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Introduction
Chronic use of alcohol can lead to the onset of an alcohol use 
disorder (AUD), as defined in the latest version of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-V) (American 
Psychiatric Association, 2013). The prevalence of AUD ranges 
from 13% to 30% (about 20% of men and 10% of women) in 
most Western societies (Grant et  al., 2015; World Health 
Organization, 2014). Within the range of treatments for AUD, 
some conditions such as alcohol withdrawal syndrome (AWS) 
may occur. In fact, about 50% of persons with an AUD may have 
symptoms of AWS when they reduce or discontinue their alcohol 
consumption. According to the DSM-V criteria, AWS is defined 
as: (a) cessation or reduction in alcohol use that has been heavy 
and prolonged; (b) two (or more) of the following symptoms, 
developing within several hours to a few days after alcohol ces-
sation: autonomic hyperactivity, increased hand tremor, insom-
nia, nausea or vomiting, transient visual/auditory/tactile 
hallucinations or illusions, psychomotor agitation, anxiety, and 
generalized tonic-clonic seizures (American Psychiatric 
Association, 2013). Clinically, AWS follows a characteristic tem-
poral course (Heilig et  al., 2010). Namely, in the absence of 
comorbid conditions, other drug use or treatment, three distinct 
phases have been proposed: acute withdrawal, early abstinence 
and protracted abstinence. However, the last of these is not yet 
fully understood.

From the pathophysiologic point of view, chronic exposure to 
alcohol leads to significant modifications in the receptor systems 
present in the central nervous system (CNS). In particular, there 

is a reduction in the number, the functions and the sensitivity of 
the GABA-A receptor to gamma-aminobutyric acid (GABA) (the 
main inhibitory neurotransmitter present in the CNS) known as 
down-regulation, and an increase in the number, the sensitivity 
and the affinity of glutamate (the main excitatory neurotransmit-
ter present in the CNS) for the N-methyl-d-aspartate (NMDA) 
receptors known as up-regulation (Himmelsbach, 1941; Koob 
and Le Moal, 2006; Littleton, 1998; Tabakoff and Hoffman, 
2013). The abrupt reduction or suspension of alcohol intake in a 
subject with a severe AUD is receptorially characterized mainly 
by reduced GABA activity and increased glutamatergic activity 
with a hyperexcitability state that characterizes the main symp-
toms of AWS (Amato et al., 2011; Mayo-Smith, 1997). On the 
other hand, during the chronic use of alcohol, other neuro-
receptor systems may be involved. Consequently, during AWS 
these neuro-receptoral disruptions may emerge. Namely, 
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norepinephrine (NE) levels are higher during AWS, and decrease 
during recovery (Hawley et al., 1981). In addition, increased NE 
release in the brain may underlie anxiety associated with pro-
tracted withdrawal (Aston-Jones and Harris, 2004). Moreover, it 
has been shown that plasma noradrenaline (NA) levels are ele-
vated during the chronic use of alcohol (Patkar et  al., 2004), 
remain elevated during the first days of AWS, and then progres-
sively decrease and return to physiological levels (Patkar et al., 
2003). Serotonin (5-HT) is also reduced during AWS, and reduc-
tion of 5-HT seems to persist longer than NA (Patkar et al., 2003). 
It has also been demonstrated that the level of beta-endorphin is 
low during AWS, and is inversely correlated with anxiety (Kiefer 
et al., 2002). Therefore, high levels of NA during the first days of 
AWS may partially explain the onset of the adrenergic signs of 
AWS, and the increase of NE and the reduction of 5-HT and beta-
endorphin levels may contribute to the onset of anxiety, a com-
mon disturbance during the acute phase of AWS.

The three phases of AWS
The first phase of AWS, the acute withdrawal stage, reflects gen-
eralized CNS hyperexcitability and is dominated by tremors, 
hyperactivity, and a risk of delirium tremens and seizures. 
Seizures typically occur within the first 48 h following discontin-
ued consumption, with a peak around 24 h; the tremor follows a 
similar time course, while delirium tremens typically peaks 
around 72 h. After the first week, symptoms in the acute category 
are rarely encountered. During acute withdrawal, the treatment 
focus is to control and suppress generalized hyperexcitability, 
and to prevent the onset of seizures and delirium tremens (Mayo-
Smith, 1997; Victor and Adams, 1953).

The second phase is the early abstinence stage, an intermedi-
ate period that follows the acute phase during which anxiety, low 
mood and disturbed sleep may continue, but are expressed in the 
absence of acute physical symptoms. The increased anxiety 
resolves over 3–6 weeks after discontinued alcohol use (Schuckit 
and Hesselbrock, 1994), somewhat more slowly in women than 
in men (Bokström et al., 1991).

The third phase is the protracted abstinence stage. There has 
been no clear evidence of protracted alcohol withdrawal (PAW) 
syndrome due to a lack of studies (Darshani et al., 2019; Bonnet 
et al., 2009; Le Bon et al., 2003), therefore the concept of PAW 
has not been included in the DSM-V (American Psychiatric 
Association, 2013). However, the UCLA Dual Diagnosis 
Program showed that during the period following acute AWS 
almost 75% of alcohol addicted individuals experience symp-
toms of PAW (Semel and Semel, 2020). During PAW, increased 
anxiety and dysphoria are not necessarily detected by standard 
assessment methods, but patients continue to report them, and in 
this period even small, normally insignificant challenges may 
provoke negative effects, craving and relapse (Sinha and Li, 
2007; Sinha et al., 2011a, 2011b). Even though not yet clearly 
defined and fully investigated, PAW seems to be characterized 
by the presence of substance-specific signs and symptoms com-
mon to acute AWS, but persisting beyond the generally expected 
acute AWS time frames. Common PAW symptoms include anxi-
ety, hostility, irritability, depression, mood instability, fatigue, 
insomnia, difficulties concentrating and thinking, reduced inter-
est in sex, and unexplained physical complaints especially of 
pain. Despite clinical observation and patients’ reports of 

symptoms experienced past the acute withdrawal stage, the 
research on PAW is limited, and no consensus on the term or 
definition exists.

Symptoms of PAW
Anecdotal literature (Darshani et al., 2019; Le Bon et al., 2003) 
and case studies going back several decades suggest that signs 
and symptoms of PAW may last 2 years or longer after alcohol 
discontinuation. In particular, a review of seven sleep studies 
using polysomnograph recordings of the brain while people slept 
found evidence that sleep abnormalities can persist for 1 to 
3 years after stopping alcohol consumption (Angarita et al., 2016; 
Brower, 2001, 2015; Brower and Perron, 2010, Brower et  al. 
2011; Colrain et al., 2009). These abnormalities include difficulty 
falling asleep, decreased total sleep time, and sleep apnoea. 
Moreover, adaptive changes in the CNS may lead to affective and 
behavioural alterations that persist for many weeks or longer 
beyond acute withdrawal (Aston-Jones and Harris, 2004; 
Goldstein and Volkow, 2002; Koob, 2008; Koob and Le Moal, 
2001; Weiss et  al., 2001). Specifically, repeated use of a sub-
stance (i.e. ethanol) causes the brain to respond more readily to 
its effects but less readily to naturally rewarding activities such as 
listening to music, eating, sleeping, and so forth. This state, in 
which a person’s ability to experience pleasure is decreased, is 
called anhedonia, which is typically a symptom of PAW. In this 
regard, Pozzi and colleagues examined anhedonia in individuals 
who had been abstinent from alcohol, opioids, and/or other drugs 
for some time, and who had no other identified psychiatric disor-
ders, concluding that anhedonia appeared to be a symptom of 
PAW unrelated to other clinical and psychosocial features (Pozzi 
et  al., 2008). Martinotti and colleagues found that signs and 
symptoms, including anhedonia, lasted the duration of a year-
long study of people recovering from AUD (Martinotti et  al., 
2008). From the pathophysiological point of view, the neurologi-
cal basis of anhedonia may be explained by the disruption of the 
dopaminergic system. The dopamine (DA) D2 receptor is impli-
cated in reward mechanisms. It is well known that, under normal 
conditions, the DA reward site works to maintain a physiological 
condition; indeed, DA is known as the ‘pleasure molecule’. 
When a dysfunction in the brain reward cascade occurs, it causes 
a hypodopaminergic trait; this trait leads to multiple drug-seek-
ing behaviours of substances that may cause activation and neu-
ronal release of DA in the brain. Therefore, a lack of D2 receptors 
causes individuals to be at high risk of multiple addictive, impul-
sive and compulsive behaviours (i.e. alcoholism, gambling, 
cocaine and heroin addiction). In order to explain this breakdown 
of the reward cascade, Blum and co-workers named this hypodo-
paminergic trait: the ‘reward deficiency syndrome’ (Blum et al., 
2000). In addition, it has also been shown that the generalized 
hedonic deficit for natural rewards may reflect changed plasticity 
within the ventral tegmental area, amygdala and hypothalamus, 
and this hedonic deficit is thought to generate symptoms of PAW 
including anhedonia and depression (Aston-Jones and Harris, 
2004). These symptoms gradually emerge during the period of 
the complete abstinence from substances (i.e. alcohol), and may 
persist for a long time.

In addition, both preclinical and clinical evidence has indi-
cated that alcohol exerts acute anxiolytic effects, and its pro-
tracted exposure triggers a series of neuro-adaptive changes on 
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GABA and NMDA neurotransmitter systems, which persist for a 
long time during abstinence (Koob and Volkow, 2010). This 
long-lasting malfunctioning in association with the increase of 
NE and the reduction of 5-HT and beta-endorphin levels in the 
brain may predispose and promote anxiety (Aston-Jones and 
Harris, 2004; Hawley et  al., 1981; Kiefer et  al., 2002; Patkar 
et al., 2003), which is a symptom of PAW, and may also increase 
the risk of relapse (Aston-Jones and Harris, 2004; Heilig et al., 
2010; Sinha et al., 2011a, 2011b). Finally, craving may also be 
considered a symptom of PAW. Indeed, for many years craving 
was considered part of the spectrum of symptoms of AWS. 
However, in the last few years craving has been classified as an 
independent behavioural condition (Verheul et al., 1999), and its 
correlation with PAW has thus been progressively abandoned. 
So, a question may arise: taking into account the symptoms of 
PAW, is our current pharmacological approach for the treatment 
of AUD correct or does the starting time to use medications need 
revising? So far, it is not possible to answer this question even 
though, in our opinion, it needs to be rethought and revisited.

A new pharmacological view in the 
treatment of alcohol use disorder
Benzodiazepines (BDZs) remain the ‘gold standard’ for the 
pharmacological treatment of AWS since they are the only class 
of drugs with confirmed efficacy in preventing the development 
of AWS complications, with a reduction in the incidence of con-
vulsions (84%), delirium tremens and the associated risk of mor-
tality (Caputo et al., 2019; Carvalho et al., 2019; Mayo-Smith, 
1997; Mayo-Smith et  al., 2004). The efficacy of BDZs in the 
treatment of AWS appears to be mediated by stimulation of the 
GABA-A receptors, thus with alcohol-mimicking properties. 
Once AWS is resolved, the main objective of pharmacological 
treatment is the maintenance of alcohol abstinence. Due to their 
potential induction of tolerance and dependence (Tan et  al., 
2010), BDZs are no longer used for medium- or long-term ther-
apy; thus, other medications aimed at treating the symptoms of 
PAW have necessarily to be employed. Considering that PAW 
symptoms are mainly related to the neuro-adaptive changes of 
GABA and NMDA systems induced by the chronic use of alco-
hol, naltrexone and nalmefene, with their antagonist effect, and 
disulfiram, which blocks the aldehyde dehydrogenase enzyme 
during the process of ethanol metabolism, are not able to sup-
press the symptoms of PAW. These drugs are, however, gener-
ally prescribed immediately after the first 10–15 days of the 

detoxification period (Carvalho et al., 2019; Kranzler and Soyka, 
2018). A more specifically pharmacological therapy able to sup-
press PAW symptoms could perhaps be used earlier and may be 
more helpful in preventing the risk of alcohol relapse, which 
remains higher during the first months of treatment. In light of 
this, medications acting on GABA and NMDA neurotransmitter 
systems, severely dysregulated during chronic alcohol consump-
tion and AWS to counterbalance the up-regulation of the NMDA 
and the down-regulation of the GABA, could be employed in 
combination and started as soon as possible. Namely, if no con-
traindications exist, the pharmacological approach with antago-
nists of the NMDA system (i.e. acamprosate) in association with 
GABA agonists (i.e. gabapentin, sodium oxybate) could be 
started during the early abstinence or PAW phases, and contin-
ued in the following weeks and months (see Table 1). For exam-
ple, Mason and co-workers showed that gabapentin not only 
reduced alcohol intake but also improved symptoms of insom-
nia, dysphoria and craving, identified as the most frequent 
symptoms of PAW (Mason et al., 2009, 2014). Even though not 
aimed at suppressing symptoms of PAW, some reports of com-
bined treatments with a GABA agonist and an opioid antagonist 
(Anton et  al., 2011; Caputo et  al., 2007, 2016), or an opioid 
antagonist (i.e. naltrexone) and an NMDA antagonist (i.e. acam-
prosate) have been published (Anton et al., 2006; Mann et al., 
2013). However, studies using GABA in combination with an 
NMDA antagonist aimed at controlling symptoms of PAW have 
not yet been performed. Our personal data (not published) have 
shown a good safety profile using acamprosate and sodium oxy-
bate in combination, starting together in the initial phase of 
AWS. We recruited eight in-patients with moderate AWS, and 
administered oral sodium oxybate (50 mg/kg t.i.d.) for 1 month 
(Caputo et al., 2019; Skala et al., 2013) to treat the acute and 
early phases of AWS in association with acamprosate (666 mg 
t.i.d.) administered with the aim of achieving 12 months of treat-
ment for the prevention of relapses (Carvalho et  al., 2019; 
Kranzler and Soyka, 2018). No patient presented symptoms of 
craving for sodium oxybate, and no side effects due to the com-
bination of the two drugs were shown; six patients maintained 
complete abstinence from alcohol during the first 2 months of 
treatment. Sodium oxybate is a GABA agonist compound, 
approved in Italy and Austria since the early 1990s (Caputo and 
Bernardi, 2013) for the treatment of alcohol addiction, with pos-
itive results (Keating, 2014; Leone et  al., 2010; Skala et  al., 
2013). In particular, it has been shown to suppress symptoms of 
moderate AWS similar to diazepam (Addolorato et  al., 1999), 
clomethiazole (Nimmerrichter et  al., 2002) and oxazepam 

Table 1.  Hypothesis of a pharmacological approach for the treatment of early AWS and protracted alcohol withdrawal with label and off-label drugs 
after the conclusion of the first stage of detoxification (acute AWS). §Approved in Italy and Austria (Caputo et al., Int Emerg Med, 2019). ^When 
high doses of benzodiazepines are not able to control specific symptoms or complicated and severe AWS, beta-blockers or alpha-adrenergics to 
control hypertension and tachycardia, haloperidol for hallucinations, and anticonvulsants for seizures are suggested (Carvalho et al., Lancet, 2019). 
*Safety, efficacy and duration of the combined treatment need to be investigated in controlled clinical trials.

Stages of alcohol withdrawal 
syndrome (AWS)

Acute alcohol withdrawal Early abstinence,  
protracted alcohol withdrawal

Medications Bezodiazepines
(or sodium oxybate§)
plus (if indicated)
symptomatic drugs^

NMDA antagonist*
plus
GABA agonist*

Period of treatment 7–10 days To be defined*
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(Caputo et  al., 2014). In addition, sodium oxybate used as an 
anti-craving drug has demonstrated its efficacy in the mainte-
nance of alcohol abstinence in several studies (Keating, 2014; 
Leone et al., 2010; Skala et al., 2013). However, concerns about 
the chronic use of sodium oxybate remain due to the risk of 
developing a craving for and subsequent abuse of the drug 
(Keating, 2014; Leone et al., 2010; Skala et al., 2013). On the 
other hand, data from clinical trials and from pharmaco-vigi-
lance (Addolorato et al., 2019) have shown that cravings for and 
abuse of the drug are very limited phenomena (10–15% of 
patients), episodes of death attributable to this drug have not 
been documented, and only patients with specific characteristics 
(polydrug addicts, and patients with borderline personality or 
bipolar disorders) may be more predisposed to developing such 
a craving and abusing the drug (Addolorato et al., 2019; Caputo 
et al., 2009, 2011). In addition, even though performed in healthy 
controls, no additional sedative effects have been shown using 
sodium oxybate when used in combination with ethanol (Pross 
et al., 2015). Furthermore, this drug is also currently approved 
by the Food and Drug Administration for the treatment of narco-
leptic patients (Thorpy and Bogan, 2020).

Conclusion
After the treatment of the acute phase of AWS, it could be hypoth-
esised that using medications in order to control PAW (NMDA 
antagonists and GABA agonists) rather than to immediately 
reduce alcohol intake or to maintain complete abstinence may 
reduce the risk of relapses during the first months of treatment. In 
some cases, this may avoid wasting the opioid antagonists (i.e. 
naltrexone and nalmefene) and aversive drug (i.e. disulfiram) 
‘weapons’ in the early phase, giving physicians the possibility of 
using them (if needed, later) as replacements or supplements for 
the PAW medications when the symptoms of PAW have at least 
improved or been suppressed. In addition, since some PAW 
symptoms may overlap symptoms of a psychiatric disorder, 
which tend to emerge (if they existed prior to the start of alcohol 
addiction existed) in the period of abstinence from alcohol, a 
diagnosis of comorbid psychiatric disorder needs to be planned 
to attribute these kinds of symptoms to a psychiatric disorder or 
specifically to PAW, and consequently adapting a specific psy-
chiatric pharmacological therapy.

Thus, meta-analyses and clinical trials aiming to investigate 
and characterize the frequency of PAW and the efficacy of the 
combined treatment with GABA agonists and NMDA antago-
nists are warranted. This may lead to the recognition of a more 
appropriate and timed pharmacological treatment of AUD.
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