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Abstract The need to treat withdrawal syndromes is a com-
mon occurrence in outpatient, inpatient ward, and intensive
care unit (ICU) settings. A PubMed and Google Scholar
search using alpha2-adrenoreceptor agonist (A2AA), specific
A2AA agents, withdrawal syndrome and nicotine, and alcohol
and opioid withdrawal terms was performed. A2AA agents
appear to be able to modulate many of the signs and symptoms
of significant withdrawal syndromes but are also capable of
significant side effects, which can limit clinical use. Non-
opioid oral A2AA agent use for opioid withdrawal has been
well established. Pharmacologic combination therapy that
utilizes A2AA agents for withdrawal syndromes appears
promising but requires further formal testing to better define
which other agents, under what condition(s), and at what
A2AA doses are needed. The A2AA dexmedetomidine may
be useful as an adjunctive agent in treating severe alcohol
withdrawal syndromes in the ICU. In general, the current data
does not support the routine use of A2AA as the primary or
sole agent to treat ethanol/alcohol or nicotine withdrawal
syndromes. Specific A2A A agents such as lofexidine has been
shown to have a primary role in non-opioid-based treatment of
opioid withdrawal syndrome and dexmedetomidine in com-
bination with benzodiazepines has been shown to have poten-
tial in the treatment of severe ICU-based alcohol withdrawal
syndrome.
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Introduction

The use of alpha2-adrenoceptor agonists (A2AA) is extensive
in human and veterinary medicine. Xylazine and the imidaz-
ole compound dexmedetomidine are both A2AA agents that
have been widely used for many years to induce analgesia and
sedation in animals and humans respectively [1]. Other A2AA
agents are approved in the United States of America (USA) by
the Food and Drug Administration (FDA) for both the treat-
ment of hypertension and attention deficit hyperactivity dis-
order (clonidine an imidazole derivative and guanfacine) and
for the treatment of muscle spasticity (tizanidine) [2]. The
combination alphal-adrenoceptor agonist and A2AA,
oxymetazoline is approved as an over-the-counter nasal sinus
decongestant spray by the FDA. The only drug approved for a
withdrawal syndrome is the A2AA agent lofexidine, an
imidazoline derivative, which is approved in the United King-
dom (UK) for opioid withdrawal. Figure 1 provides the chem-
ical structures of five clinically used A2AA agents.
Adrenergic receptors were originally divided into alpha-
and beta-receptors based on the physiological response to
various catecholamines. The stimulation of these receptors
produces excitatory and inhibitory effects depending on the
tissues studied [3]. Adrenergic receptors are divided into nine
subtypes each encoded by separate genes with three beta-
adrenergic receptor subtypes [3]. The alpha-adrenoceptors
have further been divided into alphal and alpha2 subclasses
and these also each have three different subtypes defined [1].
The alpha2-adrenoceptors (A2A) are mediated through the
guanine-nucleotide regulatory binding proteins (G proteins).
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Fig. 1 Chemical structures of commonly used alpha2-adrenoceptor ag-
onists in human and veterinary medicine

Specifically, the A2A subtypes are a specific G protein (G-
alpha-;-coupled)-mediated receptor and have an inhibitory
autoreceptor effect on noradrenergic neurons both presynap-
tically and postsynaptically in the brain, brain stem, spinal
cord, and peripheral nervous system [3]. Many of the A2AA
agents used clinically are imidazole derivatives (clonidine,
dexmedetomidine, and lofexidine) and also stimulate I;-
imidazoline receptors in the brain and brain stem generating
a “sympathoinhibitory” therapeutic response [4, 5].

These complicated cellular and receptor interactions of
A2AA agents result in sympatholytic properties including
reduced blood pressure, bradycardia, drowsiness, sedation,
fatigue, dry mouth, dry mucous membranes, hyperglycemia,
and analgesia. Using a warm-water tail-withdrawal assay in
rhesus monkeys, Butelman and Woods demonstrated an anal-
gesic dose-response effect for clonidine, xylazine, and
dexmedetomidine that could be reversed by the alpha2-
antagonist idazoxan [6]. In addition to the antinociceptive
effect, these agents also demonstrated dose-dependent seda-
tion, muscle relaxation, bradycardia, and moderate respiratory
depression. Dexmedetomidine is now widely used in adults
and children undergoing surgical procedures, perioperatively
and postoperatively to provide sedation, anxiolytic and anal-
gesic effects, and to reduce perioperative cardiovascular com-
plications [7—13]. Dexmedetomidine is also approved by the
FDA for up to 24 h of use in the intensive care unit (ICU) for
sedation in mechanically ventilated patients. It has, however,
been used longer than 24 h in the ICU for both adults and
children and it is thought that its use could reduce ICU stay
and time to extubation in critically ill patients [ 14—18]. Emerg-
ing evidence suggests that the use of dexmedetomidine may
treat and prevent ICU-associated delirium [19].
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Dexmedetomidine is not currently FDA approved for ICU
procedures or prolonged sedation but several trials have re-
ported its effectiveness in adults and children in both situa-
tions [20-23].

To date, the A2AA class of medication has had little
diversion and human abuse linked to it. One exception is the
A2AA agent xylazine used only in veterinary anesthesia for
sedation and analgesia. With significant diversion, xylazine
has emerged as a human drug of abuse particularly in Puerto
Rico in recent years [24, 25].

In addition to the many uses of A2AA agents outlined
above, this class of medications has been shown to have some
efficacy in modifying withdrawal syndromes. The emerging
body of literature on the use of A2AA agents as modulators
and adjunctive therapy for withdrawal syndromes associated
with ethanol, nicotine, and opioids exists and will be
reviewed.

Search Methods

An advanced PubMed search was performed in May—June
2014. The scope of the PubMed search was English only
papers between 1985 and June 2014. Keywords searched
included alpha2-adrenoceptor agonists and withdrawal syn-
dromes. In addition, specific A2AA agents and specific with-
drawal syndromes (alcohol, nicotine, and opioid) were
searched. The specific A2AA agents (clonidine,
dexmedetomidine, tizanidine, lofexidine, and guanfacine)
were searched with the term “withdrawal syndrome” and the
specific withdrawal syndromes. Similar searches were done
using Google Scholar. The Google Scholar search was per-
formed in June 2014 and was English only papers and did not
go beyond 1985. The references of each paper were reviewed
for any additional relevant publications not found on the
multiple searches. Priority was given in order to meta-
analysis and systemic reviews, randomized control trials, case
series, and case reports.

Ethanol Withdrawal

Ethanol or alcohol withdrawal syndrome (AWS) is a major
medical problem frequently faced by physicians practicing in
the outpatient, inpatient, and ICU settings [26—28]. The high
frequency of this syndrome in clinical practice is related to the
7 to 16 % prevalence of adult alcohol dependence and/or
abuse seen in the USA [29]. A study of a general hospital in
Australia found 8 % of the adult patient population was at risk
for AWS and an incidence of AWS of 31 % was reported in
trauma patients [30]. Newer approaches are warranted when
current protocol-driven pharmacotherapy is not adequately
controlling the withdrawal physiology.
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Benzodiazepines have become the cornerstone in the treat-
ment of AWS in both the outpatient and inpatient settings
[26-28, 31]. Other agents used primarily as adjunctive phar-
macotherapies include phenobarbital, propofol, gamma-
hydroxybutyric acid (GHB), carbamazepine, and valproic
acid. The butyrophenone haloperidol, the atypical antipsy-
chotic agents risperidone and quetiapine, and the beta-
adrenoceptor antagonists atenolol and propranolol have been
used as adjunctive therapy to the predominant gamma-butyric
acid (GABA)-mediated agents such as the benzodiazepines
and phenobarbital [26, 28, 31].

Clonidine and AWS

Several A2AA agents have been used as adjunctive agents in
the treatment of AWS [26-28, 31]. With chronic alcohol use,
there is a widespread alteration of central and peripheral
nervous system noradrenergic signaling. In withdrawal states,
there is excessive and elevated noradrenergic signaling which
explains why A2AA agents are logical adjunctive agents [32].
The use of A2AA agents reduces the autonomic symptoms of
AWS including tachycardia, tremor, sweating, and hyperten-
sion but have not specifically been shown to prevent delirium
tremens or seizures [33].

Although previous reviews on the treatment of AWS in
both inpatient and outpatient clinical settings have included
A2AA as adjunctive agents, limited prospective data exists to
guide the clinician in their appropriate use [28, 31, 34]. Sev-
eral small studies have evaluated the use of A2AA agents in
the prevention of AWS. A study of 44 alcoholics admitted
without AWS were randomized to either clonidine or placebo.
Nine percent of the clonidine-treated group and 50 % of the
placebo-treated group developed AWS during hospitalization
[35]. Another study of 24 patients with a history of alcohol
abuse admitted for abdominal-thoracic esophageal cancer re-
section evaluated the use of clonidine in AWS. Patients were
treated postoperatively with either intravenous (i.v.) clonidine
or nothing. A significant (P<0.05) favorable increase in the
nutritional marker of a calculated six-day nitrogen balance
was found in the clonidine-treated patients compared to con-
trols [36]. In a larger and more complex study of 197 cancer
surgery patients with concomitant alcohol dependence were
randomized in the ICU to i.v. administration of flunitrazepam/
clonidine, chlormethiazole/haloperidol, flunitrazepam/halo-
peridol, or ethanol [37]. No difference was seen in the length
of ICU stay, organ failure scores, incidence, or severity of
AWS or major complications between the four groups.
Tracheobronchitis was significantly higher (P=0.0023) in
the chlormethiazole- and haloperidol-treated group [37]. The
exact role of clonidine, if any, in the prevention of AWS in at-
risk patients is unclear from these limited data.

Case reports have suggested successful treatment of AWS
using A2AA agents [38, 39]. Small-randomized trials using
clonidine versus chlormethiazole, chlordiazepoxide, diazepam,
alprazolam, or placebo demonstrated that clonidine is as effec-
tive in reducing elevated heart rates and blood pressures asso-
ciated with AWS as other agents. However, other studies found
clonidine to be less effective in controlling some behavioral
symptoms of withdrawal such as anxiety scores [40—45].

A study of 50 hospitalized men in moderate to severe AWS
randomized the patients to receive either transdermal cloni-
dine or chlordiazepoxide. The clonidine-treated patients had
better control of heart rates and blood pressures and reported
less anxiety, diarrhea, dizziness, headache, and fatigue than
those treated with chlordiazepoxide. The chlordiazepoxide
treated patients reported less nausea and vomiting than those
treated with clonidine [42].

Clonidine has been included in several combination thera-
py studies in the treatment of AWS. In one study, a total of 180
patients with AWS were randomized to three treatment regi-
mens including flunitrazepam/clonidine, chlormethiazole/
haloperidol, or flunitrazepam/haloperidol [46]. The ICU
length of stay was not significantly different between the
treatment groups. An increased frequency of pneumonia
(P=0.04) and time on mechanical ventilation (P=0.03) was
seen in the chlormethiazole/haloperidol group. An increase
(P=0.005) in cardiac complications and a 7 % failure to
control hallucinations was reported in the flunitrazepam/
clonidine group despite the reduced incidence of pneumonia
and reduced time on mechanical ventilation [46]. A compli-
cated protocol using lorazepam, haloperidol, and clonidine
was studied in 26 consecutive postoperative head and neck
cancer patients. This prospective study compared the
protocol-treated patients to retrospective cohort controls
[47]. Use of an AWS symptom-triggered protocol that includ-
ed clonidine resulted in decreased delirium, violence, and
AWS-related transfers compared to historical controls. Anoth-
er prospective randomized trial of 42 patients with AWS
compared GHB to flunitrazepam, but both groups received
as needed clonidine and haloperidol [48]. The GHB-treated
group required less clonidine but more haloperidol than did
the flunitrazepam-treated group. An additional trial random-
ized 44 ICU patients diagnosed with AWS and compared
continuous infusion of flunitrazepam for agitation, intrave-
nous clonidine for sympathetic hyperactivity and intravenous
haloperidol for “psychotic symptoms” to the same medica-
tions given as bolus therapy [49]. A formal alcohol withdraw-
al assessment tool was used to guide medication needs. The
continuous infusion approach resulted in higher amounts of
flunitrazepam, clonidine and haloperidol given and longer
ICU stays (median difference 6 days) due to a higher inci-
dence of pneumonia (43 versus 26 %) compared to the bolus
approach [49]. These studies describe an important potential
adjunctive role for clonidine in the treatment of AWS.
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Dexmedetomidine and AWS

Before dexmedetomidine was FDA approved, it was shown to
alleviate AWS in a rat model of alcohol withdrawal [50].
Several case reports and case series have suggested that
dexmedetomidine has promise as a potentially safe and effec-
tive adjuvant treatment for AWS in the ICU [51]. In a retro-
spective case series, 10 patients in the ICU with AWS received
dexmedetomidine with benzodiazepines. The authors sug-
gested the addition of dexmedetomidine was safe and blunted
autonomic hyperactivity [52]. A retrospective case series of 33
critically ill adult ICU patients with AWS were given a mean
dexmedetomidine dose of 0.7 pug/kg/h (range 0.4—0.7) to
achieve the desired level of sedation in addition to benzodi-
azepines [53]. In 12 h after dexmedetomidine was started, the
benzodiazepine requirements significantly decreased
(P<0.001) and both blood pressure (P=0.03) and heart rate
(P<0.001) decreased. Hypotension was seen in four (12 %) of
patients. Another series of 18 ICU patients with AWS and
delirium had dexmedetomidine added to a benzodiazepine-
based sedation regimen. The dexmedetomidine-treated group
averaged 23.9 h in treatment duration with a maximum infu-
sion dose of 1.5 (x1.2 standard deviation)ug/kg/h. Alcohol
withdrawal symptom control was obtained and none of these
patients required intubation. No adverse events were reported
in this series and the authors considered the use of
dexmedetomidine to be safe in this patient population [54].
A retrospective analysis of 17 patients treated with benzodi-
azepines used dexmedetomidine as an adjunctive treatment
for severe AWS in the ICU found a 61.5 % reduction
(P<0.001) in benzodiazepine dosing [55]. Significant reduc-
tions of alcohol severity scores (P=0.015) were reported after
starting dexmedetomidine along with less tachycardia and
hypertension. One patient developed a 9 s systolic pause
resulting in discontinuation of the drug. Fifty chronic alcohol-
ic patients undergoing endoscopic retrograde
cholangiopancreatography (ERCP) were randomized to a con-
stant infusion of dexmedetomidine (1 pg/kg/h loading follow-
ed by 0.7 ug/kg/h) or saline placebo followed by patient-
controlled propofol/alfentanil as rescue medications [56].
There was a significant (P<0.028 and P<0.008) reduction
in propofol and alfentanil used in the dexmedetomidine group.
However, successful sedation was only achieved in 76 % of
the patients treated with dexmedetomidine versus all of those
treated with placebo (P=0.022). The combination therapy of
dexmedetomidine and propofol/alfentanil caused mental con-
fusion in 25 % of the patients, which limited their ability to
interact with the patient-controlled delivery of propofol/
alfentanil. In addition, the dexmedetomidine-treated group
had delayed recovery. Although these patients were at risk
for but not in AWS, it does point to potential limitations for the
use of dexmedetomidine, suggesting that its may be indicated
only for a select group of severe AWS patients. In the only
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prospective randomized, double-blind, placebo-controlled tri-
al, 24 adult ICU patients with AWS were randomized to
dexmedetomidine 1.2 pg/kg/h (high dose), dexmedetomidine
0.4 pg/kg/h (low dose) or placebo as adjunctive therapy to
lorazepam for up to 5 days [57]. Reduction in 24-h lorazepam
requirements was seen with the addition of dexmedetomidine
comparing before versus after doses to those required in the
placebo group. A reduction of 56 mg of lorazepam in the high
dose dexmedetomidine treatment group and 8 mg of loraze-
pam in the low dose dexmedetomidine treatment group was
reported for the first 24 h (P=0.037). There was no statistical
difference in the 7 days total lorazepam dose, and sedation—
agitation scale scores were similar for dexmedetomidine and
placebo treatment groups. Bradycardia was more frequent
with dexmedetomidine treatment, particularly in the high dose
group. The investigators concluded that the use of adjunctive
dexmedetomidine in AWS reduces short-term (but not long-
term) benzodiazepine requirements but at the cost of the need
for close cardiac monitoring because of the incidence of
bradycardia [57]. These authors, and others, have stressed
the need for further well-controlled, prospective trials to
define the role of dexmedetomidine in the treatment of AWS
[51, 57, 58].

Other A2AA Agents and AWS

Other A2AA agents have been considered for the treatment of
AWS. The imidazoline derivative, tizanidine, which is ap-
proved for muscle spasm in the USA by the FDA, has been
proposed as an agent for treatment of AWS, but has not been
formally tested [59]. The A2AA imidazole derivative,
lofexidine, is approved in the UK for opioid withdrawal
syndrome (OWS). A small open-label trial evaluated 28 pa-
tients admitted to hospitals with AWS and who were treated
with lofexidine [60]. Treatment resulted in improvement in the
alcohol withdrawal rating scales, heart rates, and blood pres-
sures during the 7-day study period. A randomized controlled
trial of lofexidine compared to placebo in 63 males hospital-
ized with AWS showed an improvement in clinical withdraw-
al scores in the lofexidine-treated group [61]. More placebo-
treated patients failed because of intolerable withdrawal
symptoms than those treated with lofexidine (6 versus 1)
and had to be treated with benzodiazepines [61]. However,
in a more recent study, 72 patients admitted for alcohol de-
toxification were prospectively randomized to either
lofexidine or placebo tablets in addition to the standard chlor-
diazepoxide regimen [62]. The lofexidine-treated group had
worse clinical withdrawal scores (P<0.05), greater problems
with hypotension, more adverse effects, and no greater com-
pletion to end of trial. The authors felt that lofexidine added
“no discernible benefit” as an adjunctive medication to chlor-
diazepoxide in the treatment of AWS [62].
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Recommendation Regarding A2AA Agents and AWS

Although more comparative randomized outcome-based data
are clearly needed, a recent review of the use of A2AA agents
in the treatment of AWS has concluded that both clonidine and
dexmedetomidine can play an important adjunctive role to
benzodiazepines [63]. Table 1 summarizes the important clin-
ical trials of A2AA agents and AWS. A reduction of the total
dose of what is often very high dose of benzodiazepine
therapy in the treatment of AWS is thought to reduce the
potential for prolonged delirium and sedation seen in these
patients. The high cost of the A2AA agent dexmedetomidine
compared to benzodiazepines is another consideration but will
likely be mediated by the drug soon becoming generic. The
need for cardiac monitoring of patients treated with parenteral
or high-dose oral A2AA agents will limit their use to severe
AWS patients who are in monitored beds. The development of
protocols to better define and standardize the exact clinical
settings and dose ranges used in AWS for both clonidine and
dexmedetomidine is needed and will likely require more
detailed clinical research.

Opioid Withdrawal

Chronic use of high-dose opioids leads to tolerance of their
effects including reduced analgesic, sedative, and respiratory
depression effects [64]. Neurons in the brain stem that stimulate
wakefulness, respiration, blood pressure, and general alertness
are modulated by chronic opioid exposure. Many of these
neurons are noradrenergic and have a high density of presyn-
aptic mu-opioid receptors [64]. When these mu-opioid recep-
tors are stimulated by large amounts of opioid agonists, the
neurons suppress their normal release of noradrenaline leading
to drowsiness, decreased respiratory drive, and lowered blood
pressure, which can be dramatic in opioid overdoses. Sudden
removal of the opioid-induced inhibition on these cells can
result in excessive release of noradrenaline eliciting jitters,
anxiety, increased respirations and blood pressure, muscle
cramps, and diarrhea. Other withdrawal symptoms include
increase in pain sensation, irritability, insomnia, skin
piloerection, and an influenza-like syndrome characterized by
rhinorrhea, lacrimation, and myalgias caused by removal of
opioids from other areas of the brain [65]. This constellation
of signs and symptoms with the abrupt removal of opioids in a
tolerant person is the opioid withdrawal syndrome (OWS).

Clonidine and OWS
As early as the 1970s, investigators studied the A2AA agent

clonidine in the treatment of OWS. A small, double-blind,
placebo-controlled, cross-over trial in 11 opioid addicted

patients demonstrated the elimination of the objective signs
and subjective symptoms of OWS during a 240-360-min inter-
val after clonidine [66]. A 6 days, double-blind, randomized trial
of 127 patients treated with low doses of the opioid antagonist
naltrexone (0.125 or 0.25 mg/day) and clonidine (0.1-0.2 mg
every 6 h) coupled with a methadone taper was compared to
each medication individually or placebo coupled with a metha-
done taper demonstrated low-dose naltrexone was more effec-
tive than placebo or clonidine [67]. However, the combination
of naltrexone with clonidine was the most effective treatment
and was not associated with adverse events compared to the
other treatments. Clonidine has been reported to reduce OWS
symptoms in special populations such as neonates and cancer
patients either alone or in combination with an opioid [68, 69].
Clonidine patches were used in 10 pediatric patients undergoing
laryngotracheal surgery as prophylaxis against narcotic and
sedative withdrawal with good results [70]. Other trials have
compared clonidine to opioid-based therapy including meperi-
dine, buprenorphine, and the enkephalinase inhibitor acetorphan
or baclofen in the treatment of OWS [71-74]. Together, these
studies point to clonidine markedly reducing, but not eliminat-
ing, all the signs and symptoms of OWS. The resulting pattern
of opioid withdrawal signs and symptoms is different with less
sympathomimetic symptoms in patients treated with A2AA
agents than those seen with opioid-based approaches [75].

Lofexidine and OWS

The use of the A2A A agent lofexidine has been studied since
the early 1980s and has been advocated in the treatment of
OWS [76-78]. Randomized, double-blind, placebo-
controlled trials have confirmed that lofexidine is well toler-
ated and more efficacious than placebo [79]. Similarly, when
lofexidine was compared to methadone, favorable results have
been reported with the number of days to detoxification
[10.2 days for lofexidine + naloxone, 6.7 days for lofexidine
+ placebo, and 3.9 days for methadone (P<0.001)] [80]. In a
prison-based randomized, double-blind trial comparing
lofexidine to decreasing doses of methadone, no statistical
difference between treatment groups was seen in severity of
withdrawal symptoms, blood pressure, or heart rate [81].
Several reviews have suggested that Chinese and Indian
herbal medicines may play a role in the treatment of OWS [82,
83]. No differences in OWS symptoms and anxiety scores
were reported when lofexidine was compared to the traditional
Chinese medicine of Jinniu capsules containing herbs and
marine product extracts in heroin-addicted patients [82, 84].
Several studies have compared lofexidine to clonidine in the
treatment of OWS [85-87]. Two randomized, double-blind
trials reported that lofexidine was equally effective as cloni-
dine in modulating the symptoms of OWS but lofexidine had
fewer hypotensive episodes [85]. In a third trial, eight healthy
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Table 1 Major clinical trials evaluating A2AA agents in AWS

Trial Design Number of Drugs/doses Outcomes
patients
Cushman 1985 [134] R N=63 Oral P vs L/0.4 mg/q6h =8 doses L > P in symptom control
Brunning 1986 [60] OL N=28 Oral L/0.4-2/4 mg/day Control of AWS symptom
Keany 2001 [62] R,DB N=72 Oral CDP + P vs L/1.2 mg twice/day L > symptoms and more hypotension and adverse events.
No advantage
Mertes 1996 [36] OL N=24 IV P vs C/0.3-5.8 mg/day C > P in nitrogen balance
Adinoff 1994 [40] R,DB N=25 Oral P vs A vs DZP vs C/0.1 mg/day C better BP but less symptom control
Baumgartner 1987 [41] R,DB N=47 Oral CDP vs C/0.2-0.4 mg/day C > CDP in symptom control with lower BP
Manhem 1985 [43] R N=40 Oral CBZ + CMZ vs P vs C =CMZ in BP, P, and symptom contro
C/0.003-06 mg/q6h
Spies 1995 [37] R N=147 IVCMZ+HvsF+HvsEvsF+ No difference in groups except > tracheobronchitis in
C/0.07-3.39 pg/kg/h F + H group (P=0.0023)
Spies 2003 [49] R N=44 IV F +H + C/bolus 0.15-0.3 mg Bolus decr symptoms, time on ventilator, and incidence
vs infusion 0.5-2.0 pg/kg/h of pneumonia
Spies 1996 [46] R,DB N=159 IVCMZ+HvsF+HvsF+ F + C decr time on ventilator and incidence of pneumonia
C/0.5-4.0 ug/kg/h but higher cardiac complications
Tolonen 2013 [54] OL N=18 IV D/1.5 (£1.2) pg/kg/h LOS ICU 7.1 (+2.7)days and 3.8 (+1.3)days to resolve
symptoms. No adverse events
DeMuro 2012 [52] OL N=10 IV LOR as needed + D/0.2-1.2 pg/kg/h 6161 h infusion of D. NS reduction P and BP. Safe
with benzodiazepines
Frazee 2014 [53] OL N=33 IV as needed benzodiazepine + Median 11 h infusion with 12 % hypotension and no
D/0.7 (95 % CI, 0.4-0.7) ug/kg/h bradycardia. Significant (P<0.001) reduction in
benzodiazepine use before vs after D
Rayner 2012 [55] OL N=20 IV as needed benzodiazepine + A 61.5 % reduction in benzodiazepine use before vs
D/0.53 (95 % CI, 0.44-0.62) pg/kg/h after D. Improved cardiovascular profile. One
patient had 2-9 s asystolic pauses
Mueller 2013 [57] R,DB N=24 IVLOR + P vs LOR + D/0.4 ug/kg/h D reduced short-term LOR use but not long-term use. NS

vs LOR + D/1.2 pug/kg/h increase in lower D dose. Maintained symptom control

[T9R1}

Design: Retro Retrospective, R randomized, DB double-blind, OL open label. Drug/doses: [V intravenous, 4 hour, d day, gnh every “n” hours, P placebo,
E ethanol, F flunitrazepam, C clonidine, L lofexidine, DZP diazepam, LOR lorazepam, D dexmedetomidine, A haloperidol, CBZ carbamazepine, CMZ
Chlormethiazole, CDP chlordiazepoxide, 4 alprazolam, CI confidence interval, Outcomes: P pulse, BP blood pressure, LOS length of stay, /CU

intensive care unit, decr decreased, NS not significant

adult volunteers were stabilized on methadone, then random-
ized and pretreated with various doses of clonidine (0.1 and
0.2 mg orally), lofexidine (0.4, 0.8, and 1.6 mg orally) or
placebo. Each was then challenged with one of three doses
of naloxone intramuscularly (0, 0.1, and 0.3 mg) [87]. Both
lofexidine and clonidine significantly reduced heart rate in-
creases (P<0.001 and P=0.013, respectively) seen after nal-
oxone challenge. Similar reductions were seen in blood pres-
sure after naloxone challenge after pretreatment with both
lofexidine and clonidine, but neither consistently suppressed
the subjective discomfort of naloxone-induced OWS [87].
These data and others have resulted in the approved use of
lofexidine in the UK for OWS.

Other A2AA Agents and OWS

Other A2AA agents have also been tested in the treatment of
OWS. A 12-day inpatient, randomized, controlled trial using
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clonidine, guanfacine, or decreasing doses of methadone in
rapid detoxification of 90 heroin addicts reported a lower
(P<0.01) number of withdrawal signs and symptoms during
days 2 to 5 in the methadone group but the A2AA agents
controlled the signs and symptoms better by the end of the trial
[88]. The use of the A2AA agents was associated with more
hypotensive episodes than seen in the methadone group. A
randomized, double-blind study evaluating clonidine or
guanfacine in OWS in opioid addicts found both drugs con-
trolled the abstinence syndrome. A higher degree (P<0.01) of
restlessness was seen in the clonidine-treated group than the
guanfacine-treated group, but there was no difference between
groups for most of the OWS parameters including heart rate
and blood pressure [89].

The A2AA agent tizanidine has been shown to reduce
naloxone-induced OWS manifestations in rats tolerant to
morphine [90, 91]. A small outpatient trial of 26 heroin-
dependent patients evaluated tizanidine compared to control
treatment. Tizanidine treatment decreased the intensity of the
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OWS symptoms [92]. In a non-randomized trial, tizanidine
was added to dextromethorphan in a combination therapy
approach that was reported to improve clinical outcomes
[93]. Large, randomized, controlled trials of the potential
utility of tizanidine and guanfacine are needed to confirm their
efficacy in the treatment of the OWS.

Dexmedetomidine and OWS

More recent literature has explored the potential utility of
dexmedetomidine in the treatment of acute OWS. Mice ad-
ministered with chronic dexmedetomidine did not develop
hyperalgesia after its cessation [94]. Similarly,
dexmedetomidine decreased the OWS and hyperalgesic ef-
fects after opioid withdrawal in morphine-tolerant rats [95].
Case reports and case series have noted a potential role for the
A2AA agent dexmedetomidine in OWS in infants, pediatric,
and adult patients [96-103]. In a study of 60 male patients
addicted to opioids who underwent general anesthesia with
propofol, half the patients were treated with dexmedetomidine
during general anesthesia and during the first 6 days after
recovery from anesthesia. The control group had no additional
therapy during general anesthesia and was treated after recov-
ery from anesthesia with oral lofexidine three times daily
[104]. The dexmedetomidine group had lower average heart
rate and blood pressure increases than did the control group
during anesthesia and had lower OWS scores during the first
4 days after general anesthesia than did the lofexidine-treated
control group. A case series of 11 patients hospitalized for
opioid-induced hyperalgesia were treated in the ICU with
dexmedetomidine infusions and underwent 50—100 % reduc-
tions in scheduled opioids but had rescue opioids available
[105]. Using this therapy, 64 % of patients had a significant
reduction in their baseline opioid doses at the time of dis-
charge. Further randomized trials have been called for to better
define the potential role of, and approaches for, the use of
dexmedetomidine in the ICU use in modulating OWS [91].
A systematic review and meta-analysis of A2AA agents for
the acute management of opioid withdrawal concluded that
A2AA agents were more effective than placebo in treating
OWS with a relative risk (RR) of 0.32 and 95 % confidence
intervals (CI) of 0.18 to 0.57 [106]. The use of A2AA agents
was somewhat less effective in modifying OWS symptoms
than the use of reducing doses of methadone. Duration of
treatment was significantly longer with reducing doses of
methadone compared to A2AA agents but hypotension or
other adverse effects were more common with A2AA agents
(RR 1.92,95 % CI 1.19-3.10) [106]. The authors did not feel
that enough data exist on A2AA agents in the treatment of
iatrogenic opioid abstinence syndrome in the ICU to draw
conclusions. They found only case reports and small case
series that limited their conclusions. In another review of 10

studies comparing A2AA agents to decreasing doses of meth-
adone, Gowing concluded that methadone may be preferable
to A2AA agents in outpatient OWS regimes where the risk of
relapse is high [107]. On the inpatient side, the use of A2AA
agents can help with rapid withdrawal and earlier symptom
resolution than with decreasing methadone approaches. Clo-
nidine and lofexidine were thought to be equally effective for
inpatient treatment of OWS but lofexidine appears to have a
lower incidence of hypotension than clonidine [107]. While
admitting that only limited data exists, Honey et al. [108]
concluded that preliminary evidence supports the use of trans-
dermal clonidine and injectable dexmedetomidine in the treat-
ment of OWS symptoms. Further studies using A2AA agents
in patients undergoing OWS in the ICU were called for by
these authors [108].

Recommendations Regarding A2AA Agents and OWS

Table 2 offers a summary of the major clinical trials of A2AA
agents and OWS. Although more randomized placebo-
controlled studies are needed, it appears that A2AA agents
can mitigate the OWS in patients where the use of tapering
opioid therapy is not indicated or desired. Lofexidine appears
to have more efficacy data and perhaps to be safer than
clonidine in inpatient and outpatient OWS treatment and
detoxification. Dexmedetomidine is appealing for use of
OWS in the ICU but also needs further studies to define its
utility and limitations.

Nicotine Withdrawal Syndrome

Nicotine dependence is a common clinical condition seen in
the outpatient and inpatient settings. As many as 70 % of the
estimated 45 million Americans who smoke tobacco would
like to quit [109]. Nicotinic cholinergic receptors are involved
in the rewards, tolerance, and withdrawal syndrome associat-
ed with nicotine use and addiction. In addition to nicotinic
cholinergic receptors, GABA-mediated, dopaminergic, norad-
renergic, glutamatergic, and alpha2-adrenergic receptors have
been implicated in the mechanism of nicotine rewards, toler-
ance, dependence, and the nicotine withdrawal syndrome
(NWS) [32, 109—113]. One of the major components of failure
in attempting to quit cigarette smoking is the negative effect of
the NWS.

Symptoms of NWS include anxiety, restlessness, depressed
mood, irritability, anhedonia, and agitation [34, 109, 114].
Other symptoms reported to be seen with the NWS include
anger, difficulty concentrating, impatience, insomnia, restless-
ness, constipation, cough, dizziness, increase in dreaming, and
mouth ulcers [115]. Symptoms of NWS peak within the first
week and can last for 2-4 weeks [115]. In the ICU, NWS is
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Table 2 Major clinical trials evaluating A2AA agents in OWS

Trial Design Number of Drugs/Doses Outcomes
patients
Gold 1978 [66] R,DB N=11 Oral P vs C/5 pg/kgx2 doses C > P in symptom control
Gold 1980 [135] DB N=10 Oral P vs C/6 pg/kg day 1 then C safe and well tolerated C > P in symptom control
17 ug/kg/day =9 days
Charney 1981 [136] R,DB N=25 Oral P vs C/5-25 ng/kg/day Reduced BP and improved most but did not
control all symptoms
Jasinski 1985 [137] R,DB N=10 IV P + oral P (x2) vs IV MS/3 mg + oral P (x2) C more effective than MS in BP and P control
vs IV MS/6 mg vs oral C/0.2 mg + oral P (x2) but MS more effective in symptom control
vs oral C/0.4 mg + oral P (x2) all 3x day
Ziaaddini 2012 [72] R, DB N=35 Oral BUP+P vs oral P+C/0.4-0.8 mg/day x5 days Both treatments significantly (P<0.001) reduced
signs, symptoms, and opioid craving seen with
withdrawal without differences between groups
Mannelli 2012 [67] R,DB N=127 All subjects received M/30 mg/day NTX more effective than P or C alone reducing
tapering over 5 days and oral signs and symptoms. Combination of NTX + C
NTX/0.125-0.25 mg/day+C/0.1-0.2 mg/q6h improved craving, signs and symptoms control.
vs oral NTX/0.125-0.25 mg/day+P vs oral No significant adverse events
C/0.1-0.2 mg/q6h vs
NTX/0.12500.25 mg/day x6 days
Hartman 1991 [73] R,DB N=19 IV A vs oral Cx9 days A > C in controlling objective withdrawal signs
but similar in subjective symptoms
Akhondzadeh R,DB N=62 Oral B vs C/maximum 0.8 mg/day Physical signs controlled by B = C but > C in
2000 [74] symptom control
Malhotra 1997 [71] R, DB N=39 IM MEP vs oral C/0.3-0.6 mg/dayx7 days NS difference in control of signs or symptoms
Deutsch 1996 [70] OL N=10 Transdermal C/mean 5.8 ng/kg/day No severe signs or symptoms of withdrawal
(range 4.2-8.5 ng/kg/day) with patches on. Two patches removed
prematurely and then withdrawal symptoms
seen. No adverse events.
Bearn 1996 [138] R,DB N=86 Oral M vs L/0.6-2.0 mg/day =7 days Better symptom control with M than L but
similar effects on BP
Kahn 1997 [139] R,DB N=28 Oral M + L/0.4-1.8 mg/day vs oral M + Similar efficacy seen but fewer hypotensive
C/0.2-0.9 mg/day = 14 days and adverse events with L
Lin 1997 [85] R,DB N=80 Oral C/0.3-0.6 mg/day vs L/0.8—1.6 mg/d Equal efficacy in controlling symptoms but
significantly (P<0.005) more episodes of
drug secondary to more hypotension with C vs L
Carnwath 1998 [86] R, DB N=58 Oral C/0.1-0.8 mg/day vs Both drugs were equal in efficacy but lower
L/0.2-1.6 mg/dayx 12 days side effects and fewer home visits
(both P<0.05) with L vs C
Bearn 1998 [140] OL N=61 Oral M stabilized patients either tapered M The high dose, short course of L was more
over 10 days vs oral L/0.6-2.0 mg/day x effective than the 10 day M or L course. No
10 days vs oral L/1.8-2.4 mg/dayx5 days difference in BP with either L course
Bearn 2001 [141] OL N=49 Oral M stabilized patients then treated with The L + naloxone treatment and significantly
either oral L/2.0-2.8 mg/day + IM (P<0.05) less withdrawal severity than L alone.
naloxone/0.8 mg/day days 3—6 followed Equal completion rates and BP control
by NTX/25-50 mg/day vs oral vs oral
L/1.8-2.0 mg/dx7 days
Howells 2002 [81] R,DB N=74 Oral M vs L/0.6-2.0 mg/day* 10 days NS between M and L in symptom control or BP
Walsh 2003 [87] R,DB N=8 Oral M maintained patients challenged Neither L nor C reduced naloxone-induced
with IM naloxone 0, 0.1, and 0.3 mg symptoms. Both reduced BP and P
and pretreatment with P vs L/0.4, 0.8,
and 1.6 mg vs C/0.1 and 0.2 mg
Beswick 2003 [142] R, DB N=89 Oral M stabilized patients either The addition of naloxone to L
L/1.4-2.0 mg/day + IM P/day <6 days ameliorated withdrawal but did not
vs oral L/1.4-2.0 mg/day + IM accelerate the process
naloxone 0.8 mg/dayx6 days
McCambridge R,DB N=137 Oral M stabilized patients either tapered Longer period to restarting heroin
2007 [80] M over 10 days vs oral L/1.4-2.0 mg/day + with L + naloxone
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IM P/dayx 6 days vs oral L/1.4-2.0 mg/day +
IM naloxone 0.8 mg/day*6 days
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Table 2 (continued)

Outcomes

Trial Design Number of Drugs/Doses
patients
Nasr 2012 [104] OL N=60 IV PROP + oral L/0.6 mg/day vs IV D
for 4+ days
Tobias 2008 [97] OL N=T7 IV to SQ

Tobias 2006 [98] OL N=T7 IV D/0.5 ng/kg/h

L > symptoms than D

D/0.8-1.4 pg/kg/h decr by 0.1 pg/kg/h
every 12 h for 4-7 days Prevented
withdrawal symptoms

2 infants required incr in dose

D/0.7 pg/kg/h. No adverse hemodynamic
or respiratory effects

Design: Retro Retrospective, R randomized, DB double-blind, OL open label. Drug/doses: /V intravenous, /M intramuscular, SQ subcutaneous, 4 hour, d

[T3t}

day, gnh every “n” hours, % times, C/ confidence interval, P placebo, MS morphine sulfate, NTX naltrexone, M methadone, 4 acetorphan, B baclofen,
MEP meperidine, C clonidine, L lofexidine, D dexmedetomidine, PROP propofol, BUP buprenorphine. Outcomes: P pulse, BP blood pressure, LO

length of sta, /CU intensive care unit, decr decreased, NS not significant

often confounded by drug dependence, depression, pain, and
anxiety [114]. Smokers admitted to the ICU were more likely
male, had a history of alcoholism, and were more likely
admitted for septic shock [114]. These same investigators
reported that when smokers were matched to non-smokers in
the ICU, smokers had a higher incidence of agitation (64
versus 32 %, P=0.0005) but no difference in the incidence
of delirium. In addition, a higher incidence in self-removal of
tubes and catheters occurred in the smokers group. Smokers
required more interventions including sedative, analgesic and
neuroleptic agents, and physical restraints than non-smokers
[114].

Clonidine and NWS

The A2AA agent clonidine has been evaluated in smoking
cessation trials, many of which also measured NWS symp-
toms. One of the first trials studied 15 heavy smokers, who
abstained from cigarettes three different days and received
clonidine, alprazolam, or placebo during the periods of ciga-
rette abstinence. Both clonidine and alprazolam reduced anx-
iety, tension, irritability, and restlessness seen with NWS but
only clonidine was found to reduce cigarette craving [116].
Additional trials have confirmed the reduction of NWS symp-
toms with clonidine treatment and improved rates of smoking
cessation [117]. This positive effect of clonidine was found to
be limited to women in some of the studies [118, 119]. These
positive findings can be contrasted to a study of 185 smokers
randomized to either placebo or clonidine in a primary care
setting. In this study, clonidine failed to show a benefit in
smoking cessation [120].

In two double-blind, placebo-controlled trials that com-
pared clonidine to placebo patches, transdermal clonidine
treatment reduced NWS symptoms of craving, irritability,
anxiety, restlessness, hunger, and difficulty concentrating

[121, 122]. In one study, 375 smokers were treated with either
transdermal clonidine or placebo for a 4-day period of
smoking abstinence. Each patient then went back on cigarettes
and repeated the smoking abstinence with the opposite treat-
ment so that each patient acted as their own control [123]. All
of the NWS symptoms including cravings, irritability, anxiety,
and restlessness were significantly (P=0.001) reduced by the
transdermal clonidine treatment compared to placebo with a
five-fold decrease in craving and irritability reported [123].
Hilleman et al. [124] used transdermal clonidine and com-
pared it to placebo in 48 chronic smokers. They found after
6 weeks that 19 % of the placebo patients and 63 % of the
transdermal clonidine patients (P<0.05) stopped smoking. A
4-week trial randomized 72 chronic smokers to either placebo
or 0.1, 0.2, or 0.3 mg/day transdermal clonidine patches [125].
Significantly, more patients were able to quit smoking at day
20 in each of the individual clonidine doses and when the
clonidine groups were combined than in the placebo group (57
versus 19 %, P=0.007). An inverse relationship was seen
between blood clonidine concentrations and changes from
baseline in heart rate, blood pressure, appetite, irritability,
and anxiety [125]. When clonidine patch was added to behav-
ior modification approaches, no additional adjunctive effect
could be demonstrated in smoking cessation [126]. Combina-
tion therapy of transdermal clonidine paired with transdermal
nicotine has been advocated for smoking cessation without
rigorous experimental evidence [127].

Two meta-analyses have concluded that the use of cloni-
dine has a statistically significant effect of 1.63 (95 % CI 1.22
to 2.18) versus placebo in promoting cessation of cigarette
smoking and modifying the NWS [128, 129]. Clinically sig-
nificant side effects of sedation and postural hypotension
occurred in a dose-dependent manner in parallel to its efficacy.
The authors concluded that clonidine treatment was not a
“first-line” therapy in smoking cessation [129]. Although no
reports of the use of other A2AA agents in the treatment of
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NWS could be found, dexmedetomidine has been suggested
for use in attenuating the signs and symptoms of NWS in the
ICU [34].

Recommendations Regarding A2AA Agents and NWS

Although the use of A2AA agents has been shown to be
effective when compared to placebo in NWS, little data sug-
gest that this approach is better than the FDA-approved
smoking cessation products (nicotine, varenicline, and
bupropion). The side effect profile of A2AA agents will
probably limit their use to inpatient settings.

Side Effects of A2AA Agents

The major adverse effects of A2AA agents include bradycar-
dia, hypotension, and sedation. Abrupt cessation of chronical-
ly dosed A2AA agents like clonidine is associated with a
withdrawal syndrome. This includes insomnia, vivid dreams,
headaches, nausea, tremor, restlessness, hiccups, stomach, and
muscle pains in addition to a marked elevation in blood
pressure and pulse [130] The newest A2AA agent
dexmedetomidine is approved for use outside the operating
room for short-term use in the ICU. Long-term use has been
advocated with recent evidence that its hemodynamic effects
did not limit its long-term use [131]. There have also been
reports of acute dexmedetomidine withdrawal syndrome fol-
lowing prolonged use (5 to 6 days) in two patients [132]. A
safety report from the FDA has pointed out that tolerance and
tachyphylaxis have been reported with dexmedetomidine use
beyond the FDA-approved 24-h interval. In addition, the
safety report noted that prolonged use regardless of dose has
been associated with withdrawal-induced nausea, vomiting,
agitation, tachycardia, and hypertension 2448 h after the last
dose [133]. The knowledge and consideration of the side
effects of A2AA agents is needed before calculating the risk/
benefit ratio of their use in the treatment of withdrawal
syndrome.

Conclusion

Alpha2-adrenergic receptors and the associated neurotrans-
mitter system appear to play an important role in modulating
the signs and symptoms of AWS, OWS, and NWS. The use of
A2AA agents has been shown to successfully alter alcohol,
opioid, and nicotine withdrawal syndromes but the magnitude
of these changes varies, and the side effect profile has not
supported their use as the primary or sole agent and has
limited the currently available A2AA agents to that of adjunc-
tive therapy in most cases. Special patients, like those in the
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ICU, may benefit from the use of newer A2AA agents like
dexmedetomidine as adjunctive therapy in treating alcohol
and opioid withdrawal states, but further research is needed
to define its exact role, doses, and limitations. Rapid non-
opioid-based detoxification with lofexidine, as a sole agent
appears practical. Combination therapy that includes an
A2AA agent in treating acute sick patients with AWS is
promising but would benefit from formal trials to define best
practices/protocols, doses, and drug pairings. It is too soon to
say that A2AA agents have reached a “prime time” designa-
tion but they appear to be close in the approach to AWS and
OWS.
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