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BACKGROUND: Benzodiazepines are the standard medi-
cation class for treating alcohol withdrawal. Guidelines
recommend dosing based on objectively measured symp-
toms (symptom-triggered therapy) rather than fixed dose
regimens. However, the superiority of symptom-triggered
therapy has been questioned, and concerns have been
raised about its inappropriate use and safety. We aimed
to assess whether symptom-triggered therapy is superior
to fixed dose schedules in terms of mortality, delirium,
seizures, total benzodiazepine dose, and duration of
therapy.
METHODS: A systematic literature search usingMedline,
Embase, and the Cochrane Registry through February
2018 was conducted for randomized controlled trials of
patients with alcohol withdrawal syndrome comparing
fixed dose benzodiazepine schedules to symptom-
triggered therapy. Risk of bias was assessed using the
Cochrane Risk of Bias Tool. Outcomes were pooled using
randomeffectsmeta-analysis.Heterogeneitywas estimat-
edusing the I2 statistic. Strength of evidencewas assessed
using methods outlined by the Agency for Healthcare
Research and Quality.
RESULTS: Six studies involving 664 patients were in-
cluded. There were no deaths and only one seizure in each
group. Four studies reported delirium, which occurred in
4 out of 164 patients randomized to symptom-triggered
therapy compared to 6 out of 164 randomized to fixed
dose therapy (odds ratio, 0.64 [95%CI, 0.17–2.47]). Three
studies reported duration of therapy, which was 60.4 h
less with symptom-triggered therapy (95% CI, 39.7–
81.1 h; p < 0.001). Six studies reported total benzodiaze-
pine dosage, which was 10.5 mg in lorazepam-equivalent
dosing less with symptom-triggered therapy (95%CI, 7.1–
13.9 mg; p = 0.011).
DISCUSSION: Moderate strength evidence suggests that
symptom-triggered therapy improved duration of therapy
and total benzodiazepine dose in specialized detoxifica-
tion settings of low-risk patients but the applicability of
this evidence in general hospital settings is low. There was
insufficient evidence for any conclusions about symptom-

triggered therapy for the major outcomes of mortality,
seizure, and delirium in any setting.
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INTRODUCTION

Alcohol use disorder and alcohol withdrawal syndrome are
common problems in hospitals and emergency rooms. The
lifetime prevalence of alcohol use disorder in the USA is 29%
[1], and it is present in 25% of hospitalized medical patients
[2]. Approximately 50% of patients with alcohol use disorder
experience withdrawal symptoms upon cessation, including
5% who have severe symptoms such as seizure and delirium
[3]. Benzodiazepines are generally considered the standard
medication class for treating alcohol withdrawal syndrome
[3–5]. Numerous review articles and guidelines have been
written recommending that dosing of benzodiazepines be
based on objectivelymeasured symptoms of withdrawal rather
than fixed dose regimens [3,6,7]. The most commonly recom-
mended scale for measuring withdrawal is the revised Clinical
Institute Withdrawal Assessment for Alcohol (CIWA-Ar) scale
[8]. Nevertheless, some authors have questioned the superiority
of symptom-triggered therapy [9]. It has also been reported that
hospitalized patients without alcohol use disorder may be placed
on symptom-triggered protocols inappropriately [10] and that
adding a symptom-triggered component based on CIWA scores
to protocols at one hospital was associated with increased mor-
tality and length of stay [11]. The literature supporting symptom-
triggered therapy has also been questioned for being unrepresen-
tative of general medical inpatients [12]. Given this uncertainty,
we undertook a systematic review of all randomized controlled
studies comparing symptom-triggered therapy to fixed dose
schedules to assess whether symptom-triggered therapy was
associated with improved mortality, delirium, seizure, duration
of therapy, and total dose of benzodiazepine.
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METHODS

Data Sources and Search Strategy

A systematic literature search using Medline, Embase, and the
Cochrane Registry from database inception through February
12, 2018, was conducted for randomized controlled trials of
patients with alcohol withdrawal syndrome comparing fixed
dose benzodiazepine schedules to symptom-triggered therapy.
Symptom-triggered therapy was defined as any regimen using
a standardized withdrawal scale to dose medication as needed
without a standing order. Fixed dose was defined as any
regimen using fixed doses with or without additional as need-
ed medication. We derived search terms using the medical
subject heading terms from studies on the subject known by
the authors. For Medline, we used the following search strat-
egy: ((Bsubstance withdrawal syndrome/drug therapy AND
comparative study^)) OR ((alcohol withdrawal delirium/drug
therapy OR alcohol withdrawal delirium/prevention and con-
trol)). We did not apply any search limitations. The review
protocol was registered in the PROSPERO database (registra-
tion CRD42017073426). The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines
were used for planning and reporting our review [13].

Study Selection

Two reviewers (JH and NM) independently screened titles and
abstracts for full text review. Only randomized controlled
studies for management of alcohol withdrawal with benzodi-
azepines comparing fixed dose schedules to symptom-
triggered therapy were included; observational studies were
excluded. Disagreement was resolved by consensus.

Data Extraction and Quality Assessment

We used a standardized form to extract data which included
author, year, country, study design, number of patients, spe-
cific medication and dosing for the fixed dose and symptom-
triggered arms, method used for assessing symptom severity,
study setting, and reported outcomes including mortality, sei-
zure, delirium, total benzodiazepine dose, and duration of
therapy/length of stay. Two reviewers (JH and NM) indepen-
dently assessed the methodological quality of included studies
using the Cochrane Risk of Bias Tool [14]. Additionally, two
reviewers (J.H., C.G.) graded overall strength of evidence for
each outcome based on study risk of bias, directness, consis-
tency, and precision as recommended by the Agency for
Healthcare Research and Quality [15]. Disagreement was
resolved by consensus.

Data Synthesis and Analysis

For dichotomous outcomes such as delirium, we calculated
odds ratios when sufficient data was available. For continuous
variables, we used means and standard deviations to calculate

mean differences in outcomes between symptom-triggered
groups and fixed dose groups. If means and standard devia-
tions were not available, we estimated values using the median
and range based on methods from Luo et al. and Wan et al.
[16,17] For the outcome of total benzodiazepine dose given,
we first converted to lorazepam equivalents by dividing oxaz-
epam doses by 15, chlordiazepoxide by 25, and diazepam by 5
[18,19]. All meta-analyses were done using random effects
meta-analysis. Heterogeneity was estimated using the I2 sta-
tistic. Statistical analysis was performed using Stata/SE, ver-
sion 14.2 (StataCorp, College Station, TX).

RESULTS

Selected Studies

The electronic search yielded 1589 unique manuscripts of
which 1578 were excluded based on title and abstract leaving
11 manuscripts for full-text review. Ultimately, six studies met
inclusion criteria (Fig. 1). Table 1 describes the characteristics
of these six studies. Studies were published between 1994 and
2014. Three studies were performed in the USA [9,19,20], two
from Europe [21,22], and one from India [23]. One study
occurred in an outpatient setting [22] and five were described
as inpatient studies although upon closer review, these were
mostly specialized detoxification centers excluding those with
acute illness or comorbidities rather than traditional hospital-
ized patients on general medical or surgical wards (Table 1).
Two trials used chlordiazepoxide [19,22], two used lorazepam
[20,23], one used oxazepam [21], and one used both diazepam
and lorazepam [9]. Sample size ranged from 47 to 183 pa-
tients. Most patients were male and study mean ages ranged
from 38.6 to 51.7 years. All six studies reported deaths,
seizures, and total benzodiazepine given. Four studies reported
on the occurrence of delirium [9,19,21,23] and three studies
reported on duration of therapy. [19,21,23]
Table 2 describes the risk of bias assessment using the

Cochrane Risk of Bias Tool. Most studies had some type of
bias that was rated as unclear or high risk of bias, including
bias related to randomization and blinding. Reporting bias was
generally rated as low except for the study by Weaver which
for the outcome of total benzodiazepine appeared to report
only on the subset of patients that had data on CIWA-Ar
scores. Several studies were also rated as high risk of bias
for the outcomes of duration of treatment and total benzodi-
azepine given because of a design bias [19–21]. These studies
included a large proportion of low-risk patients that did not
initially have symptoms of withdrawal and did not go on to
develop symptoms of withdrawal. The limitation with this is
that patients in the symptom-triggered group would therefore
by definition receive less medication than the fixed dose group
who automatically received the full amount of benzodiazepine
specified by the protocol. In the study by Daeppen for
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example, 60% of patients in the symptom-triggered therapy
group never developed symptoms of withdrawal and therefore
did not receive any study medication. A fairer way to test
symptom-triggered therapy vs. fixed dose for the outcomes of
total dose and duration would be to enroll only patients cur-
rently manifesting symptoms of withdrawal, such as CIWA-
Ar scores above 8–12.

Quantitative Outcomes

Table 3 summarizes our review findings. For the major
outcomes of mortality, seizures, and delirium, there were
too few events to allow meaningful comparisons. There
were no deaths in any of the studies and only one seizure
in each arm. For delirium, there were four events in the
symptom-triggered group compared with six in the fixed
dose group, although the resultant odds ratio was not sig-
nificantly different. Figure 2 presents the individual study
and pooled results for total benzodiazepine dose. The over-
all difference was 10.5 mg in lorazepam-equivalent dosing
less (95% CI, 7.1–13.9 mg; p = 0.011) favoring symptom-
triggered therapy. Figure 3 presents the difference in mean
duration of treatment between the two groups. The overall
pooled difference was 60.4 h less in the symptom-triggered

group (95% CI, 39.7–81.1 h). There was statistically sig-
nificance evidence for heterogeneity for difference in mean
total benzodiazepine dose (I2 = 66.3%, p = 0.003) and for
duration of therapy (I2 = 91.2%, p < 0.001).

Strength of Evidence

For the outcomes of mortality, seizure, and delirium, there
were too few events to draw conclusions on symptom-
triggered therapy and the overall strength of evidence was
rated as insufficient. For the outcomes of mean difference in
total benzodiazepine and mean difference in duration of de-
toxification, the overall strength of evidence was rated mod-
erate. For most components of strength of evidence such as
directness, consistency, and precision, the studies rated well.
For the component of study limitations, randomized controlled
studies start as high strength of evidence. We downgraded
these to moderate strength for these outcomes based on the
design limitation related to enrolling low-risk patients without
symptoms of withdrawal. We rated applicability separately
from strength of evidence. For specialized detoxification cen-
ters, we rated applicability as high. For hospitalized patients
with illness or comorbidities on general medical or surgical
wards, we rated applicability as low.

Figure 1 Study flow diagram of literature search.
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DISCUSSION

In total, we found six randomized controlled studies compar-
ing symptom-triggered to fixed dose benzodiazepine regi-
mens. For the major outcomes of mortality, seizures, and
delirium, there were too few events to allow meaningful
comparison. Small sample sizes and low-risk populations
contributed to this. For example, sample sizes ranged from
only 47 [9] to 183 [20]. Likewise, a low-risk population can be
inferred from the fact that 61% of patients receiving symptom-
triggered therapy in one study did not require a single dose of
benzodiazepines [21], or that mean duration of therapy with
symptom-triggered therapy was only 9 h in another [19], or

that 73% of symptom-triggered therapy patients in a third
study [20] had CIWA-Ar scores below 6 initially and only
required an average of 4 mg of lorazepam for the entire
detoxification regimen. A fourth study was low enough risk
that detoxification could be performed in the outpatient setting
[22]. This leaves only two remaining studies with what ap-
peared to be higher risk populations, one with mean CIWA-Ar
scores of 8 upon admission [9] and the other with mean
CIWA-Ar scores of 15.5 upon admission [23].
The two outcomes with sufficient data were total benzo-

diazepine dose and duration of therapy which were signif-
icantly less with symptom-triggered therapy compared to

Table 2 Quality Assessment of Included RCT Studies Using the Cochrane Collaboration Tool for Assessing Risk of Bias

Reference Selection bias Performance Detection bias Attrition bias Reporting bias Other
bias

Random
sequence
generation

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
reporting

Other
bias *

Saitz et al. U L L L L L H
Daeppen
et al.

L L L L L L H

Weaver et al. U U U U U U H
Elholm et al. L L U U L L U
Maldonado
et al.

L L H L L L L

Sachdeva
et al.

L L L L L L U

L, low risk of bias; H, high risk of bias; U, unclear risk of bias
*Design bias for particular outcomes

Table 1 Characteristics of Selected Papers

Author/
year

N Setting Patient
population

Interventions Study criteria Outcomes

Saitz 1994 101 Single inpatient
detoxification center in
the USA

47 years
99% male
veterans

Chlordiazepoxide fixed
+ prn vs prn only

ETOH abuse or
dependence DSM3.
Exclusions: seizures; acute
med/psych hospitalization

Deaths, delirium,
seizure, duration, total
benzodiazepine dose

Daeppen
2002

117 Two inpatient
detoxification centers in
Switzerland

46.6 years
76.9% male

Oxazepam fixed + prn
vs prn only

Inpatient ETOH program.
Exclusions: abstinence
< 72 h; major cognitive,
psych or medical
comorbidity

Deaths, delirium,
seizure, duration, total
benzodiazepine dose

Weaver
2006

183 General medical service
in single hospital in the
USA

48.9 years
80.9% male

Lorazepam fixed dose +
prn vs lorazepam prn

Age 21–75 with AD; ab-
stinent < 72 h; admit to
medicine service

Deaths, seizure, total
benzodiazepine dose

Elhom 2011 165 Outpatient Treatment
Center in Denmark

49 years
83.7% male

Chlordiazepoxide fixed
dose vs prn only

Age > 18, ICD-10 AD and
AWS and abstinence <
72 h
Exclusions: dementia,
severe cardiac, liver or
psychiatric disease

Deaths, seizure, total
benzodiazepine dose

Maldonado
2012

47 Various services at two
hospitals in the USA (3
of 47 general medical
service)

51.7 years
97.9% male

Diazepam fixed dose +
prn vs lorazepam prn
only

Adult inpatients with
ETOH withdrawal or
dependence.
Exclusions: dementia,
severe liver disease

Deaths, delirium,
seizure, total
benzodiazepine dose

Sachdeva
2014

63 Single inpatient
detoxification center in
India.

38.6 years
100% male

Lorazepam fixed dose +
prn vs lorazepam prn
only

Age 18–60 with AD and
uncomplicated withdraw-
al.
Exclusions: AUDIT < 10;
major psychiatric or
medical disease, dementia,
delirium

Deaths, delirium,
seizure, duration, total
benzodiazepine dose
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fixed dose therapy. In fact, treatment duration was 2 ½ days
less with symptom-triggered therapy and one might think
this could have significant ramifications for length of stay
in this era of seeking to provide cost effective care. How-
ever, there was significant bias in design for duration of
therapy and total benzodiazepine amount. This occurred
because of the low-risk populations mentioned in the pre-
ceding paragraph. For example, 34 of the 56 patients in the
symptom-triggered group of one study did not receive any
medication during the study while the analogous 34 pa-
tients in the fixed schedule group automatically received a
minimum of 16 mg of lorazepam-equivalent medication

per study protocol [21]. By including a large group of
patients that did not develop significant withdrawal symp-
toms and therefore did not receive any medication in the
symptom-triggered arm, these studies basically guaranteed
that the fixed schedule group would receive more study
medication and be treated for a greater duration. It is also
important to note that a duration of therapy of 9 h in one
study’s symptom-triggered therapy group [19] or 20 h in
another [21] does not correlate to length of stay given that
alcohol withdrawal and risk of delirium tremens persists
beyond that. These patients were monitored an additional
24 h in the first study and at least 3 days in the latter.

Table 3 Summary of Outcomes

Outcome No. of
studies

Symptom
triggered

Fixed
dose

Odds ratio
(95% CI)

Strength of
evidence

Applicability

Major outcomes
Mortality 6 0/333 0/331 – Insufficient Insufficient
Seizure 6 1/333 1/331 – Insufficient Insufficient
Delirium 4 4/164 6/164 0.64 (0.2–2.5) Insufficient Insufficient
Other outcomes Mean difference (95%

CI)
Mean difference in
total
benzo (milligrams)

6 – – − 10.5 (− 13.9, − 7.1) Moderate High/low*

Mean difference
(hours)

3 – – − 60.4 (− 81.1, − 39.7) Moderate High/low*

*For inpatient detoxification centers of low-risk patients, applicability was rated as high. For hospitalized patients on medical or surgical wards,
applicability was rated as low

Figure 2 Difference in duration of treatment in hours.
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Limitations of our review include the paucity of randomized
controlled studies, small sample sizes, and low-risk study
populations mentioned above. Applicability is further limited
by the study exclusion criteria. For example, out of 280
admissions in one study, only 111 were eligible given exclu-
sions for history of seizure (60), opiate withdrawal (28), using
or withdrawing from benzodiazepines (19), beta blocker use
(13), barbiturate use (1), or clonidine use (1).
Additional limitations were the clinical heterogeneity of the

included studies the fact that we had to convert the different
benzodiazepines used to lorazepam equivalents. Because of
the limited number of studies, we did not explore heterogene-
ity using subgroup analysis or meta-regression. Similarly, we
did not assess for publication bias.

CONCLUSIONS

In summary, there was insufficient evidence to determine the
value of symptom-triggered therapy for the major outcomes of
mortality, delirium, and seizure. There was moderate strength
evidence that symptom-triggered therapy improved duration
of therapy and total benzodiazepine dose in specialized detox-
ification centers of low-risk patients but the applicability of
these studies was low for inpatient hospital settings. Given the
high prevalence of alcohol use disorder and alcohol withdraw-
al syndrome in hospital settings, there is an urgent need for
further studies to assess the optimal method of management of
these conditions in the hospital.
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