof the current literature to assess the efficacy and safety of bar-
biturates with or without BZDs versus BZDs for the treatment of AWS in
the acute setting. Additionally, the secondary objective was to evaluate
the clinical utility and potential of PB in terms of preventing or reducing
ICU admission as well as mechanical ventilation in patients developing
acute AWS.

2. Materials and methods

2.1. Data sources

We developed a comprehensive list of keywords to identify all
relevant studies for inclusion, which included alcohol withdrawal syn-
drome, alcoholism, alcohol dependence, delirium tremens, barbiturates,
and benzodiazepine. A literature search was performed using MEDLINE
(1946-July 2015), EMBASE (1947-July 2015), and the Cochrane Library
(1992-July 2015). Additionally, a manual review of citations from re-
trieved articles was performed to capture relevant studies that are not
indexed in the electronic bibliographic databases.

2.2. Study selection

Trials were included if they contained all of the following PICOTS
(population, intervention, comparison, outcome, timing, and setting
and study design) criteria: (1) Studies included inpatients with AWS;
(2) Any barbiturates given as a single agent or with other agents were
compared to BZDs alone or BZDs in combination with other agents;
and (3) Randomized controlled trials, non-randomized controlled trials,
and observational studieswith comparison groupswere included in the
final analysis. All other types of clinical trials including case reports and
series were excluded. Primary outcomes were total cumulative doses of
barbiturates and BZD, duration of delirium, number of seizure episodes,
or respiratory and cardiovascular complications. Secondary outcomes
included length of ICU and hospital stay.

2.3. Data extraction and synthesis

Two authors (YM, MT) and one professional librarian (EL) indepen-
dently screened and selected studies for inclusion. Discrepancies were
resolved through discussions and consensus. We chose the Mixed
Methods Appraisal Tool (MMAT) to evaluate themethodological quality
of each study due to the nature of studies included in this review,mixed
methods studies [21]. Two independent reviewers (YM, MT) assessed
the quality of evidence using the MMAT scoring metrics. An overall
quality score for each study was assigned based on the number of
Downloaded for Anonymous User (n/a) at Anne Arundel Medical C
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criteriamet, ranging from25% (*) to 100% (****). In case of disagreement
between the two reviewers, we sought a second opinion from an exter-
nal person with expertise in drug information/informatics before mak-
ing the final assessment decision.

3. Results

Our initial screen of titles and abstracts resulted in a total of 98 stud-
ies, out of which 29 citations possibly eligible by inspection of abstracts
were retrieved for full-text review (Figure). Ultimately, eight articles
were retained for final inclusion; however, following the quality ap-
praisal process, one study was excluded from our systematic review
due to its small and unbalanced sample size between groups (pre-
guideline group, n=30 vs post-guideline group, n=3) [22]. A summa-
ry of included clinical trials is depicted in Table.

3.1. Randomized controlled trials (RCTs)

In our analysis, we identified three RCTs, including two double-blind
trials and one partially double-blind study [16,23,24]. Rosenson and col-
leagues published a double-blind, randomized, placebo-controlled trial
of PB for the treatment of acute alcohol withdrawal in the emergency
department (ED) [16]. A total of 102 patients with a primary admission
diagnosis of acute AWSwere randomly assigned to receive either a sin-
gle dose of intravenous (IV) PB (10mg/kg, n=51) or placebo (n= 51).
In addition to study drugs, all patients were placed on a symptom-
triggered LZP protocol for AWS. Baseline characteristics including initial
median alcohol withdrawal clinical assessment (AWCA) scores (6 PB vs
7 placebo [mild-moderate withdrawal if AWCA score were between 3
and 10]) were similar in both groups. The authors observed significant
decreases in ICU admission rate (8% vs 25%, difference 17% [95% confi-
dence interval (CI) 4-32%]) and use of continuous LZP infusion (4% vs
31%, difference 27% [95% CI 14%-41%]) in PB group as compared with
placebo group. Furthermore, therewere no significant differences in ad-
verse effects including the requirement for intubation or restraints and
seizure between the two groups. However, it needs to be acknowledged
that decisions on ICU admission and initiation of continuous LZP drip
were made solely at the discretion of ED providers.

Results from two other studies demonstrated favorable outcomes of
barbiturates in the treatment of AWS, but failed to show superiority of
barbiturates over BZDs, especially in regards to controlling alcoholwith-
drawal (AW) symptoms [23,24]. Of note, these studies compared barbi-
turates alone with other agents. Kaim and colleagues conducted a
randomized, partially double-blind trial to evaluate the effectiveness
of sodiumpentobarbital, chlordiazepoxide, paraldehyde, and perphena-
zine for the treatment of uncomplicated DTs [23]. Patients in the three
groups (pentobarbital, n = 46; chlordiazepoxide, n = 46; perphena-
zine, n = 46) initially received intramuscular (IM) injections in a
double-blind fashion followed by oral capsules identical in appearance,
whereas those in the paraldehyde group (n = 55) were treated with a
liquid oral formulation. The authors did not find any significant differ-
ences in the duration (P N .2) or severity (P N .1) of AW symptoms
among the 4 groups. One of themajor drawbacks of this study is that in-
vestigators solely relied on the subjective clinical assessments to mea-
sure study outcomes.

In Hendey’s study, patients in the ED with acute AW were random-
ized into two groups: 25 patients were treated with IV PB (a 260-mg
dose followed by subsequent doses of 130mg) and 19 patients received
IV LZP (2 mg). In both groups, the timing and number of subsequent
doseswere up to the treatingphysicians [24]. This study foundnodiffer-
ences in AW symptom control, ED length of stay, hospital admission
rates, or 48-hour follow-up Clinical Institute Withdrawal Assessment
(CIWA) scores between the two groups. The authors concluded that
PB and LZP were similarly effective in ED patients with acute AWS.
However, 48-hour follow-up results should be interpretedwith caution
because only 40% (18/44) patients returned for 48-hour follow-up
enter - JCon from ClinicalKey.com by Elsevier on April 01, 2019.
. Copyright ©2019. Elsevier Inc. All rights reserved.



PRISMA= Preferred Reporting Items for Systematic Reviews and Meta-Analyses

aTetrabamate is a complex of febarbamate, difebarbamate, and phenobarbital.

Studies identified through database 
searching
(n = 103)

Additional studies identified through 
other sources

(n = 9)

Studies screened after duplicates removed
(n = 98)

Studies excluded (n = 69):
-Not clinical trials (abstracts, expert opinions, reviews, 

surveys, animal trials, etc.) (n= 64)
-Case reports/series (n= 1)
-No relevant outcome measurements (n= 2)
-Outpatient (n= 1)
-No intervention of barbiturates (n= 1)

Full-text articles assessed 
for eligibility (n = 29)

Full-text articles excluded (n = 21):
-Not clinical trials (expert opinions and reviews) (n= 13) 
-No control group (n= 1)
-No relevant outcome measurements (n= 5)
-Case reports/series (n= 1)
-Combination drugs (e.g., tetrabamatea) (n= 1)

Studies included in qualitative 
synthesis (n = 8)

Studies included in final review (n = 7)

Studies excluded (n = 1):
- Poor quality study

Figure. PRISMA flow diagram of the literature selection process evaluating use of barbiturates in the treatment of AWS.
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reassessments. In addition, it should be noted that at ED discharge, pa-
tients in PB group received oral placebo, whereas patients treated
with LZP were given oral chlordiazepoxide.

All 3 studieshadsmall sample sizes, andsignificantheterogeneityexisted
among the studies in key components of study methodology—participants,
interventions, and outcomes. Nonetheless, in contrast to the two stud-
ies using PB alone, Rosenson’s study in which BZDs were administered
in combination with PB showed promising results.

3.2. Non-randomized controlled trials

We identified another double-blind comparison trial of barbital ver-
sus diazepam in the treatment of DTs, but no clear description of ran-
domization was evident in the study [25]. Patients presenting to a
psychiatric hospital with DTs were further categorized into grade 1 to
3 based on the presence of: (1) tremor only; and (2) tremor and hallu-
cination; (3) tremor, hallucination, and disorientation. Ninety-one pa-
tients were assigned to receive either diazepam (DZP) IV (n = 44) or
barbital PO (n= 47). The global assessment ratings based on the sever-
ity and duration of acute state were similar between both groups in pa-
tients experiencing grade 1 and 2 DTs, but barbital was superior to
diazepam in patients with grade 3 DTs. The authors suggested barbitu-
rates have the potential role as an alternative to BZDs in refractory DTs.
However, the results of this study should be carefully interpreted due to
the lack of objective outcome measures.

3.3. Cohort study

Three retrospective cohort studies also met our inclusion criteria.
One of the major limitations of all three studies is that participants
were recruited for a long period of time and allocated to different inter-
ventions during different time periods, which could introduce selection
bias as clinical practices and patient populations change over time.

Michaelson and colleagues retrospectively collected data on patients
with DT from two hospitals (Rigshospitalet and Bispebjerg Hospital)
from January 1998 to December 2006 [26]. The purpose of the study
was to compare effectiveness and safety of PB and DZP in the treatment
of DTs. At Rigshospitalet, patients were treated with PB (n= 53) while
at Bispebjerg, patients were treated with PB (n = 53) until 2001, and
thereafter patients were given DZP because of an institution-wide
change in AW treatment regimen (n = 88). Investigators did not find
any significant differences in duration of DT, length of hospital stay, as
Downloaded for Anonymous User (n/a) at Anne Arundel Medical Cente
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well as respiratory or cardiovascular complications. However, investiga-
tors noted that 9% of patients treatedwith DZP failed to respond to large
doses of DZP (mean 1274 ± 632 mg), but their DTs were successfully
treated after therapy was changed to PB. It should be also pointed out
that carbamazepine (BZD group 41% vs PB groups 2% each) and haloper-
idol (PB Rigshospitalet group 28% vs PB Bispebjerg group 32% vs DZP
Bispebjerg group 56%) were given to patients in addition to study
drugs, which could have confounded the results. Another potential lim-
itation is the lack of objective assessments of AWS.

In a retrospective pre-post study, Duby and colleagues evaluated the
effectiveness of protocolized management of AWS, in which escalating
BZD dosing regimens (up to 120 mg/dose) were used first and then es-
calating doses of PB (60 → 120 → 240 mg) were added when patients
were still restless and agitated, as compared with non-protocolized
care [17]. Patients with AWS admitted to an ICU received either the
protocolized treatment (postintervention group, n = 75 or usual
(non-protocolized) care (preintervention group, n = 60). The postin-
tervention group was associated with significant reductions in length
of ICU stay (5.2 vs 9.6 days, P = .0004), ventilator days (1.31 vs 5.6
days, P b .0001), requirement for mechanical ventilation due to AWS
(5% vs 22%, P b .001), BZD use (mean LZD dose 94 mg vs 317 mg, P =
.0002) and need for continuous sedation (24% vs 55%, P b .001). Addi-
tionally, mean PB doses used in the postintervention group were signif-
icantly higher (78 mg vs 50 mg, P = .04); however, it is questionable
whether these differences are clinically meaningful since PB was given
to very few patients in both groups. Furthermore, one of the limitations
of this study is that some important baseline characteristics were nota-
bly different between the two groups. Patients in the preintervention
group were significantly older (55.7 vs 50.7 years, P = .03) and had
the higher SOFA (Sequential organ failure assessment) scores (6.1 vs
3.9, P = .0004) compared with those in the postintervention group.

In a study byGold et al patients admitted to the ICU for the treatment
of AWS were divided into two groups: a preguideline group (n = 54,
from July 2000 to June 2002) and a postguideline group (n = 41, from
July 2003 to May 2005) [15]. Ninety-eight percent of patients had DTs
and 34% had AW seizures at the time of inclusion in the study. The up-
dated AWS guidelines, which were implemented in July 2003 at the
study institution, included a more aggressive strategy consisting of sig-
nificant dose escalation of BZDs (up to 150 mg/dose) and combination
of PB in case of resistant AWS. Significant increases in total amount of
DZP (248 vs 562 mg; P = .001) and PB use (17 vs 58%; P = .01) were
found in the preguideline group versus the postguideline group,
r - JCon from ClinicalKey.com by Elsevier on April 01, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.



Table
Summary of included clinical trials

Reference Study design Interventions (population, N,
treatment period, & duration
of study)

Inclusion/exclusion criteria Outcome measures Assessments Results MMAT
scoresa

Kaim et al
(1972)
[23]

R, C, Partial DB,
prospective

N = 46 chlordiazepoxide
IMb + matching placebo
X 10 D
N = 46 perphenazine IMb

+ matching placebo
X 10 D
N = 41 pentobarbital IMb

+ matching placebo
X 10 D
N = 55
paraldehyde PO
X 10 D

Inclusion criteria: DTs (disorientation, tremor,
hallucination); male
Exclusion criteria: frank schizophrenic reaction;
chronic brain syndrome; serious medical or
surgical Hx; DM; Dx of epilepsy (not associated
with heavy drinking)

Efficacy: duration and severity of the
episode from initiation of study drugs to
delirium cessation (nurses’ symptom record
and physicians’ judgments)
Safety: mortality, complications

Goal of Tx:
light
somnolence or
sleep

Mortality: 1 death (unrelated to Tx)
Complications: 3 convulsions (1 each in
chlordiazepoxide, paraldehyde, and perphenazine
groups)
Duration of episodes/severity of episodes (milder than
average, average, worse than average, or very severe):
no significant between- drug differences

**

Kramp
et al
(1978)
[25]

DB, C,
prospective

N = 44 (grade 1, N = 23;
grade 2, N = 8; grade 3, N
= 13) diazepam 20 mg
IM (max 200 mg/d) +
placebo PO
N = 47 (grade 1, N = 19;
grade 2, N = 11; grade 3,
N = 17) barbital 500 mg
PO (max 5 g/d) + placebo
IM
No psychoactive drugs
were used
Tx continued until
psychotic symptoms,
tremor and sweat had
disappeared

Inclusion criteria: acute AWS (tremor and intense
perspiration)
Exclusion criteria: intake of psychoactive drugs
within 24 h before Tx; alcohol in blood at the
time of Tx

Efficacy:
(1) Course and duration of acute state
(numbers of hours until last and last-but-
one dose; total number of doses given; time
to sleep, (2) Global assessment (satisfactory
or nonsatisfactory)
Safety: mortality, complications (seizures)

Grade 1:
Tremor (no
hallucination)
Grade 2:
Tremor +
hallucination
(no
disorientation)
Grade 3:
Tremor +
hallucination
+
disorientation

No pts died; no serious complications (one pt in each
group developed a single convulsion)
Course and duration of acute state: no marked
differences are seen; in grade 2, pts treated with
barbital fell asleep earlier than pts treated with
diazepam (P b .05)
Global assessment: in grade 1 and 2, the effects of Tx
were not statistically significant; in grade 3, barbital
significantly superior to diazepam (P b .05)

***

Gold et al
(2007)
[15]

Retrospective
cohort

N = 41, Postguideline
(100% diazepam, Avg total
daily dose = 562 mg; 58%
phenobarbital)
N = 54 preguideline
(100% diazepam, Avg total
daily dose = 248 mg; 17%
phenobarbital)
Duration of data
collection: preguideline
(July 2000-June 2002);
postguideline (July 2003-
may 2005)

Inclusion criteria: pts admitted to medical ICU
solely for Tx of severe AWS
Exclusion criteria: presence of a serious medical or
surgical diagnosis; evidence of use of other illicit
substances
Baseline characteristics: DTs (preguideline 98% vs
postguideline 98%); AW seizures (preguideline 27%
vs postguideline 38%)

Requirement of MV; incidence of
nosocomial PNA, ICU LOS

Definition of
AWS based on
DSM-IV
Guidelines:
symptom-
triggered
therapy

Use of MV (postguideline 21.9% vs preguideline 47.3%, P
= .008)
Total ICU LOS (postguideline 3.8 ± 5.4 vs preguideline 4.5
± 4.7 days, P not significant)
Nosocomial complications (postguideline 19.5% vs
preguideline 30.9%, P= .1)

***
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Hendey
et al
(2011)
[24]

Prospective,
R, C, DB

N = 25 phenobarbital IV
(260 mg initial dose,
130 mg subsequent doses,
mean 509 mg); placebo
PO at discharge
N = 19 lorazepam IV (2
mg/dose, mean 4.2 mg);
chlordiazepoxide PO at
discharge

Inclusion criteria: a known or suspected case of
AW
Exclusion criteria: severe symptoms or altered
mental status; significant comorbid medical
illness

Change in AW scores from ED baseline
score to ED discharge and 48-hr
reassessment; ED LOS; hospital
admission rates

CIWA scores Both drugs significantly decreased CIWA scores from
baseline to ED discharge (phenobarbital 15.0-5.4, P b

.0001 vs lorazepam 16.8-4.2, P b .0001); No differences
between phenobarbital and lorazepam groups in baseline
CIWA scores (P= .3), discharge scores (P= .4), ED LOS
(267 min vs 256min, P= .8), hospital admission rate (12%
vs 16%, P= .8), and 48-hour follow-up CIWA scores (P=
.6)

***

Michaelson
et al
(2010)
[26]

Retrospective,
cohort

(A) N= 53, phenobarbital
Rigshospitalet
(B) N= 53, phenobarbital
Bispebjerg
(C) N= 88, diazepam
Bispebjerg
Duration of data collection:
1998-2006c

Inclusion criteria: a hx of alcoholism and heavy
alcohol intake within 96 h preceding admission;
Two of the following symptoms: tremor, sweat,
or psychomotor agitation; visual hallucinations; a
disoriented state

Efficacy: LOS and DT duration
Safety: respiratory and cardiac
complications

Goal of Tx:
sleep

A trend toward an increase in the frequency of DT per
year in group C (A 5.9 ± 1.8 vs B 12.8 ± 4.1 vs C 17.0 ±
8.7, P = .061)
No significant intergroup differences in mortality, DT
duration, LOS, ICU admission rate, and complications
9% pts in Group C were resistant to large doses of
diazepam

**

Rosenson
et al
(2013)
[16]

Prospective,
R, DB, PC,

N = 51, phenobarbital IV
×1 10 mg/kg
N = 51, placebo
All pts were placed on
lorazepam-based AW
protocol
Duration of study: from
January 2009 to March 2010

Inclusion criteria: ED admission; a primary
admission diagnosis of AW
Exclusion criteria: known severe hepatic
impairment

Initial level of hospital admission; Use of
continuous lorazepam infusion; ICU and
hospital LOS; frequency of adverse events
(intubation, seizure, mechanical restraints)

AWCA scoresd Baseline characteristics: male (phenobarbital 90% vs
88% placebo); median initial AWCA scores
(phenobarbital 6 vs placebo 7)
Phenobarbital resulted in a decrease in ICU admission
(8% vs 25% [95% CI 4%-32%] and use of continuous
lorazepam infusion (4% vs 31% [95% CI 7%-40])
No differences in ICU/hospital LOS, administration of other
medications, and incidence of adverse outcomes

***

Duby et al
(2014)
[17]

Retrospective,
cohort

N = 60 preintervention
(PRE) groupe

N = 75 postintervention
(POST) groupf

Duration of data
collection:
PRE (February 2008-
February 2010); POST
(February 2012-January
2013)

Inclusion criteria: ICU admission; a diagnosis of
AWS
Exclusion criteria: severe brain injury (GCS b 8)

ICU LOS; BZD/phenobarbital use;
requirement of MV, duration of sedation;
ventilator-free days

CIWA-Ar/RASS Baseline characteristics (PRE vs POST): age (55.7 y vs
50.7, P = .03); SOFA score (6.1% vs 3.9%, P = .0004)
Outcomes (PRE vs POST): ICU LOS
(9.6 D vs 5.2 D, P = .0004); ventilator-free days (21.3 D
vs 26.3 D, P= .0004); mean BZD use (319 mg vs 93 mg,
P = .002); need for continuous sedation (55% vs 24%, P
b .001); duration of sedation (10.8 D vs 3.5 D, P b .001);
intubation due to AWS (22% vs 5%, P b .001); mean
phenobarbital use (50 mg vs 90 mg, P = .04)

**

MMAT, Mixed Methods Appraisal Tool; R, randomized; C, controlled; DB, double-blind; IM, intramuscular; D, days; PO, orally; Hx, history; DM, diabetes; Dx, diagnosis; Tx, treatment; pts, patients; Avg, average; MV, mechanical ventilation; PNA,
pneumonia; LOS, length of stay; DSM, Diagnostic and Statistical Manual of Mental Disorders; CIWA, Clinical Institute Withdrawal Assessment; PC, placebo-controlled; CI, confidence interval; GCS, Glasgow Coma Score; CIWA-Ar, Clinical Institute
Withdrawal Assessment of Alcohol Scale, Revised; RASS, Richmond Agitation Sedation Scale; SOFA, sequential organ failure assessment; y, year.

a MMAT scores: * 25%, one criterion met; ** 50%, two criteria met; *** 75%, three criteria met; and **** 100%, four criteria met.
b Blind medications: first dose (IM), PO was preferred thereafter.
c All DT pts at Rigshospitalet were treated with phenobarbital in the 1998-2006 period. At Bispebjerg Hospital, DT treatment regimen was changed from phenobarbital to diazepam in 2002.
d A modified version of CIWA (mild-moderate AW 3-10, severe AW N10).
e PRE pts were treated by physician’s preference.
f POST pts were treated with escalating doses of BZDs ± phenobarbital according to an AWS protocol.
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respectively. Furthermore, patients in the postguideline group showed
significant reductions in the requirement for mechanical ventilation
(47 vs 22%; P = .008) and trends toward decreases in ICU length of
stay and nosocomial infections. This study has several strengths when
compared with the studies by Duby and Michaelson. First, the baseline
characteristics of participants were similar across the two groups. Sec-
ond, although the decision to intubate was up to the discretion of the
treating physicians, criteria for other outcomemeasures such as ICU ad-
mission were clearly defined and stated.

4. Discussion

A total of 7 studies evaluating the use of barbiturates versus BZDs in
the treatment of AWSwere included in our analysis. We identified that
there is little high-quality evidence available at this time; however,
most of studies have a sample size greater than 100 patients and quality
ratings using theMMATof all seven studieswere 50% or higher. Of note,
none of these studies demonstrated inferiority of barbiturates to BZDs in
the management of AWS. Furthermore, overall safety profiles of barbi-
turates were comparable to those of BZDs across all studies included
in this review.

In our analysis,we found the following trends: (1) Barbiturates com-
bined with BZDs tend to confer a greater benefit to patients with severe
forms of alcohol withdrawal than those with mild to moderate AWS;
(2) The combination of PB and BZDsmay lead to favorable additive clin-
ical effects in controlling alcohol withdrawal symptoms. Additionally,
this regimen could be used as a strategy aiming at preventing ICU ad-
mission and mechanical ventilation; (3) The use of PB may be a poten-
tial option for treating patients with alcohol withdrawal symptoms
refractory to high doses of BZDs; and (4) Barbiturates seem to be well
tolerated inmost patients despite concerns for their low safetymargins.

Many studies in our review consistently supported that PB alone or
in combination with BZDs was more effective in treating severe or seri-
ous AWS compared to BZDs alone [15,16,25,26]. Results from studies by
Gold andMichaelson in whichmost patients had DTs indicated that the
use of PB alone or as an adjunct lead to favorable outcomes. Additional-
ly, a double-blind study by Kramp et al found no differences in efficacy
and safety outcomes of barbital and DZP in patients with mild to mod-
erate AWS, but barbital appeared to have better effects when patients
developed DTs.

Previous studies have proposed that the incidence of mechanical
ventilationwas quite high in patients with severe AWS especially treat-
ed with high doses of BZDs, which then resulting in a higher rate of ICU
length of stay and nosocomial pneumonia [15,27]. On basis of our anal-
ysis, it seems that PB incorporated into BZD therapy is associated with
reduced requirement of mechanical ventilation or ICU admission in se-
vere AWS patients compared to benzodiazepines alone [15-17]. These
findings highlight that concomitant use of PB and BZDs in severe AWS
could lead to improvedoutcomes by avoidingmechanical ventilation al-
though further investigation is warranted to elucidate its exact role for
this indication.

From thepharmacologic standpoint, barbiturates exhibit additive ef-
fects with BZDs on AWS. It can be explained by the fact that barbiturates
activate inhibitory GABA-A receptor by prolonging the duration of chlo-
ride channel opening, whereas BZDs augment the frequency of channel
opening at GABA-A receptors [4,6]. Barbiturates may also provide addi-
tional beneficial effect by inhibiting stimulatory N-methyl-D-aspartate
(NMDA) receptor, making them more attractive for patients with
BZD-refractory AWS [4,6,28]. Clinical findings seem to support the hy-
pothesis of additive effects observed between PB and BZDs. Studies by
Gold, Michaelson, Rosenson, and Duby demonstrated positive effects
of PB on AWS when it was used as an adjunct to high doses of BZDs
[15–17,26].

There have been concerns about the safety of barbiturates in patients
with AWS [4,6,9]. Serious complications of PB, which may occur more
often in elderly patients or those with impaired liver function, include
Downloaded for Anonymous User (n/a) at Anne Arundel Medical C
For personal use only. No other uses without permission
respiratory depression, over-sedation, and hypotension [8,29]. Dose titra-
tion of PB can be challenging because of its narrow margin of safety and
long half-life (53 to 140 hours) [4,8,9]. Additionally, there is no antidote
for barbiturates available in case of a barbiturate overdose, while
flumazenil can be used to reverse the serious adverse effects of BZDs.
Nonetheless, barbiturates were well tolerated in all studies included in
our analysis. In fact, two studies that included critically ill patients showed
that treatmentwith BZD and PB according to AWSprotocolswas associat-
ed with a significant decrease in need for mechanical ventilation [15,17].

Although our analysis suggests that the use of PB has great potential
in themanagement of AWS, several limitations and directions for future
research should be addressed. First, studies published in non-English
journals were excluded from our analysis, whichmay over- or underes-
timate the efficacy and safety of PB in patients with acute AWS. Second,
there is very limited literature available comparing PB with BZDs or
BZDs plus PB for the treatment of AWS. One area of future research
should focus on confirming the beneficial effect of concomitant PB ther-
apy on reducing the requirement of mechanical ventilation and how its
effect translates into improved overall outcomes in severe AWS pa-
tients. Third, the assessment tools for alcoholwithdrawalwere inconsis-
tent. Of seven trials included, three studies did not use any objective
measures to assess alcohol withdrawal symptoms. Additionally, the
clinical institute withdrawal assessment for alcohol (CIWA) and its var-
iations were used in only three trials. Fourth, different dosing strategies
for PBwere used in all these studies. It has been suggested that the com-
bination of PB and BZDs can enhance the risk of serious side effects such
as central nervous system (CNS) depression and hypotension [30,31].
Clinicians should be also aware that when these agents are given in
combinationwith alcohol, they can further augment the sedative effects
of alcohol [32,33]. Thus, special caution should be taken when deciding
the dosage regimen of PB, particularly in patients requiring combination
therapy for AWS. Finally, it has been hypothesized that the sooner bar-
biturate was given to patients with AWS, the better symptom control
was achieved [34]. None of the studies reviewed in this analysis investi-
gated the association between the timing of PB treatment and outcomes
in AWS. In a study by Rosenson, ED patients who were placed on a
lorazepam-based alcohol withdrawal protocol received study drugs ap-
proximately one hour after the first dose of lorazepam was given [16].
However, it is not certain whether positive outcomes from PB therapy
were affected by its prompt administration.

5. Conclusions

Although current clinical applications of this systematic analysis
may be limited due to a paucity of evidence from randomized control
trials, it is still notable that the use of PB seems particularly promising
in its attempt to reduce the need for ICU admission or mechanical ven-
tilation for the treatment of acute AWS. Based on our findings, for the
treatment of AWS, we would not recommend PB as the initial agent in
place of BZD; however, it is reasonable to use PB as an adjunct to a
BZD-based regimen in patients experiencing acute AWSwhile requiring
high BZD doses. The questions as to how PBwould be best incorporated
into a BZD-based standard regimen in a way that potentially avoid seri-
ous negative outcomes associated with AWS such as mechanical venti-
lation still need to be addressed in clinical trials. Thus, large-scale, well-
designed clinical trials arewarranted to evaluate thedefinitive role of PB
in the treatment of AWS.

Acknowledgments

The authors would like to acknowledge Eugenia Liu, Information
Service Librarian atWNE for her invaluable assistance in conducting lit-
erature searches. We would also like to thank Deborah Beagle, Interli-
brary Loan Librarian at WNE for her help in locating and retrieving
articles.
enter - JCon from ClinicalKey.com by Elsevier on April 01, 2019.
. Copyright ©2019. Elsevier Inc. All rights reserved.



107Y. Mo et al. / Journal of Critical Care 32 (2016) 101–107
References

[1] Awissi D, Lebrun G, Coursin DB, Riker RR, Skrobik Y. Alcohol withdrawal and deliri-
um tremens in the critically ill: a systematic review and commentary. Intensive Care
Med 2013;39:16–30.

[2] Mayo-Smith MF, Beecher LH, Fischer TL, Gorelick DA, Guillaume JL, Hill A, et al. Man-
agement of alcohol withdrawal delirium. An evidence-based practice guideline. Arch
Intern Med 2004;164:1405–12.

[3] Schuckit MA. Recognition and management of withdrawal delirium (delirium
tremens). NEJM 2014;371:2109–13.

[4] Perry E. Inpatient management of acute alcohol withdrawal syndrome. CNS Drugs
2014;28:401–10.

[5] Diagnostic and statistical manual of mental disorders. 5th ed. Arlington: American
Psychiatric Association; 2013.

[6] Sarff M, Gold JA. Alcohol withdrawal syndromes in the intensive care unit. Crit Care
Med 2010;38:S494–501.

[7] Moss M, Burnham EL. Alcohol abuse in the critically ill patient. Lancet 2006;368:
2231–42.

[8] Kattimani S, Bharadwaj B. Clinical management of alcohol withdrawal: A systematic
review. Ind Psychiatry J 2013;22:100–8.

[9] Carlson RW, Kumar NN, Wong-Mckinstry E, Ayyagari S, Puri N, Jackson FK, et al. Al-
cohol withdrawal syndrome. Crit Care Clin 2012;28:549–85.

[10] Mueller SW, Preslaski CR, Kiser TH, Fish DN, Lavelle JC, Malkoski SP, et al. A random-
ized, double-blind, placebo-controlled dose range study of dexmedetomidine as ad-
junctive therapy for alcohol withdrawal. Crit Care Med 2014;42:1131–9.

[11] Tolonen J, Rossinen J, Alho H, Harjola V. Dexmedetomidine in addition to
benzodiazepine-based sedation in patients with alcohol withdrawal delirium. Eur J
Emerg Med 2013;20:425–7.

[12] Rayner SG, Weinert CR, Peng H, Jepsen S, Broccard AF. Dexmedetomidine as adjunct
treatment for severe alcohol withdrawal in the ICU. Ann Intensive Care 2012;2:12.

[13] DeMuro JP, Botros DG, Wirkowski E, Hanna AF. Use of dexmedetomidine for the
treatment of alcohol withdrawal syndrome in critically ill patients: a retrospective
case series. J Anesth 2012;26:601–5.

[14] Muzyk AJ, Revollo JY, Rivelli SK. The use of dexmedetomidine in alcohol withdrawal.
J Neuropsychiatry Clin Neurosci 2012;24:E45–6.

[15] Gold JA, Rimal B, Nolan A, Nelson LS. A strategy of escalating doses of benzodiaze-
pines and phenobarbital administration reduces the need for mechanical ventilation
in delirium tremens. Crit Care Med 2007;35:724–30.

[16] Rosenson J, Clements C, Simon B, Vieaux J, Graffman S, Vahidnia J, et al. Phenobarbi-
tal for acute alcohol withdrawal: a prospective randomized double-blind placebo-
controlled study. J Emerg Med 2013;44:592–8.
Downloaded for Anonymous User (n/a) at Anne Arundel Medical Cente
For personal use only. No other uses without permission. C
[17] Duby JJ, Berry AJ, Ghayyem P, Wilson MD, Cocanour CS. Alcohol withdrawal syn-
drome in critically ill patients: protocolized versus nonprotocolized management. J
Trauma Acute Care Surg 2014;77:938–43.

[18] Young GP, Rores C, Murphy C, Dailey RH. Intravenous phenobarbital for alcohol
withdrawal and convulsions. Ann Emerg Med 1987;16:847–50.

[19] Martin PR, Bhushan CM, Kapur BM, Whiteside EA, Sellers EM. Intravenous pheno-
barbital therapy in barbiturate and other hypnosedative withdrawal reactions: a ki-
netic approach. Clin Pharmacol Ther 1979;26:256–64.

[20] Robinson GM, Sellers EM, Janecek E. Barbiturate and hypnosedative withdrawal by a
multiple oral phenobarbital loading dose technique. Clin Pharmacol Ther 1981;30:71–6.

[21] Pace R, Pluye P, Bartlett G, Macaulay AC, Salsberg J, Jagosh J, et al. Testing the reliabil-
ity and efficiency of the pilot Mixed Methods Appraisal Tool (MMAT) for systematic
mixed studies review. Int J Nurs Stud 2012;49:47–53.

[22] RomanC,GumboS,OkuniK. Phenobarbital use as adjunct to benzodiazepines in the treat-
ment of severe alcohol withdrawal syndrome. J Pharm Pharmacol 2014;2:551–7.

[23] Kaim SC, Klett CJ. Treatment of delirium tremens. A comparative evaluation of four
drugs. Q J Stud Alcohol 1972;33:1065–72.

[24] Hendey GW, Dery RA, Barnes RL, Snowden B, Mentler P. A prospective, randomized,
trial of phenobarbital versus benzodiazepines for acute alcohol withdrawal. Am J
Emerg Med 2011;29:382–5.

[25] Kramp P, Rafaelsen OJ. Delirium tremens: a double-blind comparison of diazepam
and barbital treatment. Acta Psychiatr Scand 1978;58:174–90.

[26] Michaelsen IH, Anderson JE, Fink-Jensen A, Allerup P, Ulrichsen J. Phenobarbital versus
diazepam for delirium tremens—a retrospective study. Dan Med Bull 2010;57:A4169.

[27] Spies CD, Otter HE, Hüske B, Sinha P, Neumann T, Rettig J, et al. Alcohol withdrawal
severity is decreased by symptom-orientated adjusted bolus therapy in the ICU. In-
tensive Care Med 2003;29:2230–8.

[28] Kosten TR, O'Connor PG. Management of drug and alcohol withdrawal. NEJM 2003;
348:1786–95.

[29] Coleman JH, Evans WE. Pharmacotherapy of the acute alcohol withdrawal syn-
drome. Dis Nerv Syst 1975;36:151–4.

[30] Levy RH, Mattson RH, Meldrum BS, Perucca E. Antiepileptic drugs. 5th ed. Philadel-
phia: Lippincott Williams & Wilkins; 2002.

[31] Hartshorn EA. Interactions of CNS drugs psychotherapeutic agents-the anxiety
drugs. Ann Pharmacother 1975;9:26–35.

[32] Newsom JA, Seymour RB. Benzodiazepines and the treatment of alcohol abuse. J Psy-
choactive Drugs 1983;15:97–8.

[33] Sillanpää ML. Alcoholism: treatment of alcohol withdrawal symptoms. Br J Hosp
Med 1982;27:323–44.

[34] Kramp P, Rønsted P, Hansen T. Barbital and diazepam plasma levels during treat-
ment of delirium tremens. Acta Psychiatr Scand 1979;59:263–75.
r - JCon from ClinicalKey.com by Elsevier on April 01, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0005
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0005
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0005
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0015
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0015
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0015
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0010
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0010
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0020
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0020
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4444
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4444
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4446
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4446
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf1444
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf1444
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0115
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0115
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4244
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf4244
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0025
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0025
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0025
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0030
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0030
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0030
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0035
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0035
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0040
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0040
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0040
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0045
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0045
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0050
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0050
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0050
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0055
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0055
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0055
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0060
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0060
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0060
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0065
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0065
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0070
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0070
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0070
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0075
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0075
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0080
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0080
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0080
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0085
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0085
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0090
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0090
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0095
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0095
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0095
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0100
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0100
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0105
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0105
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0110
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0110
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0110
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf5521
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf5521
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2521
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2521
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0120
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0120
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2522
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2522
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0125
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0125
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2523
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf2523
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0130
http://refhub.elsevier.com/S0883-9441(15)00599-7/rf0130

	Barbiturates for the treatment of alcohol withdrawal syndrome: A�systematic review of clinical trials
	1. Introduction
	2. Materials and methods
	2.1. Data sources
	2.2. Study selection
	2.3. Data extraction and synthesis

	3. Results
	3.1. Randomized controlled trials (RCTs)
	3.2. Non-randomized controlled trials
	3.3. Cohort study

	4. Discussion
	5. Conclusions
	Acknowledgments
	References


