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Gamma Hydroxybutyric Acid (GHB) Intoxication

Phillip E. Mason, MD, William P. Kerns II, MD

Abstract
Gamma hydroxybutyric acid (GHB) is a naturally occur-
ring analog of gamma-aminobutyric acid (GABA) that
has been used in research and clinical medicine for many
years. In the past decade it has become very popular as
a dietary supplement and recreational drug. Acute over-
dose leads to profound alteration of mental status and
variable amounts of respiratory depression. With proper
management, most patients recover fully within six
hours. However, respiratory arrest and death have been
reported in severe GHB intoxication. In addition to acute

overdose, there is a GHB withdrawal syndrome that is
similar to sedative/hypnotic and ethanol withdrawal.
Recently several congeners of GHB, gamma butyrolac-
tone and 1,4-butanediol, have emerged as drugs of abuse
and show toxidromes similar to GHB. Emergency phy-
sicians should be familiar with the presentation and
management of GHB-related emergencies. Key words:
GHB; gamma hydroxybutyric acid; drug abuse; over-
dose; toxidromes. ACADEMIC EMERGENCY MEDI-
CINE 2002; 9:730–739.

Gamma-aminobutyric acid (GABA) was discovered
as the predominant inhibitory central nervous sys-
tem (CNS) neurotransmitter in 1956. This prompted
a search for a GABA analog that would cross the
blood–brain barrier for possible therapeutic use.
During this search, gamma-hydroxybutyric acid
(GHB) was found in the brain and subsequently
synthesized in the laboratory in 1964.1,2

Since its discovery, GHB has played many roles
in the laboratory. It was used to create an absence
seizure model.3,4 GHB was also shown to have tis-
sue-protective effects in the setting of myocardial
infarction, stroke, sepsis, small bowel ischemia, hy-
povolemic shock, ionizing radiation, and oxygen
free radicals.2,5,6 Despite promising beneficial effects
in basic science research, GHB has not found wide-
spread clinical use. In the 1960–70’s, GHB was used
as a general anesthetic agent but fell out of favor
due to an association with abnormal electroenceph-
alographic (EEG) patterns in animals.7,8 GHB has
been found to be equivalent to benzodiazepines in
the management of alcohol withdrawal.9–12 There is
evidence that its prodrug, gamma-butyrolactone
(GBL), may decrease alcohol cravings in animals
and humans.13 However, the only Food and Drug
Administration (FDA)-approved indication for
GHB is the treatment of narcolepsy, where trials
have shown amelioration of symptoms and im-
proved sleep patterns.14–19

While GHB has been present in labs and thera-
peutic trials for years, it has recently become a pub-
lic health issue as a drug of abuse.
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METABOLISM
Most references to GHB in clinical medicine pertain
to its exogenous administration in therapeutic or
illicit settings. However, GHB does exist naturally
in brain tissue with concentrations in human and
monkey striatum ranging from 11 to 25 mM.5,6,20–23

It is also found in heart, liver, kidney, muscle, and
brown fat, where its function is unknown.6,20 En-
dogenous GHB is formed in the brain primarily
from GABA by the action of GABA aminotransfer-
ase and succinic semialdehyde reductase.6,20,22,24

The primary pathway for GHB elimination in-
volves conversion to succinic semialdehyde that is
subsequently converted to succinate. Succinate then
enters the Krebs cycle and is ultimately expired as
carbon dioxide (Fig. 1).20,22–24 A small fraction of
GHB is metabolized to succinate via a beta oxida-
tion pathway in the liver before entering the Krebs
cycle.25 A negligible amount of GHB is eliminated
in the urine.26–30

PHARMACOKINETICS
The pharmacokinetics of GHB have been deter-
mined from a mixture of human and animal stud-
ies. The oral bioavailability of GHB in rats is 59–
65%.27,31 Peak blood levels of GHB occur 15–45
minutes after oral administration to humans.26,28–30,32

Initial clinical and EEG effects occur 15–20 minutes
after oral administration, with peak clinical effect
occurring 30–60 minutes post-ingestion.3,26,28,33 GHB
is lipid-soluble and has essentially no protein bind-
ing, allowing it to readily cross the blood–brain
barrier.2,5,26 Distribution to target tissues occurs rap-
idly and follows a two-compartment model with a
volume of distribution (VD) of 0.4 L/kg and 0.6 L/
kg.34 Pharmacokinetic studies demonstrate dose-de-
pendent elimination of GHB with an average half
life of 20–53 minutes in healthy human sub-
jects.26,29,30,32
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Figure 1. The primary pathway for gamma hydroxybutyric acid (GHB) elimination. GABA = gamma aminobutyric acid; GBL =
gamma butyrolactone.

PHARMACOLOGY
In animals, CNS GHB levels increase by 100–500-
fold after typical doses.5,6 The principal clinical
effect of exogenously-administered GHB is CNS
depression. This neurodepressant effect may be me-
diated by a specific GHB receptor, binding to
GABA receptors, modulation of GABA levels, or in-
teractions with other neurotransmitters.

There is convincing evidence that a novel GHB
receptor exists in the CNS. These high-affinity GHB
receptors are localized to neuronal cells and, more
specifically, to the synaptosomal membrane.20,35

These receptors are saturated at the levels of GHB
achieved after exogenous administration.35,36 In hu-
man brain, the pons and hippocampus exhibit the
highest density of GHB receptors, followed by the
cerebral cortex and caudate.35 The GHB receptor is
selectively inhibited by the experimental antagonist
NCS-382.20

In addition to its own receptor, GHB is known to
bind to the GABAB receptor,37,38 although with a
much lower affinity.39 Physiologic levels of GHB
would not bind this receptor sufficiently to cause
pharmacologic effect. However, supraphysiologic
levels achieved after exogenous administration

could cause significant binding of the GABAB re-
ceptor, leading to membrane hyperpolarization and
depression of the CNS.22,37–39

It has been hypothesized that GHB exerts its ac-
tion by increasing the total CNS GABA pool. While
there is evidence that GHB is converted to GABA
in vitro, the extent of this conversion is minimal
and unlikely to account for the physiologic effect of
GHB.2,20,24,40–44

The GHB receptor is associated with dopami-
nergic neurons that may mediate the effects of GHB
on the CNS.20,22,35 Administration of GHB increases
dopamine concentrations in the striatum and cortex
in a dose-dependent fashion.5,6,20,22 This increase oc-
curs due to stimulation of tyrosine hydroxylase, the
enzyme necessary for dopamine synthesis, and is
not related to a decrease in the catabolism of do-
pamine.6 Following increased dopamine formation,
there is increased dopamine release as well.20 There
are studies suggesting that low doses of GHB in-
hibit while higher doses promote, the release of do-
pamine and that GHB inhibits dopamine release in
awake animals while stimulating it in anesthetized
animals.22

While GHB predominantly alters the CNS do-
paminergic system, there is also evidence of in-
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TABLE 1. Incidence of Cointoxicants in Gamma Hydroxybutyric Acid (GHB) Intoxication

Study Ethanol Amphetamine Cocaine Opiates Marijuana Comments

Chin et al.57 (n = 88) 39% 17% 5% 3% 3% Based on objective testing and physician
report

Li et al.56 (n = 7) 86% 0% 71% 0% 14% Ethanol by patient report; others by
objective testing

Garrison and Mueller58

(n = 59 for ethanol;
n = 57 for drugs)

63% 50% 40% 10% 60% Objective testing in all

ElSohly and Salamone53

(n = 48)
33% 13% 8% 4% 21% Sexual assault victims, biochemical

testing for all

creased acetylcholine and 5-hydroxytryptamine
levels after administration of GHB.6,20,43,45 Some
studies suggest that GHB interacts with CNS
opioids as well.20,46–48

Oral doses of 25–30 mg/kg of GHB are used
therapeutically in narcolepsy to induce physiologic
sleep.16–19,33 Studies correlating level of conscious-
ness with oral dosing found that 50–70 mg/kg
induces coma in adults, with children requir-
ing higher doses to achieve a similar level of
sedation.2,3,44 GHB administered orally at doses of
25–50 mg/kg produced peak serum levels of ap-
proximately 50–90 mg/mL, while eight patients
intoxicated with GHB had an average level of 184
mg/mL.26,29,30,32,49 The median lethal dose (LD50) for
GHB in rats is 1.7 g/kg, and is 3.3 g/kg in dogs,
with death resulting from respiratory depression.2,50

GHB AS A DRUG OF ABUSE
Gamma hydroxybutyric acid has been touted for
use as a bodybuilding supplement and a sleep en-
hancing agent under many names, including So-
matomax PM, Gamma OH, Grievous Bodily Harm,
Georgia Homeboy, and Liquid X. The problem of
intentional misuse for purposes of achieving a eu-
phoric state was first reported in 1990, with a ma-
jority of cases occurring in California, Georgia, and
Florida.51 Since that time its recreational use has
grown significantly, with multiple case reports and
case series in the literature. The popular under-
ground parties known as ‘‘raves’’ promote the
abuse of GHB as well as ketamine and methyl-
enedioxymethamphetamine (MDMA). GHB has
also been used as a means of assault, particularly
in date rape.52–54 The short-lived hypnotic effects,
relative safety and widespread availability of the
drug have made it particularly well suited to this
role. The problem is compounded by the fact that
routine drug screens do not detect GHB. The FDA
first issued warnings regarding the use of GHB in
1990, and regulation of its possession has become

stricter over the past decade. In March 2000, GHB
was added to the list of schedule I substances by
the Drug Enforcement Administration (DEA). De-
spite the increased regulation, GHB remains widely
available through the Internet where one can easily
purchase the necessary reagents as well as recipes
for home production.55 Furthermore, GHB is still
available for shipping from other countries via the
Internet.

CLINICAL FEATURES
The manifestations of GHB intoxication are pri-
marily a result of its CNS and respiratory depres-
sion and, to a lesser extent, its effects on the car-
diovascular and gastrointestinal systems. While
there are multiple case series and case reports of
GHB intoxication, only two series included labo-
ratory confirmation of GHB ingestion. In one series,
only eight of 20 suspected GHB intoxications were
confirmed by serum mass spectrometry.49 In an-
other report, only seven of 12 suspected ingestions
were confirmed using urine mass spectrometry.56

One feature of GHB intoxication is the almost uni-
versal presence of cointoxicants, often multiple,
that contribute to or cloud the clinical picture (Table
1). The high prevalence of coingestions and the fact
that many suspected GHB overdoses lack biochem-
ical evidence of its presence should be considered
when interpreting the clinical features reported in
the GHB toxidrome. Furthermore, the data regard-
ing GHB intoxication are derived primarily from
small, retrospective series, making it difficult to ac-
curately describe the features of this entity. Histor-
ically, the typical GHB patient is a white male in
the mid to late 20s with a clear history of ingestion.
Most patients are transported from nightclubs, with
84% of cases presenting between midnight and
0600 hours.49,56–58 Patients may also present after in-
gestion at gymnasiums and workout facilities. The
clinical features of GHB intoxication are summa-
rized in Table 2.
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TABLE 2. Clinical Features of Gamma Hydroxybutyric Acid (GHB) Intoxication

Study Initial GCS* Vomiting
Respiratory
Depression Bradycardia Seizures Comments

Mahon et al.49 (n = 8) Mean GCS 4.5 25% Not reported Not reported 0% Prospective, confirmed GHB by
serum GCMS†

Li et al.56 (n = 7) Mean GCS 6.3 14% 100% 0% 0% Retrospective, confirmed GHB
by urine GCMS

Chin et al.57 (n = 88) 28% GCS 3;
61% GCS #8

30% Not reported‡ 36% 0% Retrospective, no confirmation
of GHB

Garrison and Mueller58

(n = 78)
28% GCS 3;

56% GCS #8
22% Not reported Not reported 9% Retrospective, no confirmation

of GHB

Dyer34 (n = 16) Not reported§ 44%} 13% 13% 13% Retrospective, no confirmation
of GHB

*GCS = Glasgow Coma Scale score.
†GCMS = gas chromatography–mass spectrometry.
‡Arterial blood gas (ABG) in 30 patients, with partial pressure of carbon dioxide (pCO2) $45 torr in 21.
§Four of 16 patients reported as having ‘‘coma.’’
}Forty-four percent reported as having nausea or vomiting.

Gamma hydroxybutyric acid produces a spec-
trum of CNS changes. Abusers ingest the substance
to induce euphoria that is not associated with re-
sidual ‘‘hangover’’ effects. Minor effects include
ataxia, nystagmus, somnolence and aggression.
However, the cardinal manifestation of GHB intox-
ication prompting presentation to the emergency
department (ED) is CNS depression, often to the
point of coma. Several case series of GHB intoxi-
cation report that approximately 25% of patients
present with a Glasgow Coma Scale (GCS) score of
3, and 60% with a GCS score of <9.56–58 Resolution
of CNS depression occurs abruptly, with patients
going from unresponsive to agitated and combative
over very short periods of time. There are reports
of patients’ being unresponsive to painful stimuli,
yet vigorously resisting intubation attempts.34,56

Respiratory depression can be a significant com-
ponent of GHB intoxication and is exacerbated by
ethanol and other CNS depressants. The spectrum
of respiratory depression ranges from mild respi-
ratory acidosis to apnea.34,56,57 Patients have been
observed to cycle between periods of apnea and
agitation with hyperventilation.34,56,59 This may be
an exaggeration of the periodic breathing described
with GHB-induced anesthesia. During therapeutic
studies, GHB decreases respiratory rate, but there
is usually a concurrent increase in tidal volume
that maintains a near-normal minute ventila-
tion.2,28,34,50,60,61

Seizures are another CNS manifestation of GHB
intoxication, although the occurrence is variable.
One case series of 78 patients reports a 9% inci-
dence of seizures, while other series report no sei-
zures.56–58 There are data in rats and primates in-

dicating that GHB induces epileptiform EEG
discharges similar to petit mal seizures.62–64 How-
ever, multiple studies in humans fail to demon-
strate any epileptogenic action of GHB.3–5,33,44,65,66

Myoclonic movements of the face and extremities
are described after induction of anesthesia with
GHB and are also described in case reports of in-
toxication.44,49,57,62 It is possible that these myoclonic
jerks are misinterpreted as seizures. In the critically
ill patient, respiratory depression may lead to hy-
poxic seizures.

Bradycardia is often documented in persons un-
der the influence of GHB34,57 and is a known feature
of its therapeutic use.2,44,50,60–62,67 Therapeutic use of
GHB has minimal effects on blood pressure in
man.2,44,60–62,67 However, hypotension can occur in il-
licit intoxication, with one case series reporting an
incidence of 11%.57

There are only sporadic reports of electrocardio-
graphic (ECG) changes associated with both ther-
apeutic and illicit GHB use. In one series, five of
seven GHB-intoxicated patients developed U
waves, and there was one case each of first-degree
atrioventricular (AV) block and right bundle branch
block (RBBB). However, five of the seven patients
in this series concurrently used cocaine, an agent
known to cause a multitude of ECG changes.56

Transient inverted P waves occurred in 12 of 54
children receiving GHB for sedation during cardiac
procedures.60 Decreases in T-wave amplitude and
T-wave inversion were observed in a series of car-
diac patients receiving GHB. However, these car-
diac patients were also hypokalemic, which makes
these findings difficult to attribute to GHB.2 One pa-
tient experienced transient atrial fibrillation under
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TABLE 3. Emergency Department (ED) Course of Gamma Hydroxybutyric Acid (GHB) Intoxication

Study Admitted Intubated
Mean Duration
of Intubation

Average Time in ED
if Not Admitted

Chin et al.57 (n = 88) 11% 13% 179 minutes Not reported

Mahon et al.49 (n = 8) 0% 50% 80 minutes Not reported

Li et al.56 (n = 7) 43% 57% 3.5 hours 6 hours

Garrison and Mueller58 (n = 78) 4% 10% Not reported 3 hours

the influence of GHB and barbiturates.57 Finally,
there is a report of transient RBBB in a child exposed
to GHB.68 Thus, there are no consistent or significant
ECG changes seen with GHB intoxication.

Vomiting is seen frequently in GHB intoxication,
with an incidence of 14–44%.34,49,56–58 Emesis is also
a common feature of the therapeutic use of GHB.44,61

The highest incidence of vomiting seems to be dur-
ing the periods of arousal, although it can occur at
any time.

Mild hypothermia was noted in one series, with
69% of patients having temperatures less than
36.07C and 31% less than 35.07C.57 Another series
reported no hypothermia.56

CLINICAL COURSE
Despite dramatic alterations in mental status and
other physiologic parameters, the outcome in GHB
overdose is typically good, provided the patient
does not die prior to receiving medical care. In all
reported deaths, the deceased person was found
dead at the scene and there are no reports of pa-
tients dying of GHB overdose after seeking medical
care.69–73

The ED course of GHB intoxication is summarized
in Table 3. Based on published case series, patients
typically recover respiratory and CNS function in
two to six hours.49,56–58,73–77 This is consistent with the
duration of action of GHB when used therapeuti-
cally. Despite profound CNS and respiratory de-
pression necessitating intubation, patients may not
require hospital admission. The rapid recovery from
GHB intoxication often permits extubation and dis-
charge to home from the ED after a period of ob-
servation.49,56–58,73 Patients who do not recover in six
hours are atypical of GHB intoxication, and an al-
ternative diagnosis should be sought.

DRUG INTERACTIONS
Case reports of interactions between GHB and
other substances appear in the literature. One re-
port describes a patient having severely depressed
mental status and respirations after ingesting 10
mg/kg of GHB, a dose which he had exceeded

many times in the past. The patient had recently
been started on ritonavir and saquinavir, and these
are thought to have exacerbated his response to
GHB.78 These drugs are known to inhibit the cyto-
chrome p450 system, which may decrease first-pass
hepatic metabolism of GHB, leading to potentiation
of its effects.27

Studies in rats demonstrate that GHB and 1,4-
butanediol (a prodrug of GHB) have a synergistic
effect with ethanol.79,80 Cross-tolerance between
GHB and ethanol has also been demonstrated and
gamma-butyrolactone, a GHB congener, reduces
voluntary consumption of ethanol in rats.13,81 Ani-
mal and human data have shown that GHB is ef-
ficacious in the treatment of ethanol dependence
and withdrawal.9–12,25,82 These data suggest that
there is some biochemical similarity between the
actions of GHB and ethanol. However, research into
the nature of these interactions is incomplete and
often contradictory.

MANAGEMENT
Despite the dramatic alterations in mental status
and respiratory function, most GHB patients do
well with supportive measures. Beyond supportive
care, the most important endeavor of the treating
physician is to thoroughly search for the presence
of cointoxicants and occult trauma that may require
intervention.

Respiratory effort is often preserved in GHB
overdose despite coma or marked depression of
mental status. However, severe respiratory depres-
sion and apnea may occur and are indications for
endotracheal intubation. Reports of complete loss
of airway reflexes and aspiration pneumonia fur-
ther emphasize the importance of proper airway
management.2,68,69,75,83

The need for pharmacologic aids to intubate the
severely intoxicated GHB patient may vary de-
pending on the clinical circumstances. Deeply co-
matose patients can be intubated using only a par-
alytic agent, allowing GHB to serve as its own
induction agent.59,78,83 However, the addition of a
short-acting induction agent, such as etomidate,
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may be useful to prevent the agitation frequently
observed during the intubation of GHB pa-
tients.44,56,59

Post-intubation sedation in GHB overdose is use-
ful to allow for smooth recovery and controlled ex-
tubation. However, excessive sedation may neces-
sitate mechanical ventilation even after the effects
of GHB have ceased. A reasonable approach is to
administer a single dose of a short acting sedative/
hypnotic agent (e.g., midazolam). The need for con-
tinued mechanical ventilation can be reassessed af-
ter the effects of the sedative/hypnotic agent have
passed.

Cardiovascular effects related to GHB are un-
likely to require aggressive therapy. GHB-induced
bradycardia responds to atropine.44,61,67 There are no
reports of GHB-induced hypotension requiring
pressor therapy. The presence of a significant con-
duction delay or other ECG abnormalities is not
typical of GHB intoxication and, if present, should
prompt a search for another cardiotoxic substance.

The role of gastrointestinal (GI) decontamination
in cases of GHB intoxication is unclear. The rapid
absorption of the drug argues against the routine
use of activated charcoal. Furthermore, the inci-
dence of vomiting may be increased by the admin-
istration of charcoal, placing the patient at higher
risk for aspiration pneumonitis. One could argue
that decontamination may be useful to decrease the
absorption of coingestants that frequently accom-
pany GHB. However, activated charcoal is not ef-
ficacious for the most common coingestants such as
ethanol, marijuana or inhaled cocaine. Additionally,
the mortality of GHB intoxication is low, even in
the presence of coingestants, once the patient
reaches the hospital. These arguments make a
strong case against GI decontamination in cases of
GHB overdose. If the patient requires intubation for
airway protection or respiratory depression, the
risk of aspiration is lessened and the use of charcoal
may be appropriate.

Some pharmacokinetic properties of GHB, spe-
cifically the low VD, minimal protein binding, and
small size (MW 104) make it well suited to elimi-
nation by dialysis. However, the short duration of
clinical effects make extracorporeal drug elimina-
tion unnecessary. There are no reported cases of
GHB intoxication requiring hemodialysis.

While not included on standard drug screens,
GHB can be detected in urine and serum by mass
spectrometry/gas chromatography.52,53,70,84–86 The
rapid elimination of GHB makes detection difficult,
with the majority of patients having no measurable
plasma level six hours after receiving therapeutic
doses.26,29,30,32 There is evidence that GHB is a prod-
uct of postmortem decomposition, as significant

levels can be detected in blood, but not urine, from
deceased patients not known to have ingested
GHB.72

ANTIDOTES
While multiple drugs have been studied, there is
no specific antidote for GHB in clinical use today.
Anticonvulsant drugs such as clonazepam, phenyt-
oin, phenobarbital, and diazepam do not reverse
GHB-induced coma.87,88 Ethosuximide and dextro-
amphetamine reverse GHB-induced CNS depres-
sion in monkeys, although their clinical use for this
purpose has not been reported.87–89

Flumazenil has been shown to antagonize GHB-
induced anxiolysis and growth hormone secretion
in animals but does not reverse CNS depression.90,91

Naloxone reverses behavioral, physiologic, and
biochemical effects of GHB in animals5,46–48,92, but
does not reverse CNS or respiratory depression in
humans.56,68,75,76,83,93

Physostigmine has been used as an analeptic
agent in GHB intoxication.93,94 While studies dem-
onstrate the safety and effectiveness of physostig-
mine as a reversal agent for GHB-induced anesthe-
sia,95,96 safety in the controlled setting of anesthesia
cannot be extrapolated to safety in the setting of
overdose. In GHB overdose there is a high inci-
dence of coingestants, including sympathomimet-
ics, that may lower seizure threshold and alter
cardiac conduction. The administration of physo-
stigmine to patients under these conditions may
precipitate seizures or cardiac arrhythmias, un-
wanted complications of its use. Furthermore, pa-
tients with severe effects from GHB overdose typ-
ically have favorable outcomes with supportive
therapy. Reversal of GHB-induced coma with phy-
sostigmine does not improve outcome or shorten
ED stays when compared with supportive care.93,94

Therefore, the use of physostigmine as a reversal
agent for GHB intoxication is not recommended at
this time.

A specific GHB antagonist, NCS-382, is used in
basic science research. However, to the best of our
knowledge, this agent has not been used in the clin-
ical setting.

PRODRUGS OF GHB
As the regulation of GHB has tightened, users have
turned to its prodrugs to circumvent the law. GBL
and 1,4-butanediol are congeners of GHB with le-
gitimate industrial uses that have now become
drugs of abuse.

Gamma-butyrolactone is a compound that, when
ingested, produces a clinical picture very similar to
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that of GHB.74,75,77,97–99 It is used widely as an in-
dustrial solvent and is marketed as a dietary sup-
plement under the names Blue Nitro, Firewater,
Renewtrient, and Revivarant, among many others.
The oral bioavailability of GBL in rats is 85%,
higher than that of GHB.31 There is no evidence that
GBL can bind the GHB receptor; its effects are seen
only after metabolism to GHB.100–102 This conver-
sion is catalyzed by a peripheral lactonase with a
half-time of less than 1 minute.100,101,103 In scientific
studies, GBL has a longer duration of action than
GHB, possibly due to differences in drug distribu-
tion.5,31,100,102 However, there is no evidence of a
longer duration of action of GBL in the setting of
illicit use.

1,4-Butanediol is an industrial solvent which is
sold on the street under many names, including
Pine Needle Extract, Pine Needle Oil, Thunder Nec-
tar and Serenity. Following ingestion, individuals
develop a clinical toxidrome similar to that of GHB
and GBL.73,75,104 Like GBL, 1,4-butanediol is unable
to bind the GHB receptor and must be metabolized
to GHB in order to exert its effects.105–107 This path-
way has not been clearly delineated but likely in-
volves an alcohol dehydrogenase in the liver and
an unknown pathway in the CNS.106,108 Ethanol may
delay the onset of toxic effects of 1,4-butanediol
through competitive inhibition of alcohol dehydro-
genase.107,109 Additionally, the combination of etha-
nol and 1,4-butanediol may increase mortality
above that seen with either agent alone.79

GHB WITHDRAWAL
As abuse of GHB and its prodrugs has increased,
there has emerged a withdrawal syndrome similar
to that seen with ethanol and sedative-hypnotic
drugs. Clinical characteristics of the syndrome in-
clude tremors, agitation, auditory and visual hal-
lucinations, tachycardia, and hypertension.82,110–124

Wernicke-Korsakoff syndrome has also been asso-
ciated with GHB withdrawal.111 As with abuse of
ethanol and benzodiazepines, the binge user does
not seem to be at risk for significant withdrawal
symptoms. Rather, long-term use of GHB or its con-
geners with round-the-clock dosing at short inter-
vals seems to be a prerequisite for development of
the withdrawal syndrome.82,110–124

Benzodiazepines are the mainstay of therapy, al-
though neuroleptics, beta-blockers, chloral hydrate,
and barbiturates have also been used.82,110,111,113–115,117–124

While withdrawal from GHB, GBL, or 1,4-bu-
tanediol is similar to withdrawal from ethanol and
sedative/hypnotics in its symptoms and treatment,
some significant differences exist. The GHB with-
drawal syndrome often requires extremely large

doses of benzodiazepines. Chin reports a case of
withdrawal requiring 1,138 mg of lorazepam over
4 days, and Craig et al. describe a case of severe
GHB withdrawal requiring 507 mg of lorazepam
over a period of 90 hours.113,122 Dyer et al. report
one patient requiring 129 mg of lorazepam during
the first day of withdrawal, with other patients re-
quiring between 9 and 20 mg per day.112 Onset of
withdrawal symptoms typically occurs within a
few hours after cessation of GHB or its pro-
drugs.112,114,115,118,120,123,124 Patients with signifi-
cant withdrawal symptoms may remain sympto-
matic and/or require treatment for 5 to 15
days.82,110–115,117,121–124 One death was reported in as-
sociation with GHB withdrawal, although at nec-
ropsy the exact cause was not clear.112

CONCLUSIONS
Gamma hydroxybutyric acid (GHB) and its conge-
ners, GBL and 1,4-butanediol, are popular drugs of
abuse at nightclubs and rave parties. Their primary
clinical effects are CNS and respiratory depression
which may constitute life threatening emergencies.
With supportive care, including intubation in some
cases, patients typically have a full recovery in six
hours or less. Abrupt cessation of these drugs may
lead to a withdrawal syndrome requiring large
quantities of benzodiazepines to control. Physicians
practicing in the acute care setting should be aware
of the GHB toxidrome and its withdrawal syn-
drome.
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