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Abstract

Given the increase in benzodiazepine (BZD) and Z-drug (ZD) use disorder, this study described the use of phenobarbital
(PHB) as detoxification in clinical practice. A 15-year observational retrospective study was performed on medical records
of BZD-ZD use disorder patients detoxified with PHB at the Toxicology Unit and Poison Centre, Careggi University Hos-
pital, Florence (Italy). A multivariate logistic regression was used to estimate odd ratios (ORs) and related 95% confidence
intervals (CI) of “treatment failure” considering demographic and pharmacological characteristics. “Hospitalisation length”,
“PHB discharge dose”, and “BZD-ZD free status” at discharge were also calculated. During detoxification, out of 355 patients
(57% of men), with a mean age of 42.92 years, only 20 (5.6%) treatment failures were recorded: 19 were discharged against
medical advice or due to misbehaviour, and only one for PHB-related non-serious skin rash. Analysis showed a higher prob-
ability to be BZD-ZD free at discharge for subjects who reported to be employed (OR 2.29; CI 95% 1.00-5.24), for those
who abused oral drops of BZD-ZD (OR 2.16, CI 1.30-3.59), and for those treated with trazodone (OR 2.86, CI 1.14-7.17)
during hospital stay. A hospitalisation length of > 7 days was observed for patients with opioid maintenance therapy (OR 2.07,
CI 1.20-3.58) for substance use disorder, and for those treated with more than 300 mg/day of PHB equivalents at hospital
admission (OR 1.68, CI 1.03-2.72). Our results suggested that PHB can be considered a valuable detoxification option for
different types of BZD and ZD use disorder patients.
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Introduction

Benzodiazepines (BZD) are a group of drugs with anxio-
lytic, hypnotic, sedative, anti-seizures, and muscle-relaxant
properties, first discovered in 1957 when chlordiazepoxide
Simone Sartori and Giada Crescioli are Co-first author. was synthesised [1]. This class of medications modulates
several central nervous system (CNS) inhibitory pathways,
mainly as positive allosteric modulators for y-aminobutyric
54 Alfredo Vannacci acid (GABA)-A receptor, facilitating GABA binding to this
alfredo.vannacci @unifi.it chloride channel.

BZD have a better safety profile for CNS depression when
compared to barbiturates [1], and this brought to their wide
acceptance in clinical use for brief symptomatic treatments
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[2], resulting in possible physical dependence, that usually
appears in case of abrupt cessation, with life-threatening
conditions such as seizures and delirium. BZD also carry
significant complications, such as memory impairment,
vehicle accidents, falls, and overdose, and they are among
the most frequent prescription drugs prone to misuse, abuse
and diversion (along with opioids) [3].

It was only at the end of the 80’s that a new class of drugs
was discovered, similar to BZD as for the clinical effects but
completely different at a molecular level. They were named
as non-benzodiazepines, also known as z-drugs (ZD), due
to the names given to the first compounds discovered (e.g.,
zolpidem, zopiclone, zaleplon).

Overall, the need for safe and effective detoxification pro-
tocols from sedative-hypnotic medications has increased as
the availability both via prescription and illicit markets has
increased dramatically in recent years [3]. The COVID-19
pandemic only compounded this as rates of BZD prescrip-
tions increased during this period and continue to remain
elevated [4]. For the above reasons, discontinuing sedative-
hypnotic medications should be considered after prolonged
use, especially if used improperly or abused [5].

The current guidelines for BZD and ZD use disorder
treatment recommend a long-acting BZD tapering [2, 6, 7],
although this method requires long periods of outpatient
monitoring and it still carries the chance of precipitating
withdrawal symptoms in the final steps of detoxification
[6]. Other methods have been proposed to discontinue BZD
and ZD, ranging from pharmacological management with
varying degrees of efficacy (e.g., antagonism with low dose
flumazenil, cross-tolerance tapering with phenobarbital,
non-BZD withdrawal control with carbamazepine or topira-
mate) to a psychological approach with cognitive behaviour
therapy [1]. Overall, there is still no treatment consensus as
far as BZD and ZD use disorder is concerned and, despite
the social and health importance of this issue, no substantial
pharmacological progresses have been made in this toxico-
logical field. Furthermore, choosing a different detoxifica-
tion protocol often involves consideration of substance type,
comorbidities, co-abuses, and the need for a specific clinical
setting (inpatient and/or outpatient).

As BZD and alcohol, phenobarbital (PHB) binds GABA-
A receptors and has been used for the treatment of alcohol
withdrawal. However, evidence on its efficacy and safety in
the treatment of BZD and ZD disorders is scarce, and its
use in this clinical context in past years was limited, mainly
for potential adverse drug reactions (ADRs) [1, 6]. In this
context, the aim of the present study was to describe the
use of PHB, alone or in combination with long half-life
benzodiazepines (BZD), in BZD and z-drugs (ZD) use dis-
order patients. Demographic and clinical characteristics of
patients, as well as the effectiveness and tolerability of PHB
were also described.
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Methods

An observational retrospective study was carried out
on BZD and/or ZD use disorder patients admitted at the
Medical Toxicology Unit and Poison Control Centre of
Careggi University Hospital (Florence, Italy), analysing
their electronic medical records from January 1st, 2006
to December 31st, 2020. All BZD and/or ZD use disorder
patients referring to the Medical Toxicology Unit under-
went the same detoxification treatment based on PHB
(maximum dose of 300 mg/day). This is the standard treat-
ment performed at the Medical Toxicology Unit in the last
decades, and its characteristics are depicted in Fig. 1. In
addition to the use of PHB alone, the detoxification treat-
ment included supportive BZD with long half-life, such
as chlordiazepoxide (CZD), diazepam or delorazepam,
especially when further withdrawal covering was required.

All demographic and clinical data were extracted
from medical charts by two trained clinical toxicologists,
anonymized and collected in an ad hoc database. A detailed
medical and toxicological history was collected, involving
educational, occupational and pregnancy status, comorbidi-
ties, concomitant medications, and specifics about patients’
BZD and/or ZD use disorder. In particular, the follow-
ing items were analysed: active substance abused and its
average daily dosage (mg/day); pharmacokinetics features
(formulation and plasma half-life); misuse/abuse duration;
administration route; psychiatric comorbidities (mood, anxi-
ety, sleep, psychotic, or personality disorders), if present;
co-abuse (alcohol, opioid, cocaine or their association),
and its treatment if present. Patients with concomitant co-
abuse were considered as “polyabusers”. Smoking was not
considered within co-abused substances. Finally, comple-
tion of the detoxification treatment as an outpatient through
ambulatory visits during the SARS-CoV-2 pandemic was
also recorded. Due to the retrospective nature of the present
study and data anonymization, patient’s consent to partici-
pate was not required.

To compare abuse severity, each BZD and ZD was paired
with its defined daily dose (DDD, when available) [8], and
its referred total daily intake. Average dose was measured
converting the BZD and ZD total daily intake into diazepam
equivalent dose, according to tables available in literature.
The equivalent dose of PHB was recorded from patients’
abuse history, according to tables available in literature
[9-11]. When more than one active substance among BZD
and ZD was concomitantly taken, the one with the highest
daily intake was considered for computing substance plasma
half-life preference in our population. No specific differences
were made between methadone or buprenorphine in con-
comitant opioid use disorder, and they were included alto-
gether under the term “opioid maintenance therapy’.
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Medical history Start of PHB tapering Deferred interview
Toxicological history Laboratory and diagnostic investigations (if needed) Program conclusion
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PHB in-hospital protocol PHB out-hospital protocol
Computation of equivalent PHB doses and supportive BZD doses (if needed) Clinical follow-up
Psychiatric consultation Toxicological urine screening
Monitoring of intoxication or withdrawal signs and symptoms Final tapering of PHB and supportive BZD (if present)

Fig. 1 Phenobarbital-based detoxification treatment

Symptoms of intoxication (e.g., slurred speech, nystag-
mus, or ataxia), withdrawal (e.g., tremors, sweating, agita-
tion), and PHB-related ADRs (e.g., systemic dermatological
or neurological events) were retrieved from medical records.
Concomitant supportive BZD with long half-life, such as
CZD, diazepam or delorazepam, and gabapentin (GBP)
or trazodone (TZD) used for the treatment of dysphoria or
insomnia, were also considered.

The PHB treatment failure was defined as the patient’s
dropout from the detoxification treatment (e.g., in case of
PHB-related ADR, patient inappropriate behaviour, patient
who refuse to continue detoxification). The probability of
treatment failure was calculated considering both demo-
graphic (gender, age, employment, psychiatric comorbidi-
ties, alcohol or drug co-abuse, and opioid maintenance ther-
apy) and pharmacological (PHB equivalents at admission,
number of abused substances, plasma half-life, formulation,
administration route, and supportive therapy) characteristics.
We also calculated the “hospitalisation length” (> 7 days),
“PHB discharge dose” (> 100 mg/day), and “BZD free sta-
tus” at discharge, considering the same demographic and
pharmacological characteristics. Specifically, “BZD free
status” was defined as the patient’s discharge without the
original abused BZD and/or ZD and any supportive BZD
administered during the hospitalisation phase.

Descriptive statistics were used to summarise data. Cat-
egorical data were reported as frequencies and percentages
and compared using the chi-squared test, whereas continu-
ous data were reported as median values with the related
interquartile ranges (IQR), or mean and standard deviation
(SD), and compared using the Mann—Whitney test or two-
tailed ¢ Student test, respectively.

Univariate logistic regression was used to estimate the
odds ratios (ORs) of “treatment failure” with 95% confi-
dence intervals (CIs). Multivariate logistic regression was
performed and adjusted for: age, sex, PHB equivalents,
number of abused active substances, plasma half-life and
formulation. Multivariate logistic regression models were
also used to estimate the ORs and 95% ClIs of “hospitalisa-
tion length” (> 7 days), “PHB discharge dose” (> 100 mg/
day), and “BZD free status” at discharge. All results were
statistically significant at p value <0.05. Data management
and statistical analysis were carried out using STATA 17.

Results

The characteristics of the 355 use disorder patients admit-
ted to the Medical Toxicology Unit for BZD and or ZD
detoxification were reported in Table 1. The mean age was
42.92 (SD+10.66) years, and 57% were men. Two-hundred-
seventy-one (76.34%) patients had psychiatric comorbid-
ity, of which 83 (23.38%) presented mood disorders, 93
(26.20%) anxiety, and 67 (18.87%) personality disorders.
One-hundred-twenty (33.8%) patients had alcohol co-abuse
history, while 103 (29.01%) had other drugs co-abuse. One-
hundred-seven (30.14%) patients were under opioid mainte-
nance therapy with buprenorphine or methadone. Of notice,
among females, four pregnant women underwent the detox-
ification treatment. No malformation or other pregnancy/
neonatal negative outcomes were reported. Moreover, six
patients completed the detoxification treatment as outpa-
tients through ambulatory visits due to COVID-19-related
emergency measures.
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Table 1 Baseline characteristics Total, N=355 (%)  Men, N=203 (%)  Women, N=152 (%) P value
of benzodiazepine and z-drug
use disorder patients Mean age (+SD) 42.92+10.66 41.92+10.81 44.26+10.34 0.040
Median age (IQR) 42 (36-49) 40 (34-48) 43 (37-51) 0.009
Educational level
Elementary school 12 (3.38) 8(3.94) 4(2.63) 0.253
Middle school 74 (20.85) 49 (24.14) 25 (16.45)
High school 53 (14.93) 25 (12.32) 28 (18.42)
University 34 (9.58) 18 (8.87) 16 (10.53)
Not reported 182 (51.27) 103 (50.74) 79 (51.97)
Employment
Employed 56 (15.77) 24 (11.82) 32 (21.05)
Unemployed/retired 78 (21.97) 42 (20.69) 36 (23.68) 0.028
Not reported 221 (62.25) 137 (67.49) 84 (55.26)
Psychiatric comorbidity
Yes 271 (76.34) 136 (67.00) 135 (88.82) <0.001
No 84 (23.66) 67 (33.00) 17 (11.18)
Psychiatric disorder type
Mood 83 (23.38) 40 (19.70) 43 (28.29) <0.001
Anxiety 93 (26.20) 46 (22.66) 47 (30.92)
Sleep 15 (4.23) 7 (3.45) 8 (5.26)
Personality 67 (18.87) 33 (16.26) 34 (22.37)
Psychotic 5(1.41) 2(1.32) 3(1.48)
Others 8(2.25) 7 (3.45) 1 (0.66)
Not reported 84 (23.66) 67 (33.00) 17 (11.18)
Pregnancy
Yes 4(1.13) - 4(2.63) 0.020
No 351 (98.87) - 148 (97.37)
Alcohol co-abuse
Yes 120 (33.80) 77 (37.93) 43 (28.29) 0.057
No 235 (66.20) 126 (62.07) 109 (71.71)
Drug co-abuse
Yes 103 (29.01) 76 (37.44) 27 (17.76) <0.001
No 252 (70.99) 127 (62.56) 125 (82.24)
Drug type
Heroin 44 (12.39) 19 (9.36) 25 (16.45) 0.001
Cocaine 27 (7.61) 22 (10.84) 5(3.29)
Cannabis 17 (4.79) 10 (4.93) 7(4.61)
Association 40 (11.27 31 (15.27) 9(5.92)
Other co-abuse
Yes 19 (5.35) 8 (3.94) 11 (7.24) 0.172
No 336 (94.65) 195 (96.06) 141 (92.76)
Opioid maintenance therapy
Yes 107 (30.14) 83 (40.89) 24 (15.79) <0.001
No 248 (69.86) 120 (59.11) 128 (84.21)

Opioid maintenance therapy: buprenorphine or methadone

IQR interquartile range, SD standard deviation

Equivalent PHB mean converted dose at admission (Table 2). Hospitalisation length was 8.25 (SD +3.66)
was 1205.76 mg/day (SD +1456.57), with an actual  days, with a difference observed between men and women
given PHB starting dose of 229.31 +67.78 for men and  in terms of PHB therapy duration throughout hospital stay
of 211.84+66.79 for women (p =0.016), respectively (3.74 +£2.71 vs 4.63 +3.37 days; p=0.006). Total PHB
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Table 2 Phenobarbital detoxification and supportive therapy
Total, N=355 (%) Men, N=203 (%) Women, N=152 (%) P value
PHB equivalents at admission (mg/day), mean (+ SD) 1205.76 + 1456.57 1306.55 + 1647.54 1071.16 +1144.89 0.132
Hospitalisation length (days), mean (+ SD) 8.25+3.66 8.04+3.39 8.53+3.98 0.213
PHB use, mean (£ SD)
Start dose (mg/day) 221.83+67.82 229.31+£67.78 211.84+66.79 0.016
In-hospital treatment (days) 4.12+3.04 3.74+2.71 4.63+3.37 0.006
Discharge dose (mg/day) 90.21+64.31 88.67+64.83 92.27+63.77 0.602
Out-hospital treatment (days) 14.45+17.40 13.10+15.91 16.24+19.13 0.093
Total treatment duration (days) 18.57+18.56 16.84 +16.59 20.87+20.73 0.043
Supportive BZD
Yes 150 (42.25) 85 (41.87) 65 (42.76) 0.160
Association 41 (11.55) 29 (14.29) 12 (7.89)
No 164 (46.20) 89 (43.84) 75 (49.34)
Supportive CDZ
Yes 141 (39.72) 85 (41.87) 56 (36.84) 0.338
No 214 (60.28) 118 (58.13) 96 (63.16)
Start dose (mg/day), mean (+SD) 52.98+26.53 58.94+26.41 43.93+24.25 0.001
Discharge dose (mg/day), mean (+ SD) 29.93+21.40 29.65+21.01 30.36+22.15 0.848
In-hospital duration (days), mean (+SD) 4.12+2.88 3.75+2.64 4.68+3.14 0.061
BZD-ZD free status at discharge
Yes 230 (64.79) 130 (64.04) 100 (65.79) 0.733
No 125 (35.21) 73 (35.96) 52 (34.21)
Supportive GBP
Yes 146 (41.13) 88 (43.35) 58 (38.16) 0.325
No 209 (58.87) 115 (56.65) 94 (61.84)
Start dose (mg/day), mean (+ SD) 363.51+234.20 367.41 £254.85 357.62+£201.03 0.804
Discharge dose (mg/day), mean (+ SD) 803.35+279.09 787.78 +285.54 827.12+269.63 0.402
Supportive TZD
Yes 68 (19.15) 27 (13.30) 41 (26.97) 0.001
No 287 (80.85) 176 (86.70) 11 (73.03)
Supportive psychiatric therapy
Anti-depressive 55 (15.49) 24 (11.82) 31 (20.39) <0.001
Anti-psychotic 39 (10.99) 23 (11.33) 16 (10.53)
Stabiliser 28 (7.89) 17 (8.37) 11 (7.24)
Association 158 (44.51) 80 (39.41) 78 (51.32)
No therapy 75 (21.13) 59 (29.06) 16 (10.53)

BZDbenzodiazepine, CDZchlordiazepoxide, GBP gabapentin, /QRinterquartile range, PHB phenobarbital, SDstandard deviation, 7ZD trazo-

done, ZD z-drug

duration mean, also considering outpatient management, was
18.57 +18.56 days, with a statistically significant difference
between men and women (16.84 +16.59 vs 20.87 +20.73;
p=0.043). One-hundred-sixty-four (46.20%) use disorder
patients did not require any supportive BZD therapy during
detoxification, whereas 150 (42.25%) patients required one
long half-life BZD, and 41 (11.55%) required an associa-
tion of two or more long half-life BZD. At discharge, 230
patients (64.79%) were BZD free, and the others (35.21%)
had only long half-life supportive BZD therapy which was
monitored and tapered during the post-hospitalisation phase.

Phenobarbital treatment failure according to patients’
demographic and pharmacological characteristics is reported
in Table 3. Overall, only 20 (5.6%) failures were identified, of
whom 19 were referred to discharge against medical advice
or to misbehaviour, and only one patient discontinued PHB
treatment due to a non-serious ADR (skin rash). Fourteen of
the above subgroup resulted suffering from psychiatric comor-
bidities. Although at a non-statistically significant level, mul-
tivariate logistic regression showed that “treatment failure”
was higher for the presence of psychiatric comorbidities (OR
1.07, C10.36-3.17), opioid maintenance therapy (OR 1.53, CI

@ Springer
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Table 3 Phenobarbital treatment failure considering demographic and pharmacological characteristics

Treatment failure Univariate OR (95% CI) Multivariate OR (95%
CI)
Yes No

Sex

Men 15 188 1 1

Women 5 147 0.43 (0.15-1.20) 0.47 (0.15-1.42)
Age

> 40 years 12 130 1 1

<40 years 8 205 0.42 (0.17-1.06) 0.42 (0.16-1.12)
Employment

No 3 75 1 1

Yes 55 0.81 (0.28-2.28) 0.45 (0.14-1.42)
Psychiatric comorbidities

No 6 78 1 1

Yes 14 257 0.71 (0.26-1.90) 1.07 (0.36-3.17)
Alcohol co-abuse

No 13 222 1 1

Yes 7 113 1.06 (0.41-2.72) 0.94 (0.35-2.49)
Drugs co-abuse

No 15 237 1 1

Yes 5 98 0.81 (0.28-2.28) 0.45 (0.14-1.42)
Opioid maintenance therapy

No 12 236 1 1

Yes 8 99 1.59 (0.63-4.00) 1.53 (0.54-4.30)
PHB equivalents at admission (mg/day)

>300 5 87 1 1

<300 15 248 1.05 (0.37-2.98) 0.91 (0.32-2.63)
Number of abused active substances

=1 14 243 1 1

>2 6 92 1.13 (0.42-3.03) 0.90 (0.29-2.83)
Plasma half-life

Long 2 32 1 1

Intermediate 15 250 0.96 (0.21-4.39) 0.74 (0.12-4.38)

Short+ very short 3 53 0.91 (0.14-5.71) 0.62 (0.08-4.90)
Formulation

Tablets 5 118 1 1

Drops 12 174 1.73 (0.56-4.74) 1.89 (0.60-5.97)

Both 3 43 1.65 (0.38-7.18) 1.45 (0.26-8.19)
Administration route

Intravenous 1 15 1 1

Oral 19 315 0.90 (0.11-7.22) 1.59 (0.18-13.76)

Both 0 5 - -
Supportive BZD

No 7 157 1 1

Yes 13 178 1.64 (0.64-4.21) 1.78 (0.67-4.76)
Supportive CDZ

No 13 201 1 1

Yes 134 0.81 (0.31-2.08) 0.88 (0.33-2.33)
Supportive GBP

No 9 200 1 1

Yes 11 135 1.81 (0.73-4.49) 1.49 (0.58-3.82)
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Table 3 (continued)
Treatment failure Univariate OR (95% CI) Multivariate OR (95%
CI
Yes No
Supportive TZD
No 16 271 1 1
Yes 4 64 1.06 (0.34-3.27) 1.24 (0.39-3.99)
Supportive psychiatric therapy
No 8 67 1 1
Yes 12 268 0.37 (0.15-0.95) 0.42 (0.15-1.12)

Adjustment by age, sex, phenobarbital equivalents, number of abused active substances, plasma half-life, and formulation

Opioid maintenance therapy: buprenorphine or methadone

BZD benzodiazepine, CDZ chlordiazepoxide, CI confidence interval, GBP gabapentin, OR odds ratio, PHB phenobarbital, 7ZD trazodone

0.54-4.30), drops (OR 1.89, CI 0.60-5.97) and oral (OR 1.59,
CI 0.18-13.76) administration route, and for the presence of
long half-life BZD (OR 1.78, CI 0.67-4.76), GBP (OR 1.49,
CI10.58-3.82) or TZD (OR 1.24, CI 0.39-3.99) as supportive
therapies.

Hospitalisation length, PHB discharge dose, and BZD
free status at discharge according to patients’ demographic
and pharmacological characteristics are reported in Table 4.
The probability of having a hospitalisation>7 days was
observed for patients who reported opioid maintenance ther-
apy (OR 2.07, CI 1.20-3.58), and for those treated with more
than 300 mg/day of PHB equivalents at hospital admission
(OR 1.68, CI 1.03-2.72). A longer hospitalisation was also
observed for patients concomitantly treated with PHB, BZD
and GBP (OR 2.10, CI 1.02-4.33) during their hospital stay.
The probability to be discharged with a PHB dose > 100 mg/
day was lower for patients who abused BZD with a long plas-
matic half-life (OR 0.17, CI 0.03-0.95) compared to those who
abused BZD with short/very short BZD and/or ZD. Finally, the
multivariate logistic regression showed a higher probability to
be BZD free at discharge for patients who reported having an
employment (OR 2.29, CI 1.00-5.24), for those who abused
oral drops of BZD and ZD (OR 2.16, CI 1.30-3.59), and for
those concomitantly treated with PHB, BZD and TZD (OR
2.86, CI 1.14-7.17) during their hospital stay. On the contrary,
alcohol co-abuse was associated with a lower probability to be
BZD free at discharge (OR 0.08, CI 0.05-0.15).

Supplementary Tables 1 and 2 report characteristics
(number of active principles, type, plasma half-life, formu-
lation, and administration route) of abused BZD and ZD in
our cohort, with a focus on their total daily intake

Discussion

This retrospective observational study highlights new
insights on PHB use as a detoxification treatment in BZD
use disorder patients. To the best of our knowledge, this

study is the largest population-based investigation on the use
of PHB for BZD withdrawal. Furthermore, this is the first
study which also includes several ZD use disorder patients.

Considering PHB tolerability, only one patient devel-
oped an ADR, manifesting a non-serious dermatological
reaction, and none developed severe withdrawal symptoms
(i.e., delirium, seizures) nor clinically relevant sedation
associable with the detoxification treatment. Moreover, no
patients presented PHB acute intoxication requiring transfer-
ral to intensive care unit. Overall, discharge against medical
advice was another undesirable outcome, accounting for a
relatively low percentage of patients (5.6%), which is signifi-
cantly lower than that reported in a brief article published in
2012 (17.1%) [12].

Comparing our clinical evidence with that already pub-
lished in literature, we found only few studies on the use of
PHB for BZD withdrawal [1], and two case reports on its
use in ZD abusers [13]. Moreover, most of the identified
studies were represented by anecdotal description of the
clinical management of BZD withdrawal cases. Ravi et al.
reported successful treatment of five alprazolam-dependent
patients [14]. Each patient was given different doses of PHB
(range 180—480 mg/day), and the length of treatment ranged
from 9 to 19 days. Most of the patients underwent an ini-
tial BZD tapering before starting PHB treatment. Sullivan
et al., examined 19 patients in a small randomised, double-
blind controlled trial between clonazepam and PHB for the
purpose of sedative-hypnotic tapering [15]. Clinicians used
different doses of PHB or clonazepam based on BZD abuse
reported by each patient, finding a superiority of BZD over
barbiturates for symptoms of withdrawal but not of recurrent
or rebound anxiety. Based on this evidence, it’s difficult to
compare our results, both in terms of patients’ characteris-
tics, type, and length of detoxification treatment, with the
aforementioned clinical data, which is represented by out-
dated and relatively small samples.

On the other hand, of interest for an in depth compari-
son with our results is the evidence reported by Kawasaki
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Table 4 Hospitalisation length, PHB discharge dose, and BZD free status at discharge by demographic and pharmacological characteristics

Duration of hospitalisation (> 7 days)

PHB dose at discharge (> 100 mg)

BZD free status at discharge (Yes)

Univariate OR
(95% CI)

Multivariate OR
(95% CI)

Univariate OR
(95% CI)

Multivariate OR
(95% CI)

Univariate OR
(95% CI)

Multivariate OR
(95% CI)

Sex
Men
Women
Age
<40 years
>40 years
Employment
No
Yes

1
1.18 (0.77-1.81)

1
1.08 (0.70-1.66)

1
0.98 (0.49-1.96)

Psychiatric comorbidity

No
Yes

Alcohol co-abuse
No
Yes

Drugs co-abuse
No
Yes

1
0.96 (0.59-1.59)

1
0.97 (0.62-1.51)

1
1.08 (0.68-1.72)

Opioid maintenance therapy

No
Yes

PHB equivalents at admission (mg/day)

<300
>300

1
1.77 (1.10-2.85)

1
1.63 (1.01-2.63)

Number of abused active substances

=1
>2
Plasmatic half-life

1
1.02 (0.63-1.63)

Short + very short 1

Intermediate

Long
Formulation

Tablets

Drops

Both

Administration route

Intravenous
Oral
Both

0.82 (0.39-1.71)
1.20 (0.50-2.92)

1
0.95 (0.60-1.51)
1.06 (0.53-2.13)

1
1.10 (0.40-3.04)

3.11 (0.28-34.42)

Supportive psychiatric therapy

No
Yes

1
1.63 (0.98-2.73)

1
1.38 (0.86-2.20)

1
1.11 (0.69-1.77)

1
1.02 (0.50-2.07)

1
1.01 (0.59-1.74)

1
1.01 (0.64-1.60)

1
0.89 (0.51-1.54)

1
2.07 (1.20-3.58)

1
1.68 (1.03-2.72)

1
1.07 (0.63-1.81)

1
0.69 (0.30-1.60)
1.12 (0.42-2.99)

1
0.88 (0.54-1.44)
1.00 (0.44-2.26)

1
1.07 (0.37-3.07)
3.75 (0.32-44.15)

1
1.53 (0.90-2.60)

1
0.86 (0.39-1.93)

1
0.93 (0.41-2.11)

1
1.21 (0.28-5.29)

1
1.79 (0.77-4.19)

1
0.57 (0.25-1.27)

1
0.75 (0.32-1.75)

1
1.89 (0.69-5.14)

1
0.85 (0.36-2.02)

1
1.87 (0.51-6.95)
0.44 (0.11-1.75)

1
1.05 (0.43-2.54)
0.83(0.24-2.83)

1
3.09 (0.33-28.7)

1
2.11 (0.90-4.94)

1
0.71 (0.29-1.72)

1
0.69 (0.27-1.76)

1
1.43 (0.32-6.40)

1
2.31 (0.90-5.92)

1
0.60 (0.26-1.38)

1
0.51 (0.18-1.40)

1
2.66 (0.87-8.12)

1
0.46 (0.14-1.47)

1
0.66 (0.14-3.15)
0.17 (0.03-0.95)

1
1.56 (0.50-4.86)
0.58 (0.12-2.92)

1
4.12 (0.16-106)

1
2.04 (0.65-6.43)

1
1.08 (0.69-1.68)

1
0.73 (0.47-1.15)

1
1.32 (0.66-2.66)

1
0.90 (0.53-1.50)

1
0.12 (0.07-0.19)

1
1.02 (0.63-1.64)

1
1.59 (0.97-2.61)

1
1.42 (0.87-2.32)

1
1.25 (0.76-2.05)

1
1.46 (0.70-3.02)
0.87 (0.37-2.06)

1
1.90 (1.18-3.06)
1.07 (0.54-2.14)

1
0.42 (0.12-1.49)
0.15 (0.02-1.37)

1
1.39 (0.83-2.35)

1
1.01 (0.58-1.75)

1
0.78 (0.44-1.37)

1
2.29 (1.00-5.24)

1
1.05 (0.56-1.99)

1
0.08 (0.05-0.15)

1
0.76 (0.40-1.47)

1
1.74 (0.92-3.32)

1
1.43 (0.87-2.34)

1
1.03 (0.59-1.78)

1
1.42 (0.61-3.27)
0.82(0.31-2.17)

1
2.16 (1.30-3.59)
0.73 (0.31-1.71)

1
0.46 (0.12-1.71)
0.14 (0.01-1.31)

1
1.35 (0.78-2.33)

Opioid maintenance therapy: buprenorphine or methadone

Adjustment by age, sex, phenobarbital equivalents, number of abused active substances, half-life, and formulation
BZD benzodiazepines, CI confidence interval, GBP gabapentin, OR odds ratio, PHB phenobarbital, 7ZD trazodone
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et al. [12], who reviewed the medical records of 310 patients
(median age 36 years) treated with a 3-day fixed-dose PHB
taper for BZD dependence over a 5-year period. In their
series, 57.1% and 25.2% of patients were on buprenorphine
and methadone maintenance therapy, respectively. Although
this occurrence was also observed in our sample with
smaller percentages, BZD and/or ZD dependence is a com-
mon problem among patients on opioid maintenance therapy
[16]. Both in the above-mentioned study and our analysis a
PHB treatment was not associated with a negative outcome
in BZD and/or ZD use disorder patients who are also treated
for opioid dependence. The use of PHB should be carefully
evaluated in patients with opioid maintenance therapy to
avoid opioid withdrawal symptoms, especially in the case
of a PHB fixed-dose regimen [12]. In fact, it is well known
that PHB induces the cytochrome P450 enzyme, increas-
ing methadone metabolism [17], thus reducing the abuse
potential for PHB in this group compared to BZD [16].
Using BZD together with PHB allows a lower PHB daily
dosage, thus reducing cytochrome P450 induction and, sub-
sequently, the risk of opioid withdrawal symptoms. In fact,
no increased doses of methadone were required during PHB
treatment in our sample. However, we found that patients
on buprenorphine or methadone receiving PHB treatment
had a significantly longer hospital stay than others. This
could be explained by the more complex clinical assistance
level generally required by patients with opioid maintenance
therapy [18]. Most of the patients managed by Kawasaki
et al. were relatively young and did not have a concurrent
medical illness. The median age observed in our population
was 42 years (range 36—49), and the presence and the effect
of other co-abuses and psychiatric comorbidities were taken
into consideration from both a clinical and statistical point of
view. We strongly believe that during the treatment of such
patients, healthcare professionals should always address all
clinical aspects underlying BZD and/or ZD use disorder,
tailoring the detoxification treatment to each patient in the
context of precision medicine, also in the field of clinical
toxicology [19]. A fixed-dose PHB protocol should be used
with caution in elderly subjects or those who are medically
ill [12]. Conversely, using a protocol which can also include
BZD allows to treat patients with alcohol-related liver dis-
ease by lowering the PHB daily dose in combination with
specific BZD. It is well known, for example, that none of
BZD are good to use in liver disease, but lorazepam is a safer
choice for patients with liver function impairment [20]. Tak-
ing in consideration all these aspects, combine the PHB with
long half-life BZD may help clinical toxicologists to treat
those patients characterized by a more complicated clinical
and psychological profile (i.e., patients undergoing mainte-
nance therapy with methadone or buprenorphine, patients
affected by liver disfunction, or those affected by severe
psychiatric comorbidity). In our sample we observed a total

of 191 subjects who required a supportive therapy, repre-
senting the subgroup with the highest clinical complexity.
Furthermore, serum BZD concentration monitoring could
help to make detoxification more reliable and effective [21],
especially in this subgroup. Moreover, it should be noted
that the detoxification treatment was used safely in preg-
nant women, who achieved complete detoxification, with
no malformation or other pregnancy/neonatal negative out-
comes. Finally, due to the impossibility of hospitalisation for
COVID-19-related emergency measures, in 2020, a total of
6 patients were able to complete PHB detoxification as out-
patients through ambulatory visits, demonstrating that this
treatment is a valuable approach also in the context of the
recent restrictions due to SARS-CoV-2 pandemic. In light
of this, despite its spare use in past years for safety issues, if
well driven, PHB detoxification treatment appears a valuable
detoxification option for BZD and ZD use disorder patients.
The present analysis has some limitations and strengths.
First, a long-term follow-up was also not analysed. Thus, it
is not possible to draw conclusions about the effectiveness of
PHB treatment in preventing long-term relapse. In addition,
we did not find any demographic, clinical and pharmacologi-
cal factors associated with “treatment failure”, in both men
and women. This may be probably due to the total number
of use disorder patients who referred to a single Toxicology
Unit. In light of this, a multicentre analysis would be desir-
able. However, under the care of toxicology and addiction
experts, PHB could be considered a useful and tolerable
detoxification treatment for different types of use disorder
patients, such as those under opioid maintenance therapy,
polyabusers, medical ill patients, and pregnant women.

Conclusions

BZD and/or ZD abuse and dependence have become clini-
cally relevant during the last decades. Not many progresses
have been made to find effective, safe, and manageable
treatments for BZD and/or ZD withdrawal management
and detoxification. Our study suggests that PHB, despite
not being a recent detoxification option, can be used safely
in clinical practice. Further research should evaluate its
effectiveness compared to other existing treatments both in
achieving a rapid detoxification and maintaining long-term
abstinence.
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