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CASE STUDY

Successful treatment of severe, treatment resistant GHB withdrawal through
thiopental-coma

Cornelis F. Vos, MDa, Monica Pop-Purceleanu, MD, PhDa, Maarten J. W. van den Berg, MDb, and
Arnt F. A. Schellekens, MD, PhDa,c

aDepartment of Psychiatry, Radboud University Medical Center, Nijmegen, The Netherlands; bDepartment Intensive Care, Radboud University
Medical Center, Nijmegen, The Netherlands; cNijmegen Institute for Scientist-Practitioners in Addiction (NISPA), Radboud University,
Nijmegen, The Netherlands

ABSTRACT
Background: In patients with gamma-hydroxybutyrate (GHB) use disorder (GUD), withdrawal can
have a fulminant course with rapid progression of severe, potentially life-threatening complica-
tions. Case: We present a 45-year old man with severe GHB withdrawal, resistant to conventional
treatment with pharmaceutical GHB, high doses of benzodiazepines and baclofen. GHB withdrawal
finally responded to thiopental-induced coma therapy, with burst suppression pattern on electro-
encephalography (EEG). The patient fully recovered, without withdrawal or residual neuropsychi-
atric symptoms. Discussion: To our knowledge, this is the first case report in which barbiturates
were used to induce a coma to treat severe, treatment resistant GHB withdrawal. This case sug-
gests barbiturate coma therapy might be considered in severe GHB withdrawal which does not
respond to conventional treatment.

Background

Gamma-hydroxybutyrate (GHB) is a drug of abuse, particularly
popular in the party scene.1–3 Prolonged regular use (1week to
6months) can lead to dependence and use “around the clock”
(every 1–3 h).4 GHB dependence frequently results in cycles of
intoxication and withdrawal as GHB has a narrow therapeutic
window and short plasma half-life (30–50min).4 Despite the
relatively low prevalence of GHB use in the European Union
(0.1–0.4%), over 10% of drug-related hospital admissions are
linked to GHB or its precursor gamma-butyrolactone (GBL).2

Although the GHB-related mortality risk is not well-
known, acute GHB-related hospital presentations are often
severe as most patients are not communicative due to an
altered state of consciousness, commonly combined with
low body temperature, hypotension, and bradycardia.1,5–7

Acute hospital presentations may be especially severe in
cases involving other substance use, which is related to a
higher need of treatment, higher need for admission to the
Intensive Care Unit (ICU) and longer hospital stay.1,5–8 In
the Netherlands, 61% of GHB abusers report polydrug use,
mainly alcohol, cocaine, and amphetamines.3

A major risk in GHB dependence is the potentially life-
threatening GHB withdrawal syndrome, which can be aggra-
vated in case of polydrug abuse.8 Withdrawal symptoms
develop within the first hours after the last ingestion. Clinical
features may be agitation, confusion, hallucinations, delusions,

seizures, autonomous dysregulation (tachycardia, tachypnea,
hypertension), kidney failure, and cardiac arrest.4,9 GHB with-
drawal can be counteracted by benzodiazepines and pharma-
ceutical GHB as first-line treatment.4,9–11 In the Netherlands,
over the past years tapering with pharmaceutical GHB has
become the dominant strategy to treat GHB withdrawal.12

Studies have shown that titration and tapering of pharmaceut-
ical GHB is a safe strategy to assist GHB detoxification.13

Several case reports suggest GHB withdrawal can be
resistant to benzodiazepines.4,9,14,15 This might be explained
by pharmacodynamic differences between GHB and benzo-
diazepines. GHB binds to GHB receptors and mainly GABA-
B receptors, benzodiazepines exert their sedative effects
through the GABA-A receptor.4,9,14 We present a 45-year
old man with severe GHB withdrawal, resistant to benzodia-
zepines, pharmaceutical GHB, and baclofen. Only after an
induced barbiturate coma withdrawal subsided.

Clinical scenario

A 45-year-old man was admitted to our psychiatric ward for
GHB detoxification. He was dependent on GHB, using
10–15ml every hour. However, during the 48 h before
admission, he had used 40ml of GHB of unknown concen-
tration every hour. In addition, he used 4–6 l of beer, diaze-
pam 30mg, and cannabis 3 joints daily in the months prior
to hospital admission. Occasionally, he used amphetamines
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(frequency unknown), but not in the weeks before admis-
sion. He had no other relevant medical or psychiatric his-
tory. It was his first detoxification of GHB or other
substances, including alcohol and benzodiazepines.

Unexpectedly, he was brought in after intoxication with
300mg diazepam. On admission, he was deeply sedated.
Physical examination revealed no peculiarities, except a
Glasgow Coma Scale (GCS) of 3. Due to intoxication, no
medications were started. Within 1.5 h after admission his
condition changed into severe agitation, physical aggression,
and confusion. GHB withdrawal was presumed. He received
pharmaceutical GHB 6 g (sodium oxybate; 500mg GHB/ml)
and diazepam 15mg. Because he remained severely agitated
and could not take his medication orally, monitoring of vital
signs was required and he was transferred to the ICU.

At the ICU, administration of pharmaceutical GHB 6 g was
continued every 2 h and diazepam was replaced by midazolam
intravenously (dosage up to 30mg/h). Pharmaceutical GHB
was administered via nasogastric tube (NG-tube). Thiamin
250mg was administered intravenously to prevent a potential
Wernicke encephalopathy. Over the next two days, he remained
unconscious (GCS: 3) and showed mild motor restlessness.
Restlessness increased acutely during several attempts to taper
midazolam in order to regain consciousness. He developed
severe tachypnea (respiratory rate up to 70 per minute), tachy-
cardia (heart rate up to 170 per minute), and hypertension (sys-
tolic rate up to 230mmHg) when lowering of the midazolam
dose was attempted.

On the second day, the patient had to be intubated due to
respiratory insufficiency. The dose of pharmaceutical GHB
was increased to 10 g every 2 h. Clonidine intravenously
1mcg/kg/h was added to counteract withdrawal symptoms.16

On the third day, midazolam was gradually cross-tapered
with pharmaceutical GHB, resulting in doses of 10mg/h and
20 g every 2 h, respectively. Subsequently, his agitation decreased,
while he remained unconscious (GCS: 3). However, he devel-
oped hypernatremia (164mmol/l), probably due to the high
sodium load in sodium oxybate (20 g sodium oxybate contains
3.64 g sodium). Consequently, the dosage of pharmaceutical

GHB had to be lowered to 10 g every 2 h, which resulted in
recurrence of severe agitation. Propofol intravenously 300mg/h
and baclofen (via NG-tube) 20mg 3 times a day were adminis-
tered to counteract agitation and motor restlessness. Midazolam
intravenously 10mg/h was continued.

Over the next 16 days, the patient was treated with mida-
zolam intravenously (10mg/h), pharmaceutical GHB (10 g
every 2 h via NG-tube), propofol intravenously (300mg/h),
and baclofen 20mg 3 times daily (via NG-tube). He remained
unconscious. Repeated attempts to taper sedatives resulted
immediately in agitation and autonomous dysregulation.

Facing over 2 weeks of inability to taper sedatives, due to
agitation and autonomous dysregulation, it was decided to
replace all sedatives (except baclofen 20mg 3 times a day)
with barbiturates (see Figure 1). Before starting barbiturates,
intracerebral pathology was ruled out by a neurological exam-
ination and MRI of the cerebrum. Subsequently, a thiopental
coma was induced targeting a burst suppression pattern on
electroencephalography (EEG) (see Figure 2), using thiopental
intravenously 25mg/ml. The patient received two bolus infu-
sions of 10mg/kg in 30min, followed by a continuous infu-
sion of 3mg/kg/h, with continuous EEG monitoring.

During the next 4 days, he was treated with a thiopental-
induced burst suppression coma. He was hemodynamically sta-
ble and needed controlled mechanical ventilation. Daily echo-
cardiography ruled out the development of cardiac depression.
During the coma, the patient received osmotic laxatives twice a
day and magnesium sulfate 15 g daily to prevent constipation.

Then, in 3 days, thiopental was switched to phenobarbital
(via NG-tube) 125mg twice a day. Subsequently, thiopental
was stopped. The patient gradually woke up. Quetiapine (up
to 150mg per day) and diazepam (up to 30mg per day) were
prescribed to support sleep and suppress psychomotor restless-
ness. The patient slowly recovered, without neurological or
psychiatric symptoms, and showed no confusion on the CAM-
ICU17 during his further stay at the ICU.

Two weeks later, the patient was transferred to the psy-
chiatric ward for a 2-week observation period. During the
observation period, he showed no signs of neurological
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Figure 1. Psychopharmaceuticals during hospital stay.
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damage, cognitive impairment, or withdrawal in psychiatric
and neurological examinations.

After a hospital stay of 58 days, he was discharged in
good mental and physical health under a drug regimen of
phenobarbital (125mg twice a day), baclofen (20mg 3 times
a day), diazepam (20mg a day), and quetiapine (150mg a
day). He was referred to the outpatient addiction care center
where he was treated prior to hospital admission. It was rec-
ommended to taper phenobarbital and diazepam after dis-
charge. Baclofen was continued as part of GHB relapse
prevention.18 However, the patient relapsed into GHB abuse
in the subsequent months.

Discussion

To our knowledge, this is the first case report on barbitur-
ate-induced coma to treat severe, treatment-resistant GHB
withdrawal. Despite 19 days using conventional treatments
(high doses of pharmaceutical GHB, benzodiazepines and
baclofen), the patient only recovered after thiopental-
induced burst suppression coma. This case suggests barbit-
urate coma therapy might be considered in case of severe
GHB withdrawal, unresponsive to conventional treatment.

According to most international guidelines, benzodiaze-
pines are the first step in treatment of GHB withdrawal.
Pharmaceutical GHB or barbiturates may be added in case
of unresponsiveness to benzodiazepines.4,9,10 However, in
the Netherlands the dominant strategy to assist GHB detoxi-
fication is tapering with pharmaceutical GHB.12 This has
repeatedly been shown to be a safe and successful treatment
option, with potentially fewer complications, such as delir-
ium, compared to benzodiazepines.11,13 Moreover,

pharmaceutical GHB has been suggested for the treatment
of alcohol and benzodiazepine withdrawal, which is com-
mon practice in several countries.19 Therefore, we started
with pharmaceutical GHB directly, when first withdrawal
symptoms were observed.

Though the recommended starting dose of pharmaceut-
ical GHB is 3 g when patients use over 6ml GHB every 2 h,
with subsequent up-titration with a maximum of 1.5 g every
2 h,11 our patient received 6 g pharmaceutical GHB every 2 h
when withdrawal symptoms emerged. As a result, he might
have switched between severe intoxication, withdrawal, and
re-intoxication. However, multiple attempts to taper seda-
tives, including pharmaceutical GHB, did not improve
his condition.

The initial presentation of our patient was further com-
plicated by intoxication with diazepam and alcohol.
Although the patient did not use other benzodiazepines, no
quantitative bio-assessment of benzodiazepines was per-
formed, and therefore additional effects of other benzodiaze-
pines cannot be fully ruled out. Symptoms of GHB
intoxication are more severe in the case of co-use of other
substances.5–7 Moreover, diazepam and alcohol might have
dampened GHB withdrawal symptoms initially. As the
diazepam and alcohol plasma concentrations gradually low-
ered, the patient might have gone into more severe with-
drawal of GHB, as well as into synergistic withdrawal of
alcohol and benzodiazepines. Alcohol withdrawal symptoms
may appear 6–24 h after discontinuation and diazepam with-
drawal symptoms 4–8 h after the last dose.16,19 These com-
bined withdrawal syndromes might have had synergistic
effects, complicating the clinical picture during the first
hours of admission.

Figure 2. EEG pattern before, during and after thiopental-induced coma in our patient.
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Given the anticipated involvement of GHB and GABA-A
and -B receptors, we aimed at targeting these receptors by
the administration of pharmaceutical GHB, benzodiazepines,
and baclofen respectively. Despite these medications, the
patient continued to have unstable vital signs and agitation,
even after the typical duration of GHB (2–15 days) and alco-
hol withdrawal (5–7 days).4,16 Diazepam withdrawal gener-
ally lasts up to 3–4weeks,20 however, during the first 19 days
administration of benzodiazepines exceeded his daily use of
diazepam 30mg prior to hospital admission. It is therefore
unlikely that the clinical withdrawal picture can be fully
explained by benzodiazepine withdrawal.

Although this was the patient’s first detoxification, any
previous episodes of unsupervised withdrawal might have
occurred. In alcohol use disorder it has been suggested that
the severity of withdrawal symptoms may worsen after
repeated episodes of withdrawal due to increased neuronal
excitability, referred to as kindling.21 It is thought that kin-
dling may also occur in the repetitive withdrawal of other
sedatives, like benzodiazepines.22 It might be possible that
kindling also occurs in repetitive GHB withdrawal, but to
the best of our knowledge kindling has not been described
in GHB use disorder to date. Yet, there are some sugges-
tions that the number of GHB-induced comas is related to
cerebral damage and consequent cognitive impairment.23,24

Based on several case reports in which GHB withdrawal
responded well to barbiturates, we decided to switch all seda-
tives except baclofen to the barbiturate thiopental. To our
knowledge, 9 cases have been published in which barbitu-
rates showed a positive effect on GHB withdrawal syndrome
(see Table 1).14,15,25–27 However, none of these cases reported
comorbid alcohol or benzodiazepine dependence.

Moreover, we used a thiopental-induced coma with EEG
confirmed burst suppression. Burst suppression is an EEG
pattern observed in inactivated brain states, such as deep
sedation or coma.28 Drug-induced burst suppression is used
for the treatment of refractory status epilepticus.28 After sev-
eral unsuccessful attempts to taper sedatives, it was hypothe-
sized that thiopental-induced coma therapy with burst
suppression pattern on EEG might be effective in our
patient. During the thiopental-induced coma, his EEG was
continuously monitored to maintain burst suppression, and
for early identification of toxicity (including isoelec-
tric EEG).29

Thiopental-induced coma treatment is complex since
thiopental has a narrow therapeutic window, which poten-
tially overlaps toxicity: the therapeutic window is reported
between 25 and 50mg/L, and toxicity starts from 30 to
70mg/L.29 Cardiac depression and severe constipation can
be serious adverse effects of thiopental.29 Therefore, an
echocardiogram was performed daily during the coma, and
laxatives were started from the beginning of thiopental
administration.

It is poorly understood how barbiturates can be effective
when pharmaceutical GHB, benzodiazepines, and baclofen
fail to counteract GHB withdrawal. Barbiturates also act on
GABA-A and -B receptors, but in addition antagonize gluta-
matergic AMPA and kainate receptors.30 It has been

suggested that antagonizing glutamatergic receptors might
explain the effectiveness of barbiturates in the treatment of
resistant GHB withdrawal, particularly in case of manifest
glutamatergic overactivity.14 Indeed, GHB has dose-
dependent effects on glutamate and dopamine release,4,9 and
GHB withdrawal has been associated with glutamatergic
hyperactivation, resulting in agitation and motor restless-
ness.8,14 Similar effectiveness of barbiturates in case of
treatment-resistant alcohol withdrawal further supports the
idea that barbiturate-induced coma might be a last
resort option if withdrawal symptoms are treatment-
resistant.31,32

Taken together the case presented here shows that barbit-
urate-induced coma therapy might be effective for patients
with severe GHB withdrawal resistant to conventional treat-
ment with pharmaceutical GHB, benzodiazepines, and baclo-
fen. Burst suppression, observed on EEG, might be a good
way to monitor whether the coma is deep enough to fully
suppress neuronal hyperexcitation. Future studies are needed
to compare different treatment strategies for GHB detoxifi-
cation (e.g., pharmaceutical GHB versus benzodiazepines),
and to further explore the potential role of barbiturates for
GHB withdrawal in case of treatment resistance.
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