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Abstract

Context: The utility of phenobarbital in the treatment of severe alcohol withdrawal 
is contentious.

Objective: The aim was to conduct a meta-analysis of existing observational and 
randomized controlled trials investigating the efficacy and safety of phenobarbital 

Data sources: A search of PubMed, Medline, Embase, and the Cochrane Central 
Register of Controlled Trials published between 1976 and September 2021 was 
performed using medical subject headings: “severe alcohol withdrawal”, “Delirium 
Tremens” (DT), “Phenobarbital” (PB), “barbiturate”, “critical care”, “ICU”, “Trial”, 
“human” and “English”. We selected English-language clinical trials (observational 
and Randomized Controlled Trials (RCT)) evaluating the efficacy and safety of 
Phenobarbital (PB) compared to Benzodiazepine (BZD) for the treatment of severe 
Alcohol Withdrawal Syndrome (AWS) in the acute care setting.

Methods: Data extraction and critical appraisal were carried out independently 
by two authors (EC and YM) using predefined data fields. The outcome variables 
analyzed included (a) history of DT; (b) initial CIWA-AR score; (c) drug dosages 
delivered; (d) duration of medical treatment of severe AWS; (e) other adjunct 
medication use; (f) Intensive Care Unit (ICU) Length of Stay (LOS); (g) hospital 
LOS; (h) readmission rate; (i) DT or seizures; (j) other complications including 
endotracheal intubation and mechanical ventilation. These outcomes were 
unanimously decided to be important as they influence the practical management 
of severe AWS within hospitals and institutions. Heterogeneity amongst the 
outcome variables of these trials was determined by Cochran’s Q statistics and 
I² index. The meta-analysis was prepared in accordance with PRISMA guidelines. 

Results: Seven studies consisting of 1 prospective RCT and 6 retrospective trials 
were identified. Results from all the included studies show similar variables 
between BZD and PB group: Mean age, percentage of patients with previous DT, 
and median Clinical Institute Withdrawal Assessment for Alcohol Revised (CIWA-
AR) scores. There were no statistically significant differences in ICU and hospital 
LOS when comparing the BZD and PB groups. The prevalence of DT and adjunct 
medication usage was higher in the BZD group; however, statistically insignificant 
in the meta-analysis. The pooled prevalence of intubation was similar between 
the two treatment groups. Lastly, Hawa, et al. reported higher alcohol-related re-
admission in the BZD group.

Conclusion: Based on our findings, the use of PB as the primary treatment, or when 
used in addition/as adjunct to BZD, offers several advantages in the treatment of 
severe AWS. These include trend toward improved DT and seizures in severe AWS, 
shortened ICU and hospital LOS, and less use of adjunct medications. Further RCTs 
are needed to investigate PB as the primary treatment of AWS that presents with 
severe features.

Keywords: Alcohol withdrawal syndrome • Delirium tremens • Seizure • 
Benzodiazepine • Phenobarbital • Barbiturate • Systematic review • Meta-
analysis

Introduction
Globally, alcohol misuse is the seventh-leading risk factor for premature 

death and disability [1]. It’s estimated that two to seven percent of patients 
with heavy alcohol use admitted for general medical care develop severe 
Alcohol Withdrawal Syndrome (AWS) [2]. Abrupt cessation of alcohol after 
chronic use causes a disturbance between inhibitory neurotransmitter GABA 
(y-aminobutyric acid) and excitatory neurotransmitter NMDA (N-methyl-D-
aspartate) responses. Without the presence of alcohol, the disruption of 
neuronal-chemical balance leads to a lack of inhibitory neurotransmitter 
activity, which leads to the clinical manifestation of alcohol withdrawal 
symptoms. Mild withdrawal symptoms, including insomnia, diaphoresis 
and gastrointestinal upset, will appear within six hours of the most recent 
alcoholic drink. Seizures will appear within twelve hours after the last drink 
in patients with an extensive history of heavy alcohol consumption. The 
mortality rate from AWS is estimated to be 20% if left untreated [3], and 
reduced up to 5% with early recognition and treatment.

The assessment and management of patients with alcohol withdrawal 
is widely based on the Clinical Institute Withdrawal Assessment-Alcohol 
Revised (CIWA-AR) scale. This protocol is beneficial in individualizing 
treatments, reducing both treatment duration and the amount of 
medications used [4]. AWS is managed with standardized administration 
of Benzodiazepines (BZD), supportive care and continuous evaluation 
using the CIWA-AR scale [5]. The CIWA-AR based administration of BZD 
is recommended by addiction specialists due to its favorable therapeutic 
effect index. The effectiveness of BZD for the management of AWS has 
been demonstrated in multiple studies in improving the symptoms of 
withdrawal and lowering the risk of progression to DT [6]. However, some 
patients develop tolerance, which increases their risk of rebound withdrawal 
symptoms. In addition, the administration of BZD may cause over sedation 
and encephalopathy in hospitalized patients [7]. 

In cases of refractory or more severe form of AWS, decreased GABA 
receptor sensitivity to GABA agonists may cause BZD to be ineffective [8]. 
Alternatively, a barbiturate such as Phenobarbital (PB), can be used as 
monotherapy or adjunct treatment to control refractory symptoms. BZD 
acts on GABA receptor by increasing the frequency of chloride channel 
opening. Barbiturates not only increase the duration of GABA channel 
opening, but also reduces glutamate release via AMPA and kainite receptor, 
which reduce the incidence of cross-tolerance [9]. This systematic review 
and meta-analysis serve to compare and contrast the use of PB versus BZD 
in severe AWS in acute care settings, examining their effectiveness and 
safety profile. 

Materials and Methods
Search strategy and data collection

We conducted comprehensive search of electronic databases in 
PubMed, Medline, Embase and the Cochrane Central Register of Controlled 
Trials published between January 1976 and September 2021 using medical 
subject headings: “severe alcohol withdrawal”, “Delirium Tremens” (DT), 
“Phenobarbital” (PB), “barbiturate”, “critical care”, “ICU”, “Trial”, “human” 
and “English”. We further searched the reference lists of all included primary 
studies and existing meta-analysis for additional suitable manuscripts. 
The study protocol was designed by appraising the quality of identified 
trials and extracting and analyzing meaningful data by two authors (YM 
and EC) independently. The authors were not blinded to the source of the 
document or authorship for the purpose of data extraction. The data were 
obtained from observational studies and RCT meeting the inclusion criteria, 
and they were entered directly into Microsoft Excel spreadsheet. Then this 
information was examined by another independent author (BA), comparing 
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and addressing discrepancies until consensus was reached. The analysis 
was prepared in accordance with the preferred reporting of systematic 
reviews and meta-analyses (PRISMA) statement [10]. 

Inclusion and exclusion criteria

Two authors (YM and EC) individually reviewed the abstracts of 
identified manuscripts meeting prospective eligibility. Qualified full text 
articles were retrieved and checked their appropriateness against the 
inclusion and exclusion criteria. The studies must have distinguishable 
two arms of participants with severe AWS: Benzodiazepine (BZD) and 
Phenobarbital (PB), in the acute care setting. Outcomes assessed in this 
study were regarded as important in the practical management of patients 
with severe AWS. Final analyses were run on outcome variables where 
numbers were sufficient to allow statistical analysis. Exclusion criteria 
included studies that did not have both BZD and PB in separate arms of 
comparison. We also excluded studies with mild AWS or not in acute care 
setting.

Type of participants 

Adult (18 years of age or older) patients with AWS were target 
population for this meta-analysis.

Types of intervention 

Two classes of medications used to treat severe AWS are BZD and PB. 
They are being assessed in comparison for their effectiveness to control 
unopposed sympathetic activation associated with AWS, as well as their 
potential complications related to the treatment.

Types of outcome measures analyzed

There were ten outcome variables analyzed in this meta-analysis. 

These include: (a) history of DT; (b) initial CIWA-AR score; (c) drug 
dosages delivered; (d) duration of medical treatment of severe AWS; (e) 

other adjunct medication usage; (f) ICU length of stay (LOS); (g) hospital 
LOS; (h) readmission rate; (i) DT or seizures; (j) other complications 
including endotracheal intubation and mechanical ventilation. 

Statistical analysis and risk of bias across studies

Meta-analysis was performed using the statistical package ‘MetaXL’. 
Odds Ratio (OR) was calculated for binary and Weighted Mean Differences 
(WMD) for continuous outcome measures [11]. Due to significant 
heterogeneity among the trials, the random effects model was used to 
estimate the pooled prevalence with 95% Confidence Interval (CI). The 
heterogeneity among studies was assessed using the Q statistic proposed 
by Cochrane and I2 index introduced by Higgins and Thompson [12-14]. 
Standard formulas were used to calculate the mean and SD for studies 
that reported median and inter-quartile range instead, for inclusion in the 
meta-analysis [15]. The paper reports p values for different statistical 
tests on the study variables to test for hypothesis. In general, the effect 
is considered to be statistically significant when the p value is small i.e., 
p<0.05. 

Included observational studies were assessed using ROBINS-I tool 
[16], with respect to the following categories: Confounding, selection, 
intervention classification, deviation from intervention, missing data, 
measurement of outcome, and selection of reported results. RCT trial was 
assessed using Rob2 tool [17], and Jadad score (Table 1).

Results
Included studies

Cross-searching of electronic database yielded a total of 355 abstracts. 
After exclusion of 42 duplicate records and 167 non-relevant citations, 42 
unique citations of potential relevance were retrieved for further review. 
The process by which these manuscripts and abstracts were excluded is 
described in Figure 1. No further unpublished studies were found to be 

Selected Studies Overall Risk Confounding Selection Classification of 
intervention

Deviation from 
intervention Missing data Measurement of 

outcome
Selection of 
reported results

Nisavic, et al. [14] Moderate Moderate Serious Moderate Moderate Low Moderate Moderate
Sullivan, et al. [15] Low Moderate Low Low Low Low Moderate Low
Tidwell, et al. [13] Low Moderate Low Low Low Moderate Low Low
Hawa, et al. [19] Low Moderate Moderate Low Low Low Low Moderate
Nguyen, et al. [17] Moderate Low Low Serious Moderate Serious Low Moderate
Nelson, et al. [18] Moderate Moderate Moderate Serious Low Low Moderate Low
Rosenson, et al. [16] RCT. Overall, low-risk assessed using Rob2 tool and Jadad scale of 4.

Table 1. Assessment of risk of biases using ROBIN-1 tool.

Figure 1. PRISMA Diagram.
Note: ‘*’ 
[25-27]. ‘**’ Oks et al only contains only phenobarbital arm for the treatment of severe acute alcohol withdrawal; therefore, it is excluded in the final meta-analysis [28].

The study arms by Duby, Gold, and Lee were unable to be separated into distinctive phenobarbital  non-phenobarbital to be included in the final analysis versus
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suitable to be included in this systematic review and meta-analysis. The 
seven studies [18-24] that met the inclusion criteria are detailed in Table 2. 
They collectively demonstrated moderate risk of bias based on ROBINS-1 
tool for the first six observational studies, and low risk of bias using Rob2 
and Jadad scale for the RCT (Table 1) [16-17].

Excluded studies

We excluded studies outside of acute care setting as these are not of 
interest of our review. Within eleven suitable citations, three were excluded 
due to inability to separate BZD and PB treatment arms [25-27]. One was 
excluded during meta-analysis after reviewing data, due to the absence of 
BZD treatment group [28].

Pooled analysis with heterogeneity

Six retrospective and one randomized control trials with a total of 1971 
patients were analyzed. The median age for patients in the BZD group was 
49.9 years, and that of patients in the PB group was 47 years. According to 
six studies [18-23], the pooled prevalence of patients who had a history of 

DT was 27% (CI 0.95, 0.42, I2=93%, n=204/778) in the BZD group (Figure 
2A) and 30% (95%CI 0.18, 0.43, I2=90%, n=182/587) in the PB group 
(Figure 2B). Five studies [20-24], reported CIWA-AR. The median CIWA-
AR score in patients who received BZD was 9.046 plus minus 5.87, and 
that in patients who received PB was 10.3 plus minus 7.2. The Odds ratio 
between the two groups was statistically insignificant (Figure 3). 

We analyzed the outcome of BZD and PB treatment groups in the 
following three categories: Median hospital LOS, median ICU LOS, and the 
prevalence of DT. The median LOS at the hospital for patients who received 
BZD was 4.92 (SD 1.49) days, whereas that in patients who received PB 
was 3.17 (SD 0.625) days. The odds ratio between the two groups was 
statistically insignificant (Figure 4). The median LOS in ICU was 3.92 
(SD 0.95) days in patients who received BZD, and was 2.4 (SD 1.5) days 
in patients who received PB (Figure 5). The pooled prevalence of DT or 
seizures seen in patients who received BZD was 7% (95% CI 0.03, 0.11, 
I2=59%, n=49/582) (Figure 6A), whereas the pooled prevalence of DT in 
patients who received PB was 5% (95% CI 0.02, 0.08, I2=20%, n=14/291) 
(Figure 6B) as reported by three trials [19-21], in the meta-analysis. The 

Prevalence of history of DT in the benzo group

Prevalence
0.60.40.20

Study 

Sullivan et al., 2019 (n=112) 

Nguyen et al., 2020 (n=36) 

Nisavic et al., 2019 (n= 419) 

Overall 
Q=72.26, p=0.00, I2=93%

Nelson et al., 2019 (n=100) 

Tidwell et al., 2018 (n=60) 

Rosenson et al., 2013 (n=51) 

    Prev (95% CI)          % Weight

   0.04  (  0.01,  0.08)     17.2

   0.25  (  0.12,  0.41)     15.2

   0.26  (  0.22,  0.31)     18.1

   0.27  (  0.15,  0.42)    100.0

   0.29  (  0.20,  0.38)     17.1

   0.45  (  0.33,  0.58)     16.3

   0.49  (  0.35,  0.63)     16.0

Figure 2A. Prevalence of history of DT in the BZD group.  

Prevalence of history of DT in the pheno group

Prevalence
0.60.40.2

Study 

Sullivan et al., 2019 (n=97) 

Nguyen et al., 2020 (n=36) 

Overall 
Q=52.61, p=0.00, I2=90%

Nelson et al., 2019 (n=200) 

Nisavic et al., 2019 (n= 143) 

Rosenson et al., 2013 (n=51) 

Tidwell et al., 2018 (n=60) 

    Prev (95% CI)          % Weight

   0.09  (  0.04,  0.16)     17.2

   0.14  (  0.04,  0.27)     14.9

   0.30  (  0.18,  0.43)    100.0

   0.30  (  0.24,  0.37)     18.0

   0.38  (  0.30,  0.46)     17.7

   0.41  (  0.28,  0.55)     15.9

   0.53  (  0.41,  0.66)     16.3

Figure 2B. Prevalence of history of DT in the PB group.

OR CIWA-AR.

OR
1

Study 

Nguyen et al., 2020 (n=72) 

Nelson et al., 2019 (n=300) 
Rosenson et al., 2013 (n=102) 

Sullivan et al., 2019 (n=209) 

Overall 
Q=0.98, p=0.91, I2=0%

Hawa et al., 2021 (n=606) 

    OR (95% CI)          % Weight

   0.85  (  0.41,  1.76)      7.0

   0.97  (  0.69,  1.37)     31.6
   0.98  (  0.55,  1.73)     11.6

   1.02  (  0.69,  1.51)     24.6

   1.02  (  0.84,  1.24)    100.0

   1.19  (  0.81,  1.75)     25.2

Figure 3. Odds Ratio of CIWA-AR score between the BZD and PB group.

Hospital Length of stay

WMD
43210-1

Study 
Nisavic et al. 

Hawa et al. 

Sullivan et al. 

Overall 
Q=24.58, p=0.00, I2=84%

Rosenson et al. 
Tidwell et al. 

    WMD (95% CI)          % Weight
  -0.17  ( -0.88,  0.54)     18.7

   0.86  (  0.49,  1.23)     24.8

   1.00  (  0.76,  1.24)     26.6

   1.02  (  0.49,  1.56)    100.0

   1.75  (  1.31,  2.19)     23.5
   2.60  (  0.72,  4.48)      6.3

Figure 4. Hospital LOS between the BZD and PB group.
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odds ratio however was statistically insignificant between the two groups 
(Figure 6C).

Finally, we examined complications in both BZD and PB treatment arms 
for severe AWS. The pooled prevalence of intubation was reported by 5 
trials [18,20-23], as 4% (95% CI 0.00, 0.12, I2= 86%, n=23/359) in the BZD 
group and 4% (95% CI 0.02, 0.06, I2=5%, n=17/444) in the PB group [18] 
(Figure 7A and 7B). Re-admissions reported in the BZD treatment group 

were 11.97%, and 9.52% in the PB treatment group [24]. The prevalence 
of other adjunct medication usage was reported by three trials [18,20,21] 
as 50% in the BZD group (95% CI 0.23, 0.76, I2=93%, n=99/223), and 31% 
(95% CI 0.13, 0.52, I2=88%, n=61/208) in PB group (Figure 8A and 8B).

Publication bias

It is often challenging to accurately assess publication bias across 

ICU Length of stay.

WMD
3210

Study 

Sullivan et al., 2019 (n=209) 

Nguyen et al., 2020 (n=72) 

Nisavic et al., 2019 (n= 562) 

Overall 
Q=55.33, p=0.00, I2=93%

Tidwell et al., 2018 (n=120) 

Rosenson et al., 2013 (n=102) 

    WMD (95% CI)          % Weight

   0.00  ( -0.17,  0.17)     22.9

   0.40  (  0.03,  0.77)     21.9

   0.56  (  0.00,  1.12)     20.5

   0.99  (  0.24,  1.74)    100.0

   2.00  (  0.94,  3.06)     15.9

   2.50  (  1.75,  3.25)     18.8

Figure 5. ICU LOS between the BZD and PB group.

Prevalence of DT or Seizure in Benzo

Prevalence
0.10.050

Study 

Rosenson et al., 2013 (n=51) 
Sullivan et al., 2019 (n=112) 

Overall 
Q=4.93, p=0.09, I2=59%

Nisavic et al., 2019 (n= 419) 
    Prev (95% CI)          % Weight

   0.04  (  0.00,  0.11)     21.1
   0.04  (  0.01,  0.09)     32.0

   0.07  (  0.03,  0.11)    100.0

   0.10  (  0.07,  0.13)     47.0

Figure 6A. The prevalence of DT or seizure in BZD group.

Prevalence of DT or Seizure in Pheno

Prevalence
0.10.050

Study 

Rosenson et al., 2013 (n=51) 
Sullivan et al., 2019 (n=97) 

Overall 
Q=2.49, p=0.29, I2=20%

Nisavic et al., 2019 (n= 143) 
    Prev (95% CI)          % Weight

   0.02  (  0.00,  0.08)     20.0
   0.03  (  0.00,  0.08)     34.2

   0.05  (  0.02,  0.08)    100.0

   0.07  (  0.03,  0.12)     45.8

Figure 6B. The prevalence of DT or seizure in PB group.

Author /Yr/ Country[ref] Study Design
Patients BZD PB w or wo BZD 

Outcome Measures
N n n

Nisavic et al./2019/USA [14] Retrospective 
chart review 562 419 143

Primary: development of AWS-related complications (seizures, hallucinations, withdrawal 
delirium)
Secondary: hospital LOS, ICU admission rate and LOS, medication adverse effects, and 
discharge against medical advice

Sullivan et al./2019/USA [15] Retrospective 
cohort study 209 112 97

Primary outcome: need for ICU admission
Secondary: CIWA scores at ED discharge, and complications (death, intubation, hypotension/
vasopressors, seizures, HAP)

Tidwell et al./2018/USA [13] Retrospective 
cohort study 120 60 60

Primary outcome: ICU LOS
Secondary: Hospital LOS, intubation, use of adjunct medications

Hawa et al./2021/USA [19] Retrospective 
cohort study 606 543 63

Primary outcome: hospital LOS
Secondary: 30-day all cause readmission, 30-day alcohol-related readmission, 30-day ED visits 
after discharge, and need for ICU transfer during hospital stay

Nguyen et al./2020/USA [17] Retrospective 
cohort study 72 36 36

Primary outcome: total duration of treatment
Secondary outcome: ICU LOS, change in CIWA at 24h, incidence of hypotension, mechanical 
ventilation, and serum osm gap

Rosenson et al./2013/USA [16] Prospective, 
double blind, RCT 102 51 51

Nelson et al./2019/USA [18]
Retrospective, 
observational 

cohort 
300 100 200

Primary outcome: rate of ICU admission
Secondary outcome: mechanical ventilation, hospitalization rate, total and ICU LOS, total dose 
of diazepam equivalent, total PB, and number of protocol violations 

Table 2. Salient features of various trials.

Primary outcome: initial level of admission (ICU  telemetry  floor ward)vs  vs
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studies of meta-analysis of observational trials due to inability to track 
their pre-registration and protocol preparation data [29]. This is a known 
increased risk of publication bias and other reporting biases such as 
selective outcome reporting. (Table 1) Even though unpublished data may 
lead to bias, these studies may be of lower methodological quality and 
inadequate outcome assessment [30].

Discussion
BZD has long been preferred and considered as the first-line of 

treatment in patients with AWS [31]. For those with severe symptoms, 
cumulative, high doses of BZD are required to control overactive 
sympathetic tone and associated DT and seizures`. This in turn, can lead 

Prevalence of Intubation in pheno

Prevalence
0.20.150.10.050

Study 

Tidwell et al., 2018 (n=60) 

Rosenson et al., 2013 (n=51) 
Nelson et al., 2019 (n=100) 

Overall 
Q=4.21, p=0.38, I2=5%

Sullivan et al., 2019 (n=97) 

Nguyen et al., 2020 (n=36) 

    Prev (95% CI)          % Weight

   0.02  (  0.00,  0.07)     14.1

   0.02  (  0.00,  0.08)     12.1
   0.03  (  0.01,  0.06)     42.9

   0.04  (  0.02,  0.06)    100.0

   0.06  (  0.02,  0.12)     22.2

   0.08  (  0.01,  0.20)      8.6

Figure 7B. The prevalence of intubation in PB group.

Prevalence of other treatment used in the benzo group

Prevalence
0.70.60.50.40.30.2

Study 
Sullivan et al., 2019 (n=112) 

Overall 
Q=29.54, p=0.00, I2=93%

Rosenson et al., 2013 (n=51) 
Tidwell et al., 2018 (n=60) 

    Prev (95% CI)          % Weight
   0.27  (  0.19,  0.35)     34.3

   0.50  (  0.23,  0.76)    100.0

   0.59  (  0.45,  0.72)     32.6
   0.65  (  0.52,  0.77)     33.1

Figure 8A. The prevalence of adjunct medication usage in BZD group.

Prevalence of other treatment used in the pheno group

Prevalence
0.60.50.40.30.20.1

Study 
Sullivan et al., 2019 (n=97) 
Tidwell et al., 2018 (n=60) 

Overall 
Q=17.23, p=0.00, I2=88%

Rosenson et al., 2013 (n=51) 

    Prev (95% CI)          % Weight
   0.20  (  0.12,  0.28)     34.7
   0.25  (  0.15,  0.37)     33.0

   0.31  (  0.13,  0.52)    100.0

   0.53  (  0.39,  0.67)     32.3

Figure 8B. The prevalence of adjunct medication usage in PB group.

OR DT or Seizure

OR
1

Study 
Nisavic et al., 2019 (n= 562) 

Overall 
Q=0.01, p=1.00, I2=0%

Rosenson et al., 2013 (n=102) 
Sullivan et al., 2019 (n=209) 

    OR (95% CI)          % Weight
   0.97  (  0.74,  1.27)     57.3

   0.97  (  0.79,  1.20)    100.0

   0.98  (  0.56,  1.70)     14.1
   0.99  (  0.67,  1.45)     28.6

Figure 6C. Odds Ratio of DT or seizure score between the BZD and PB group.

Prevalence of Intubation in benzo

Prevalence
0.40.30.20.10-0.1

Study 

Nguyen et al., 2020 (n=36) 

Nelson et al., 2019 (n=100) 
Rosenson et al., 2013 (n=51) 

Overall 
Q=28.06, p=0.00, I2=86%

Sullivan et al., 2019 (n=112) 
Tidwell et al., 2018 (n=60) 

    Prev (95% CI)          % Weight

   0.00  (  0.00,  0.05)     18.0

   0.01  (  0.00,  0.04)     21.3
   0.02  (  0.00,  0.08)     19.4

   0.04  (  0.00,  0.12)    100.0

   0.06  (  0.02,  0.12)     21.5
   0.23  (  0.13,  0.35)     19.9

Figure 7A. The prevalence of intubation in BZD group.
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to oversedation, respiratory insufficiency, worsening delirium, as well 
as increased risk of aspiration, intubation, length of stay, and hospital 
costs [32]. Barbiturates have been touted as an alternative treatment 
option, especially in patients with refractory episodes of DT, possibly 
with the drawback of a more pronounced acute toxicity [33]. While 
barbiturates, specifically phenobarbital, have shown convincing results, 
they have not been routinely used in the treatment of AWS [34]. The most 
recent retrospective review by Oks showed promising results of PB as 
monotherapy for the treatment of severe AWS in medical ICU [28].

In this systematic review and meta-analysis, we aim to evaluate and 
analyze available evidence in the use of PB versus BZD to treat severe 
AWS in acute care setting. We understand that six of seven total of 
selected citations are not high quality RCTs [18-20,22-24], yet they offer 
substantial new evidence since last conducted systematic review and 
meta-analysis [35,36]. The patients included in our studies had similar 
baseline characteristics: Age, history of DT, and CIWA-AR scores (Figure 
2 and 3). 

Overall, the results from the included studies suggest that barbiturates 
alone or in combination with BZD are at least as effective as BZD in the 
treatment of severe AWS, indicated by comparable prevalence of DT or 
seizures (Figure 6C). This could be explained by the differences of underlying 
mechanisms of action between PB and BZD. PB provides adequate GABA 
agonism and glutamate antagonism for a prolonged duration, in contrast 
to BZD, which affect only the GABA receptor. Therefore, the more balanced 
inhibitory profile of PB results in an increased duration of symptom control 
[8-9]. Other outcome variables such as hospital LOS and ICU LOS are not 
statistically significant between BZD and PB treatment groups. However, 
the pooled mean ICU LOS is 2.4 days in PB group and 3.92 in BZD group. 
The mean hospital LOS is 3.17 days in PB group vs. 4.92 in BZD group. 
Since the financial burden of an ICU stay is typically significant, PB group 
may offer an advantage of potentially decreasing the overall cost of health 
care system by a trend towards decrease in LOS in our current analysis. 

Many clinicians have reservations about using PB due to concerns 
regarding their narrow therapeutic window, potential to induce respiratory 
depression and its long half-life [37,38]. In our analysis, we found the 
pooled prevalence of endotracheal intubation to be 4% in both treatment 
options (Figures 7A and 7B). This is consistent with previous reported 
finding that PB-related respiratory depression as a rare complication in 
severe AWS treatment [39]. We, therefore, conclude that the use of PB does 
not increase the rate of endotracheal intubation when compared to BZD, 
despite narrower therapeutic window and longer half-life. 

The use of additional medications in both BZD and PB arms was also 
not statistically significant. However, there was a trend of decreasing 
prevalence in the usage of adjunct medications in PB (0.31) versus BZD 
group (0.5) (Figure 8A and 8B). This finding offers a potential advantage of 
PB use over BZD as less adjunct medications in PB group may limit extra 
costs and possible drug-drug interactions. Additionally, PB was shown to 
decrease the need for continuous infusion of BZD, lower the overall drug 
requirement, and can be used as an adjunct agent in patients who require 
high doses of BZD [40]. 

Limitations
The previously referenced studies in this systematic review and meta-

analysis have several limitations. First of all, six of seven selected citations 
are retrospective trials that are susceptible to confounding factors by 
study design. Secondly, there are areas of heterogeneity among the 
selected studies. For example, the varying administration methods (fixed 
versus symptom-driven) and dosages of both PB and BZD are based on 
the discretion of the supervising clinician and institution-specific CIWA-
Ar protocols, limit the clinical application of the findings [41]. Symptom-
triggered BZD regimen has been shown to result in the administration 
of less total medication and to require a shorter duration of treatment 
compared to fixed-schedule regimen [42]. The lack of standardization 
for the use of alternative treatments in patients with severe AWS, namely 
phenobarbital, due to the absence of guideline recommendations, is a 
major limitation. 

Conclusions
In conclusion, based on our systematic review and meta-analysis, 

monotherapy or rescue use as an adjunct of phenobarbital is non-inferior 
to traditionally administered benzodiazepine in the treatment of severe 
alcohol withdrawal. Barbiturates also have comparable safety profile and 

may reduce costs by a trend towards less adjunct medications use and 
shortened ICU and hospital stay. Large, prospective randomized clinical 
trials are needed to further investigate PB as the primary treatment of AWS 
that presents with severe features.
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