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WITHDRAWAL SYNDROMES 

Ruben Olmedo, MD, and Robert S .  Hoffman, MD, FACEP 

Substance abuse is common in our society, with a rise in the use of all forms 
of drugs. In the United States, the lifetime prevalence of alcohol abuse is 14%, 
and that of alcohol dependence is 8%.@ Since 1989, the worldwide production 
of heroin has risen, and opioid use also has increased dramatically. It is estimated 
that there are 1.5 million chronic heroin users nationwide, and with this the 
number of overdoses and deaths from heroin use has also The total 
economic cost of alcohol and other drug abuse in the United States is enormous, 
with alcohol abuse accounting for $99 billion per year and $67 billion for other 
drugs of abuse." 

The emergency physician must confront all aspects of substance use, includ- 
ing acute intoxication, concurrent illnesses or trauma, and related social prob- 
lems, such as unemployment, violent crime, and homelessness. The abrupt 
cessation or reduction of these drugs that occurs when patients present to the 
hospital with intoxication, illness, or trauma, or secondary to financial or social 
factors, can precipitate substance withdrawal. Any of these encounters provides 
an opportunity for intervention, prevention, and management of substance with- 
drawal. 

DEFINITIONS 

The central nervous system (CNS) adapts to chronic substance use. The 
relationship between intoxication, the cessation of use, and the development of 
a withdrawal syndrome has become better understood through recent advances 
in the pathophysiology at the cellular and molecular level. Clearly not every 
person who indulges in substance use undergoes withdrawal. Chronic intoxica- 
tion often produces adaptive changes in the patient, so that more of the sub- 
stance is necessary to produce the effects that were previously attained. This 
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phenomenon, termed tolerance, is based on the frequency and amount of drug 
use. Symptoms of withdrawal occur because of the onset of physical or psycho- 
logical dependence. Continuous use creates a physiologic state in which a 
decrease or the cessation in substance administration results in specific clinical 
symptoms as the adaptive changes persist. Psychological dependence is the 
feeling of drug craving to prevent the reproducible, unpleasant withdrawal 
symptoms. These physiologic and psychological adaptations could accompany 
changes at the cellular level. 

Whereas dependence and tolerance are physiologic terms, drug addiction is a 
social term. It is the condition in which a person's drug-seeking behavior is 
regarded as detrimental to him- or herself and to society. Thus an addicted 
person might not necessarily be physically dependent on a drug. The exact 
symptoms of withdrawal depend on the particular substance, its pharmacokinet- 
ics, the length of time it was used, and the amount of substance used. Symptoms 
also depend on the patient's previous experience with this substance, including 
previous episodes of withdrawal. 

ETHANOL WITHDRAWAL 

The pathophysiology of ethanol intoxication and withdrawal is complex. 
Although some of the interactions with membrane proteins involved in signal 
transduction are known, the overall effects of ethanol are multifactorial. Acute 
ethanol intoxication produces a sedating effect on the CNS, initially causing 
euphoria and mild anesthesia. With increasing concentrations of ethanol, symp- 
toms of stupor and lethargy become apparent, and in large doses, coma and 
respiratory depression ensue (Fig. 1). Some of these clinical effects can be 
explained by an ethanol interaction with different neurotransmitters in the brain, 
including gamma-aminobutyric acid (GABA), glutamate, and opioid~.'~ 

The main inhibitory neurotransmitter in the CNS is GABA. Ethanol binds 
to GABA receptors in the synapses. GABAA receptors are located postsynapti- 
cally, and GABAB, presynaptically. GABAA receptor activation changes the con- 
ductance of the chloride ion by opening the GABA chloride channel. The 
resultant chloride influx hyperpolarizes the cell and leads to a decrease in the 
firing rate of neurons; this renders the overall clinical effect of sedation.48 Evi- 
dence for ethanol-induced GABA induction comes from both electrophysiologic 
and genetic studies. Ethanol definitely potentiates postsynaptic GABA action, 
although no specific binding site of ethanol to the GABA, channel has been 
elucidated. Chronic ethanol administration to rats results in a tolerance to ethanol- 
stimulated chloride influx in neurons?, 56 This GABA, receptor function down- 
regulation is presumed to be compensatory for the sedating effects of ethan01.~~ 
The response to chronic ethanol administration is not uniform within the whole 
brain, with some areas having decreased GABA tone compared to others.Z5, 
59, 77 Also, chronic changes in the GABAA receptor complex itself have been 
demonstrated by noting decreases in the expression of the GABAA receptor 
subunit alpha-1 in rats treated chronically with ethanol. Furthermore, animal 
experiments have correlated the severity of ethanol withdrawal seizures with a 
decrease in the level of expression of this mRNA subunit? 

Ethanol also affects excitatory neurons by inhibiting the effect on the NMDA 
receptor during intoxication and attenuating it during withdrawal. Ethanol's 
inhibition of the NMDA-activated calcium current occurs in a dose-dependent 
manner.46 Chronic administration of ethanol to rats inhibited convulsions in- 
duced by intracerebroventricular and intraperitoneal administration of NMDA. 
Conversely, intracerebroventricular and intraperitoneal administration of NMDA 



WITHDRAWAL SYNDROMES 275 

DECREASING ETHANOL LEVEL 
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Figure 1. Schematic representation of alcohol withdrawal. A s  alcohol levels fall, patients 
develop alcohol withdrawal seizures (“rum fits”), alcohol hallucinosis, or alcohol tremu- 
lousness. Following this stage, the patient can recover, develop another early manifestation 
of withdrawal, or progress to delirium tremens. (From Hamilton RJ: Substance Withdrawal. 
In Goldfrank‘s Toxicologic Emergencies, ed 6. Norwalk, CT, Appleton and Lange, 1998, p 
1136; with permission.) 

receptor antagonists attenuated alcohol withdrawal seizures in these animals.’” 28 

Membrane-binding experiments also demonstrate an increased number of 
NMDA-binding sites in the hippocampus of ethanol-fed rats.” This increase in 
neuroexcitatory tone renders greater susceptibility to withdrawal seizures.’”, 42, 72 

It is hypothesized that these neuronal changes that occur during ethanol with- 
drawal are permanent and predispose alcoholic subjects to more frequent and 
severe seizures, a process known as kindling.6, 

The nucleus accumbens and the ventral tegmental area have been implicated 
as the brain centers for reward and reinforcement behavior, with dopamine 
being the major neurotransmitter involved in these functions. In cell culture 
experiments, acute ethanol intoxication inhibits opioid binding to the popioid 
receptor and chronic ethanol exposure upregulates the opioid receptor and 
increases the response to opioid receptor ligands. Opioid receptors in these brain 
regions modulate ethanol-induced dopamine release. Opioid antagonists reduce 
alcohol consumption by inhibiting glutaminergic neurotransmission in the nu- 
cleus accumbens in rats by interfering with dopamine re1ea~e.l~ The results 
observed suggest that alcohol craving could involve opioid receptors. In fact, 
naltrexone has been used as adjunctive therapy to prevent craving for alcohol 
in the primary care setting.6z 
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Symptoms of Ethanol Withdrawal 

Understanding the neurophysiologic mechanism of ethanol on the CNS 
helps us to comprehend both the symptoms of acute intoxication and with- 
drawal. This knowledge results from treating patients in acute withdrawal with 
different sedative-hypnotic agents. Nearly half a century ago, the work of Victor 
and Adams gave insight into the relationship between the clinical symptoms of 
ethanol intoxication and its progression to the different manifestations of ethanol 

They described tremors, hallucinations, convulsions, and delirium 
tremens following abstinence as independent entities, whch may or may not 
progress into the other (Fig. 1). More importantly, their work also demonstrated 
that the severity of the withdrawal symptoms in any individual patient de- 
pended on the amount of time spent drinking prior to the development of those 
symptoms.** 

Two years after Victor and Adams’ study, Isbell et al, using an experimental 
model of alcohol abstinence, confirmed that the development of withdrawal 
symptoms is dose dependent. Four volunteers drank 266 mL to 346 mL of 95% 
alcohol daily for 7 to 34 days. Six other volunteers drank 383 mL to 489 mL for 48 
to 87 days. On sudden abstinence, the first four patients experienced diaphoresis, 
tremulousness, and weakness. The six other patients experienced the prior 
symptoms, as well as insomnia, nausea, vomiting, hypertension, hypereflexia, 
fever, and hallucinations. Two of these latter patients had seizures, and three 
patients developed delirium t r e m e n ~ . ~ ~  Thus, the first and commonest sign of 
alcohol withdrawal is tremulousness, which usually occurs within a few hours 
after cessation of drinking or a decrease in the amount of drinking. These 
tremors fluctuate in intensity and increases with intentional activity or agitation. 
Interestingly, Victor and Adams observed that in some patients the external 
tremor is minimal, but that they feel ”shaky inside.” With an increased CNS 
excitatory tone, these symptoms can progress and manifest peripherally as 
symptoms of increased autonomic discharge: nausea, vomiting, tachycardia, 
hypertension, and hyperthermia.82 

The hallucinations that result from alcohol abstinence are best described as 
a disordered sense of perception. Although they can occur in some patients 
while they are actively drinking, 80% of the time hallucinations occur after the 
cessation of drinking. The onset of transient hallucinations typically occurs 7 to 
48 hours after the last drink. Classically, they are auditory and often persecutory 
in nature.” Patients may also perceive noises as voices, spots on the wall as 
bugs, and shadows as people who are not there. These changes in somatic 
perception can cause frank paranoia, which may further agitate the patient. The 
patient can cause harm to himself and others, and unless control is attained and 
treatment started, these symptoms may progress to delirium tremens. 

Seizures, a third manifestation of ethanol abstinence, are typically tonic- 
clonic and diffuse in nature with a short postictal period. ”Rum fits,” the 
colloquial term often used, frequently occur without warning. They can occur 
in patients without a prior history of seizure disorder and with normal EEGs. 
Fifty percent of the time they are single, and when in multiples, they occur are 
in short bursts. Status epilepticus is distinctly uncommon. Victor and Brausch 
observed that withdrawal seizures typically occur within 7 to 48 hours of 
cessation of drinking, and have a peak incidence between 12 and 24 hours. 
Compared with idiopathic epilepsy, ethanol withdrawal seizures have a later 
onset in life.= Unfortunately, events in chronic alcoholics are more complex. 
Many of these patients have an underlying seizure disorder secondary to a 
previous traumatic brain injury, infection, or other intracranial proce~s.~Z 74 More- 
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over, although withdrawal seizures are self limited, one third of the time they 
portend the development of delirium tremens. 

The most serious manifestation of ethanol withdrawal is delirium tremens. 
In its ultimate form, delirium tremens is a true medical emergency. Early this 
century, before the relationship between delirium tremens and alcohol abstinence 
was understood, the mortality rate was as high as 35%.58 The onset of symptoms 
occurs 48 to 72 hours after cessation of drinking. They peak at the fourth 
day and can last for 1 to 2 weeks. Symptoms are characterized by autonomic 
hyperactivity, manifested as hypertension, tachycardia, diaphoresis, fever, my- 
driasis, and tremulousness. The hallmark of delirium tremens, as the name 
implies, is profound confusion and disorientation.82 The hallucinations experi- 
enced during delirium tremens are usually persecutory, and they merge with 
the patient's confused state of being. The patient thinks that the medical staff 
are assailants, they talk to people who are not there, or have feelings of insects 
crawling on their body. 

General Management of Patients with Ethanol Withdrawal 

In the ED, it is difficult to misdiagnose the alcoholic patient who presents 
with the classic signs and symptoms of delirium tremens; however, many pa- 
tients present with atypical symptoms, including variable degrees of confusion, 
hallucinations, or autonomic hyperactivity. Patients who present early in with- 
drawal may manifest only a mild tremor or have none of the stigmata associated 
with a chronic alcohol use. Patients also could be taking medications such as 
beta-blockers or calcium channel blockers that can obscure the peripheral auto- 
nomic findings. Autonomic hyperactivity and its symptomatic sequalae have 
many different etiologies each mimicking ethanol withdrawal. Some of the 
illnesses to be considered include acute cocaine or amphetamine intoxication, 
acute anticholinergic toxicity, sepsis, thyrotoxicosis, heat stroke, hypoglycemia, 
and intracranial hemorrhage. As with other illnesses, treatment begins with 
prompt recognition of the disease. For ethanol withdrawal, treatment is tailored 
to the individual patient and to the severity of the withdrawal symptoms in the 
context of alcoholism as a disease. 

The vital signs usually provide the earliest evidence of ethanol withdrawal. 
Although an elevated heart rate and blood pressure are indications of this 
syndrome, body temperature must not be overlooked. In addition to directing 
the medical evaluation for a possible infection, an elevated temperature is a 
signal of severe autonomic hyperactivity. In a study by Tavel et al, hyperthermia 
was found in 51% of the patients who died of delirium tremens. Seventy-five 
percent of the patients who had an ethanol withdrawal seizure had a peak 
temperature of greater than 103.9°F.79 In addition to the hyperthermia, the agita- 
tion, diaphoresis, and hyperventilation lead to increased fluid losses. Prior to 
treatment with fluid replacement and pharmacologic sedation, when agitation 
was treated with restraints, patients succumbed from hyperthermia and cardio- 
vascular In Tavel's series of fatalities from delirium tremens, only 25% 
of the patients who died received adequate fluid replacement. Fatality decreased 
from 18.5% in 1954 to 5.4% in 1958, mainly owing to early recognition, better 
fluid replacement, and improved supportive care. Adequate fluid and electrolyte 
replacement is of extreme importance, and care must be taken so that treatment 
is individualized, especially for patients with underlying renal or cardiovascular 
disease.79 

The approach to the alcoholic patient should encompass an aggressive 
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evaluation for concurrent illnesses because they are risk factors for severe with- 
drawaLZ3 Alcoholics are likely to have underlying metabolic derangements, head 
trauma, or infection as a cause of their confusion. These causes should be sought 
and treated as they are found. Ethanol impairs gluconeogenesis by changing the 
body’s redox state. A change in glucose utilization has been observed in different 
parts of the brain of chronically ethanol-treated animals and during ethanol 
abstinence.z1 

All patients in ethanol withdrawal require intravenous glucose as a sub- 
strate for energy. Hypoglycemia is treated with 0.5 to 1.0 g/kg of D,,W intrave- 
nously, and the patients should be fed. Thiamine (100 mg IV) also should be 
administered because many of these patients are deficient and thiamine is 
needed as a cofactor in glucose metabolism. This also assists in avoiding the 
development of Wernicke’s encephalopathy.12 Folate and other vitamins are 
supplemented as indicated. 

A comprehensive laboratory and radiographic evaluation will aid in identi- 
fying fluid and electrolyte abnormalities and concurrent infection. Laboratory 
analysis includes a full set of electrolyte levels, including magnesium, BUN, 
creatinine, glucose, liver function tests, amylase, and a coagulation profile. It is 
important to know the alcohol level at the time the patient started having 
symptoms of withdrawal, because more medication is required to control the 
symptoms as the sedative effects of ethanol wear off.84 Furthermore, blood 
cultures, a chest radiograph, and a lumbar puncture, and examination of ascitic 
fluid (when subacute bacterial peritonitis is suspected) are important considera- 
tions because many alcoholic patients present with some underlying infection.’ 

Patients are often brought to the ED without obvious signs of head trauma. 
Whether they might have seized or fallen during their intoxication, the finding 
of a focal neurologic deficit suggests a structural cause for altered mental status, 
and a head CT helps in making the diagnosis. Many alcoholics present to the 
ED after a seizure and without a prior history of epilepsy. A clear cause for the 
seizures must be assessed before assuming that it was ethanol withdrawal. 
Although one retrospective study found no value in head CT in the assessment 
of seizure patients presenting without a focal neurologic deficit, in a series of 
259 cases of first alcohol-related seizures, Earnest et a1 demonstrated 7 of 16 
patients who had an intracranial lesion had no focal signs and no signs of 
trauma.zo, 24 

The symptoms of hypomagnesemia resemble those of ethanol withdrawal, 
and many patients have been found to be severely magnesium depleted. Hypo- 
magnesemia manifests as tremulousness, muscle cramps, nausea, vomiting, 
changes in mental status, convulsions, and dy~rhythmias.~~ Although administra- 
tion of magnesium to all alcoholic patients therefore seems logical, the empiric 
use of magnesium has not been substantiated. In a double-blind placebo study, 
in which all patients who were in ethanol withdrawal were randomized to 
receive magnesium or placebo regardless of their magnesium level, magnesium 
failed to alter the severity of withdrawal symptoms.86 It is recommended that 
magnesium be given in cases in which the serum magnesium is found to be low 
or electrocardiographic abnormalities are consistent with low levels. 

Pharmacologic Management of Ethanol Withdrawal 

The pharmacologic goal of managing ethanol withdrawal is to prevent the 
development of its specific symptoms or seizures, and their continuation to 
delirium tremens. Over the course of this century many different medications 
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have been used to treat ethanol withdrawal. The medication of choice for the 
treatment of ethanol withdrawal would be one with the best cross-tolerance, 
most rapid onset of action, best safety profile, and the effect of which would 
last for the long duration of withdrawal symptoms. Two drugs are said to be 
cross tolerant with one another when their pharmacologic effects are equivalent. 
For example, ethanol and benzodiazepines cause the same sedating effects, but 
in a person who has a tolerance for ethanol, a lugher amount of benzodiazepine 
is necessary to achieve the same sedative effects. This could well be because of 
a similar mechanism of action on the cellular level. Thus, the response to the 
administration of the new drug would be as if the person had had prior 
exposure to it and tolerance to this new agent had been attained. It would then 
seem appropriate that ethanol withdrawal be treated with ethanol, because no 
other drug is going to provide superior cross-tolerance than itself. In fact, 
alcoholics often self-medicate for the “shakes” with a drink. Although ethanol 
does treat its withdrawal symptoms, the complications of using ethanol (i.e., 
gastritis, pancreatitis, hepatitis, bone marrow suppression, metabolic acidosis, 
hypoglycemia) limit its use. 

Benzodiazepines were first used for the treatment of ethanol withdrawal in 
the late 1 9 5 0 ~ . ~ ~  By the mid 1970s, data demonstrated that patients treated with 
chlordiazepoxide and diazepam had a lower incidence of seizures and delirium 
tremens and achieved sedation much faster than when their withdrawal was 
managed with phenothiazines, antihistamines, and paraldehyde.4O By the 1980s, 
benzodiazepines became the mainstay of treatment. As a class of drugs, benzodi- 
azepines are remarkably safe. In addition, they are excellent anticonvulsants. As 
newer benzodiazepines were manufactured, their efficacy in treating ethanol 
withdrawal was studied clinically. A meta-analysis of these comparative studies 
found that all different benzodiazepines tested seemed equally efficacious in 
reducing symptoms of withdrawal. The optimal benzodiazepine can be selected 
based on pharmacokinetics, the patient‘s underlying medical conditions, and 
COSt.55 

Benzodiazepines produce their sedative hypnotic effects by enhancing 
GABA neurotransmission by specific binding sites at the GABA, receptor. Bind- 
ing of benzodiazepines to the GABA receptor increases the affinity of GABA to 
its binding site. In doing so, benzodiazepines induce ion conductance by increas- 
ing the frequency of chloride channel opening events.l0* 36 

Different benzodiazepine treatment regimens are used to treat withdrawal. 
Although fixed-schedule therapy is common, frequently the patient is neglected 
by being placed on a conventional schedule. When reassessment of symptoms 
is not performed frequently enough, the withdrawal symptoms may worsen as 
the patients are undertreated, or the patient may develop oversedation and 
prolong their hospital stay secondary to receiving unnecessary daily doses. 

Different studies support ”front-loading” therapy. In these studies, patients 
were given diazepam in 10 mg or 20 mg orally at 1- to 2-hour intervals until 
they were asymptomatic. When matched for severity of withdrawal symptoms, 
studies demonstrate that front-loading alleviates withdrawal symptoms faster 
than conventional therapy.5o, 73 In fact, in one study the front-loading therapy 
used one third the total amount of medication used during the conventional 
therapy.50 Despite the amount of diazepam loaded, the levels of diazepam and 
desmethyldiazepam measured were never c~nsequential.~” 85 Thompson et a1 
achieved a state of calmness in patients with complicated delirium tremens in 
1.8 hours using 5 mg of diazepam intravenously initially and then 5 mg intrave- 
nously every 5 minutes.81 The fast onset of action and dependable response 
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makes diazepam unique in the treatment for withdrawal. In addition, the half- 
lives of diazepam and its active metabolite were determined as being 33 hours 
and 50 hours, respectively.” This is long enough to treat the expected duration 
of withdrawal symptoms. Because the loading dose given is titrated to the 
individual patient’s response (to a level of calmness that is easily arousable, 
rather than obtundation and coma) overdosing is not a risk. 

Following the loading dose, medication can be administered as the symp- 
toms recur. In a double-blind controlled trial using chordiazepoxide, Seitz et a1 
randomized patients to receive either a fixed-schedule therapy with additional 
medication as needed, or therapy only when symptoms of withdrawal were 

Symptom-triggered therapy was as effective as the conventional ther- 
apy and outcomes were similar, yet the duration of treatment and amount of 
drug administered were significantly less in the symptom-treated group; 425 mg 
during a mean time of 68 hours compared with 100 mg during a mean time of 
9 hours, respectively. 

Barbiturates also have been used commonly to control ethanol withdrawal 
symptoms. As with benzodiazepines, barbiturates are good sedative-hypnotic 
and anticonvulsant agents. Although there are few experimental trials that study 
barbiturates for alcohol withdrawal, there is ample clinical experience that they 
are effective. Mechanistically, barbiturates bind to the GABA receptor and in- 
crease inhibitory tone in the CNS. In contrast to benzodiazepines, barbiturates 
prolong the GABA response by delaying the GABAA chloride channel closure, 
thus allowing a longer influx of chloride ions. In high anesthetic doses, barbitu- 
rates open the GABAA chloride ion channel directly?6 Complications commonly 
encountered with barbiturate treatment are hypotension and respiratory depres- 
sion. Young et a1 found that an average of 8.5 mg/kg of phenobarbital was 
required to bring patients in ethanol withdrawal to light sedation. The 6% 
rate of adverse reactions reported included hypotension, which resolved with 
intravenous fluids, transient ataxia, and lethargy.= 

As stated earlier, the ideal benzodiazepine for treating withdrawal would 
have a rapid onset of action to bring agitation under control promptly. It would 
also have a long duration of action, comparable to the duration of symptoms. It 
is recommended that diazepam be used because its sedative effects occur within 
5 minutes. Additional doses can be administered intravenously every 5 minutes 
and titrated to a level of sedation desired. Large doses have been given to 
patients in severe withdrawal without the risk of respiratory depression.@, 60, 87 

Although diazepam has a long-acting metabolite that suppresses withdrawal 
symptoms, additional doses can be required if symptoms reappear. Failure to 
control symptoms of withdrawal with massive doses of diazepam has also 
been reported.87 This is probably due to the imperfect cross-tolerance between 
benzodiazepines and ethanol. If diazepam is ineffectual, a small dose of pheno- 
barbital (60-120 mg) is recommended. The dose can be repeated every 30 
minutes until sedation is attained.” 39 As barbiturates can cause respiratory 
depression, care must be taken to protect the airway when necessary. 

Medications other than sedative-hypnotics have also been tried to control 
the symptoms of ethanol withdrawal. Although beta-blockers and central alpha-2 
agonists (eg ,  clonidine) reduce the peripheral manifestations of withdrawal 
(i.e., hypertension and tachycardia) they fail to treat the cause of the autonomic 
derangement.’ 37 With an increased central excitatory tone from increased dys- 
inhibition, patients treated with beta-blockers can continue on to a state of 
increased anxiety, seizures, and delirium tremens that is not be forewarned by 
abnormal vital signs. For this reason, beta-blocker and central alpha-’2 agonist 
use are not recommended in the acute setting. 
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Because of their efficacy in treating patients with agitated psychosis, alco- 
holic hallucinosis, and acute alcohol intoxication, the phenothiazines and butyro- 
phenones have been used in treating ethanol withdrawal. Several reports, how- 
ever, describe patients who died of hyperthermia and cardiovascular collapse 
after being given haloperidol for ethanol ~ithdrawal.2~. 30, In comparative 
studies of phenothiazines versus benzodiazepines, the former has a higher 
incidence of treatment failure, and it has been suggested that they lower seizure 
thre~hold?~, 40 Hypotension secondary to alpha adrenergic blockade can be a 
complication in the ethanol withdrawal and volume-depleted patient. For these 
reasons, the use of phenothiazines and butyrophenones is discouraged in the 
management of ethanol withdrawal. 

Although ethanol withdrawal seizures are often treated with phenytoin, its 
efficacy has been demonstrated only in patients with a history of a seizure 
disorder.” When these patients are excluded, there is no advantage of phenytoin 
over placebo in preventing recurring ethanol withdrawal  seizure^.^, 66, 

The central role of pharmacotherapy for ethanol withdrawal is to control 
the symptoms by supplying sedatives to a patient with decreased central inhibi- 
tory tone. The choice of medication must have its effect centrally and suppress 
the autonomic manifestations of withdrawal. Only long-acting benzodiazepines 
or barbiturates fit the required safety and efficacy profiles. In combination with 
pharmacotherapy, aggressive evaluation and treatment of fluid, electrolyte, and 
nutritional abnormalities must be performed with simultaneous evaluation for 
infection and trauma. 

SEDATIVE-HYPNOTIC WITHDRAWAL 

Benzodiazepines and barbiturates are relatively pure GABAA agonists. By 
increasing GABA tone, they inhibit the excitatory output of the CNS. As noted 
before, benzodiazepines and barbiturates each have their own binding sites on 
the GABA receptor, and through their activation they enhance GABA’s ability to 
open the chloride channel. Whereas benzodiazepines open the GABAA chloride 
channel more frequently, barbiturates maintain the channel open longer.36 The 
symptoms of withdrawal from these medications are similar to those of ethanol 
withdrawal. As the inhibitory tone in the CNS is reduced, symptoms of with- 
drawal manifest themselves as hypertension, tachycardia, diaphoresis, tremors, 
hyperthermia, and ~eizures.4~ Although symptoms can occur by either abstinence 
or reduced intake from these medications, it can also be precipitated by the 
administration of a GABA, receptor antagonist (flumazenil) in a person who is 
benzodiazepine de~endent.4~ 

Symptom onset depends on the pharmacokinetics of the medication, the 
duration of use, and the extent of dependence the individual patient has. Symp- 
toms may start as early as 2 days with lorazepam or in 1 week when the 
withdrawal is from diazepam. Because the half-lives of these medications and 
their metabolites can be up to 200 hours, withdrawal symptoms can last up to 
3 weeks. 

The management of patients with sedative-hypnotic withdrawal is similar 
to the management of those with ethanol withdrawal. Symptoms of confusion, 
anxiety, and vital sign abnormalities must be controlled, and the patient must 
be kept calm and well hydrated, with stable vital signs. This is best achieved 
with sedative-hypnotic agents, again preferably long-acting medications. Once 
the patient is stabilized on a medication, the dose can be reduced by 10% per 
day. If symptoms of withdrawal return, however, the dose is held at the present 
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level, and an extra dose of medication is given until symptoms resolve. The 
taper is then continued by decreasing the amount administered more slowly. 
Following the principles of cross-tolerance, diazepam can be used for benzodiaz- 
epine withdrawal, and phenobarbital for barbiturate withdrawal. Both of these 
agents have been used successfully for treating withdrawal symptoms from 
drugs in their respective pharmacologic class.51, 53 

OPlOlD WITHDRAWAL 

Opioids produce their analgesic effects by means of activation of opioid 
receptors, which through a coordinated cascade of intracellular events inhibit 
neurotransmission of glutamate and substance P. Although there are different 
types of opioid receptors, analgesia seems mostly to occur by activation of the 
subtype opioid mu receptor.54 These receptors are linked to membrane-bound G 
proteins that act as second messengers and change the cell's conductance by 
alterations of ion channels. Activation of a Gi protein decreases intracellular 
adenylate cyclase, leading to decrease levels of CAMP, thereby preventing protein 
kinase-induced activation of intracellular Ca2+ influx.65, 69 Opioids also activate 
a G, protein that opens inwardly, rectifying K+ ~hanne1s.l~ Both of these events 
act to hyperpolarize the cell and decrease its rate of firing (Fig. 2). 

Prolonged exposure to opioid agonists results in a loss of neuronal function. 
Chronic morphine treatment attenuates adenylate cyclase, leading to a gradual 
increase of intracellular CAMP. When morphine is removed or when an antago- 
nist was added after 12 hours, cAMP increases to a higher level than was 
originally present. This upregulation of cAMP is thought to represent the cellular 
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Figure 2. Immediate and long-term effects of opioids. The acute effects of both opioids 
and a,-adrenergic agonists are to increase inhibition through enhanced potassium efflux 
and inhibited sodium influx. Chronic effects alter gene expression to enhance sodium influx 
and restore homeostasis. a2 = a,-adrenergic receptor; G, = stimulating G-protein; Gi = 
inhibitory G-protein; G, = inhibitory G-protein of the a,-receptor; CREB = cAMP response 
element-binding protein. (From Hamilton RJ: Substance withdrawal. In Goldfrank LR (ed): 
Goldfrank's Toxicologic Emergencies, ed 6. Norwalk, CT, Appleton and Lange, 1998, p 
1136; with permission.) 
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basis for opioid tolerance and dependence, and the transient CAMP overshoot, 
the cause of opioid ~ithdrawa1.l~ 

Although not fully understood, there are different molecular mechanisms 
that could be responsible for this cellular adaptation. Some of the mechanisms 
studied involve the uncoupling of the second messengers with either G protein 
desensitization, receptor uncoupling, or downregulation of receptor through its 
pho~phorylation.'~, 63 An interesting mode of cellular adaptation involves the 
activation of a nuclear transcription factor (CAMP response element-binding 
protein [CREB]) that increases the expression of adenylate cyclase in the locus 
coeru le~s .~~ Activation of this brain sympathetic nuclei could be the cause of the 
manifestations of autonomic hyperactivity seen in opioid withdrawal. 

The symptoms of opioid withdrawal are brought on when the drug is 
stopped or when an antagonist or partial agonist is administered. The onset and 
duration of symptoms follow the pharmacologic properties of the drug, such as 
its half-life, the degree of physical dependence that has developed, and the 
quantity of drug used. For example, withdrawal can occur within 6 hours after 
the last dose of heroin use, or in 2 to 3 days after abstinence from methadone. 
Abstinence symptoms peak in 36 to 48 hours in the case of heroin, whereas it 
takes several days for methadone. Heroin withdrawal resolves by 4 to 5 days, 
in contrast with methadone withdrawal, which can last as long as 2 ~ e e k s . 6 ~  
Early symptoms of opioid withdrawal include lacrimation, rhnorrhea, perspira- 
tion, and yawning. Restlessness, piloerection, mydriasis, insomnia, nausea, vom- 
iting, diarrhea, and abdominal cramps can follow these symptoms, with hyper- 
thermia and hypertension occurring rarely, in the most severe cases. In contrast 
with ethanol withdrawal, patients in opioid withdrawal maintain a normal 
mental status. Altered cognition should therefore alert the physician to search 
for other causes for the patient's condition. Instead, an offensive and often 
violent behavior can accompany the intense craving and dysphoric effects felt 
from the withdrawal of the psychological opioid dependence. These feelings can 
last for months. 

Although the symptoms of opioid withdrawal are not life threatening, they 
can be unpleasant and painful and can lead to dehydration in patients with 
vomiting and diarrhea. Care must be taken not to induce opioid withdrawal in 
opioid-overdosed patients by administering large doses of naloxone. Low doses 
of naloxone intravenously can be used and titrated to the desired clinical effect 
while oxygenation is maintained. If withdrawal is induced in this setting, opioids 
should not be used, because the clinical effects of naloxone do not last for more 
than an hour and either restraints or diazepam can be used for behavior control. 

Opioids exhibit good cross-tolerance in their analgesic, euphoric, and respi- 
ratory depressant effects. Thus, any opioid can be used to treat opioid with- 
drawal. As in sedative-hypnotic withdrawal, symptoms are best controlled with 
a long-acting, easily administered medication. Methadone (10 mg IM or the 
equivalent 20 mg PO) is usually enough to treat physical withdrawal symptoms, 
although it might not be enough to stop the drug-craving effects. IM administra- 
tion is the preferred route of administration in the ED, because absorption is 
guaranteed by bypassing the gastrointestinal system. Methadone maintenance 
programs may use higher doses to blunt the euphoric effect from additional 
heroin use. One should keep the patient from going into opioid withdrawal 
whle he or she are hospitalized for an illness.33 After confirmation with his or 
her outpatient program, the patient's dose can be increased rapidly to outpa- 
tient levels. 

Since its FDA approval in 1993, many outpatient methadone maintenance 
programs are using 1-aceteyl-a-methadol (LAAM) for the treatment of opioid 
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addiction instead of methadone. LAAM is a derivative of methadone with a 
duration of action up to 72 hours. Its typical dose is 30 mg to 100 mg orally 3 
times a week. Acute intoxication from LAAh4 may be long lasting, as are the 
symptoms of withdrawal from this agent.67 

Clonidine also can be used to treat opioid withdrawal because it decreases 
the sympathetic symptom by its stimulation of presynasynaptic alpha-2 recep- 
tors in the locus coeruleus. Support that clonidine and opioids act by means of 
different receptors comes from intraspinal neuronal transmission experiments 
that demonstrate that the depressant effects of clonidine are not blocked by 
prior treatment with naloxone.” 26 Rather, clonidine’s action occurs by its similar 
effect on intracellular messengers that open the inward rectifying K+ channels. 
Mild opioid withdrawal can be treated with 0.1 to 0.2 mg of clonidine every 6 
hours, and, in severe cases, up to 25 kg 1 kg 1 d, with symptoms of hypotension 
occurring rarely.13 

BACLOFEN WITHDRAWAL 

Baclofen is a medication used for the treatment of muscle spasms and 
increased muscle tone, used mainly in patients with spasticity secondary to 
spinal cord injuries, multiple sclerosis, or trauma. A derivative of GABA, baclo- 
fen’s principal action is as a GABAB receptor agonist. GABAB receptors are 
located presynaptically, and their activation leads to feedback inhibition of 
inhibitory neurotransmitters largely in the spinal cord, but also in the brain.76 
Because of its structural similarity to GABA, baclofen also has GABA, effects 
as well. 

Seizures occur both in baclofen overdose and from its withdrawal.=* 41 

Although the exact cause is unclear, it is thought that seizures following over- 
doses occur from the decreased inhibitory tone mediated by GABA, effect on 
inhibitory neurons; seizures during withdrawal occur from the downregulation 
of GABA, receptors and a resultant increase in excitatory tone postsynaptically. 

Baclofen can be administered orally and intrathecally by a subcutaneous 
pump, and withdrawal occurs with both routes4 Baclofen withdrawal syndrome 
occurs within 12 to 72 hours after the cessation of drug use. Similar to sedative- 
hypnotic withdrawal syndrome, the symptoms of baclofen withdrawal include 
agitation, sleeplessness, hallucinations, delusions, confusion, psychosis, hyperto- 
nia, fever, and seizures. Benzodiazepines have been used to control the seizures 
and symptoms of withdrawal because of their near-perfect cross-tolerance. 
Symptoms improve completely within 24 to 72 hours with the resumption of 
baclofen therapy.” 

GHB WITHDRAWAL 

Gamma-hydroxybutyrate (GHB) has become a popular drug of abuse in the 
past decade. It was introduced to the United States in 1990 as a health food 
product that promoted muscle growth during sleep. After reports of overdoses 
with patients presenting with unconsciousness, coma, and decreased respiratory 
effort, it was banned in the United States. Historically, it has been used as an 
anaesthetic agent in Europe, in the treatment of ethanol and opioid dependence, 
and in narcolepsy. GHB abuse continues through the use of gamma butyrolac- 
tone (GBL) or its carbon ring form, dihydro-Z(3H)-hranone, both of which are 
converted to GHB by the body. In lieu of this, the FDA recently has banned the 



WITHDRAWAL SYNDROMES 285 

sale of these over-the-counter (OTC) agents. GHB is structurally similar to 
GABA, and consequently its sedative impact has led to the concept that its effect 
is by activation of the GABA receptor. Withdrawal symptoms from GHB include 
tremor, insomnia, and anxiety. They can start within 12 hours and last up to 12 
days. Similar to withdrawal from other sedative-hypnotics, GHB withdrawal 
should be treated with long-acting benzodiazepines.3' 

CONCLUSION 

With the high prevalence of drug use and the ever-increasing number of 
new mind-altering agents in the social arena, the emergency physician is sure to 
encounter patients with symptoms of substance withdrawal. Immediate atten- 
tion must be paid to these conditions because many are medical emergencies. 
With prompt evaluation and proper medical management, mortality can be 
reduced. Care must be taken not to overlook concomitant medical problems 
because many of these patients curtail their drug use momentarily when they 
are ill. Often the ED is the only place where these patients obtain medical care. 
The ED visit for the treatment of substance withdrawal is a narrow frame in the 
entire picture of drug abuse and drug rehabilitation. Emergency physicians can 
use the patient's visit as an opportunity to engage him or her in the continuous 
medical and psychiatric care they need. 

References 

1. Adams HG, Jordan C: Infections in alcoholics. Med Clin North Am 68:179, 1984 
2. Adinoff B: Double-blind study of alprazolam, diazepam, clonidine, and the placebo in 

3. Aghajanian GK: Tolerance of locus coeruleus neurones to morphine and suppression 

4. Albright AL, Cervi A, Singletary J: Intrathecal baclofen for spasticity in cerebral palsy. 

5. Alldredge BK, Lowenstein DH, Simon RP: Placebo-controlled trial of intravenous 
diphenylhydantoin for short-term treatment of alcohol withdrawal seizures. Am J Med 
87645-648, 1989 

6.  Ballenger JC, Post RM: Kindling as a model for alcohol withdrawal syndromes. Br J 
Psychiatry 133:l-14, 1978 

7. Booth BM, Blow FC: The kindling hypothesis: Further evidence from a US national 
study of alcohol in men. Alcohol Alcohol 28:593-598, 1993 

8. Brown ME, Anton RF, Malcom R, et al: Alcohol detoxification and withdrawal seizures: 
Clinical support for a kindling hypothesis. Biol Psychiatry 23:507-514, 1988 

9. Buck KJ, Hahner L, Sikela J, et al: Chronic ethanol treatment alters brain levels of 
gamma-aminobutyric acid A receptor subunit mRNAs: Relationship to genetic differ- 
ences in ethanol withdrawal seizure severity. J Neurochem 571452-1455, 1991 

10. Buck KJ, Harris RA: Benzodiazepine agonist actions on GABA receptor-operated 
chloride channels, 11. Chronic effects of ethanol. J Pharmacol Exp Ther 253713-719, 
1990 

11. Chance JF: Emergency department treatment of alcohol withdrawal seizures with 
phenytoin. Ann Emerg Med 20:520-522, 1991 

12. Chamess ME, Simon RP, Grennberg D A  Ethanol and the nervous system. N Engl J 
Med 294757-762, 1976 

13. Chamey DS, Stemberg DE, Kleber HD, et al: The clinical use of clonidine in abrupt 
withdrawal from methadone. Arch Gen Psychiatry 38:1273, 1981 

the alcohol withdrawal syndrome. Alcohol Clin Exp Res 18:873-878, 1994 

of withdrawal response by clonidine. Nature 276:186-188, 1978 

JAMA 265:1418-1422, 1991 



286 OLMEDO & HOFFMAN 

14. Christie MJ, Williams JT, North RA: Cellular mechanism of opioid tolerance: Studies 
in single brain neurons. Mol Pharmacol32:633-638, 1987 

15. Crain SM, Shen KF: Modulatory effects of G,-coupled excitatory opioid receptor 
functions on analgesia, tolerance, and dependence. Neurochem Res 213347-1351,1996 

16. Danysz W, Dyr W, Jankowska E, et al: The involvement of NMDA receptors in acute 
and chronic effects of ethanol. Alcohol Clin Exp Res 16:3:499-504, 1992 

17. Darlison M, Greten F, Harvey R, et al: Opioid receptors from a lower vertebrate 
(Catosomus comrnersoni): Sequence, pharmacology, coupling to a G-protein-gated- 
inward-rectifying potassium channel (GIRKl), and evolution. Proc Natl Acad Sci USA 
948214-8219, 1997 

18. Davidson M, Shanley B, Wilce P: Increased NMDA-induced excitability during ethanol 
withdrawal: A behavioral and histological study. Brain Res 67491-96, 1995 

19. Diamond I, Gordon A S  Cellular and molecular neuroscience of alcoholism. Physiol 
Rev 771-20, 1997 

20. Earnest MP, Feldman H, Marx JA, et al: Intracranial lesions shown by CT scans in 259 
cases of first alcohol-related seizures. Neurology 38:1561-1565, 1988 

21. Eckardt MJ, Campbell GA, Marietta CA, et al: Ethanol dependence and withdrawal 
selectively alter localized cerebral glucose utilization. Brain Res 584244250, 1992 

22. Essig CF, Jones E, Lam RC: The effect of phenobarbital on alcohol withdrawal in dogs. 
Arch Neurol 20:554-558, 1968 

23. Ferguson JA, Suelzer CJ, Eckert GJ, et al: Risk factors for delirium tremens develop- 
ment. Ann Intem Med 11:410414, 1996 

24. Feussner K R  Computed tomography brain scanning in alcohol withdrawal seizures. 
Ann Intern Med 94:519-524, 1981 

25. Fifkova E, Eason H, Buelmann K, et al: Changes in GABAergic and non-GABAergic 
synapses during chronic ethanol exposure and withdrawal in the dentate fascia of LS 
and SS mice. Alcohol Clin Exp Res 18:989-997, 1994 

26. Franz DN, Hare BD, McCloskey KL: Spinal sympathetic neurons: Possible site of 
opiate-withdrawal suppression by clonidine. Science 215:164>1645, 1982 

27. Golbert TM, Sanz CJ, Rose HD, et al: Comparative evaluation of treatments of alcohol 
withdrawal syndromes. JAMA 201:99-102, 1967 

28. Grant KA, Valverius P, Hudspith M, et al: Ethanol withdrawal seizures and the NMDA 
receptors complex. Eur J Pharmacol 176289-296, 1990 

29. Greenblatt DJ, Gross PL, Harris J, et al: Fatal hyperthermia following haloperidol 
therapy of sedative hypnotic withdrawal. J Clin Psychiatry 39:673-675, 1978 

30. Greenland P, Southwick W H  Hyperthermia associated with chlorpromazine and full 
sheet restraint. Am J Psychiatry 135:1234-1235, 1978 

31. Galloway GP, Frederick SL, Staggers FE, et al: Gamma-hydroxybutyrate: An emerging 
drug of abuse that causes physical dependence. Addiction 92:2:1:89-96, 1997 

32. Hamid A, Curtis R, McCoy K, et al: The heroin epidemic in New York City: Current 
status and prognoses. J Psychoactive Drugs 29:375-391, 1997 

33. Hamilton RJ: Substance Withdrawal, In Goldfrank LR, Flomenbaum NE, Lewin NA, 
et a1 (eds): Goldfrank’s Toxicologic Emergencies, ed 6. Stamford, CT, Appleton & 
Lange, 1998, pp 1127-1143 

34. Haubenstock A, Hruby K, Jager U, et al: Baclofen (Lioresal) intoxication: Report of 4 
cases and review of the literature. J Toxicol Clin Toxicol 201:5948, 1983 

35. Heinala P, Piepponen T, Heikkinen H: Diazepam loading in alcohol withdrawal: 
Clinical pharmacokinetics. Int J Clin Pharmacol Ther Toxicol 28:211-217, 1990 

36. Hobbs WR, Rall TW, Verdoom TH: Hypnotics and sedatives: Ethanol. In Hardman JG, 
Limbird LE, Molinoff PB, et a1 (eds): Goodman and Gillman’s The Pharmacological 
Basis of Therapeutics, ed 9. New York, Macmillan, 1996, pp 361-396 

37. Honvitz RI, Gottlieb LD, Kraus ML: The efficacy of atenolol in the outpatient manage- 
ment of the alcohol withdrawal syndrome: Results of a randomized clinical trial. Arch 
Intern Med 149:1089-1093, 1989 

38. Isbell H, Fraser W, Wikler A, et al: An experimental study of the etiology of “rum 
fits” and delirium tremens. Quart J Stud Alcohol 16:L 1955 

39. Ives TJ, Mooney AJ 111, Gwyther RE: Pharmacokinetic dosing of phenobarbital in the 
treatment of alcohol withdrawal syndrome. South Med J 84:18-21, 1991 



WITHDRAWAL SYNDROMES 287 

40. Kaim SC, Klett CJ, Rothfeld B: Treatment of the acute alcohol withdrawal state: A 
comparison of four drugs. Am J Psychiatry 1253640-1646,1969 

41. Kofler M, Kronenberg MF, Rifici C, et al: Epileptic seizures associated with intrathecal 
baclofen application. Neurology 442.527, 1994 

42. Kosobud AE, Crabbe J C  Sensitivity to N-methyl-d-aspartatic acid-induced convul- 
sions is genetically associated with resistance to ethanol withdrawal seizures. Brain 
Res 610:176-179, 1993 

43. Lewis DC: The role of the generalist in the care of the substance-abusing patient. Med 
Clin North Am 81:4:831-844, 1997 

44. Lineaweaver WC, Anderson K, Hing DN: Massive doses of midazolam infusion for 
delirium tremens without respiratory depression. Crit Care Med 163296297, 1988 

45. Little HJ: The benzodiazepines: Anxiolytic and withdrawal effects: Neuropeptides 

46. Lovinger DM, White G, Weight FF: Ethanol inhibits NMDA-activated ion current in 
hippocampal neurons. Science 243:1721-1724, 1989 

47. Lukas SE, Griffiths RR: Precipitated withdrawal by a benzodiazepine receptor antagoist 
(RO 15-1788) after 7 days of diazepam. Science 2171161-1163, 1982 

48. Macdonald R Benzodiazepines: Mechanisms of action. In Levy RH, Mattson RH, 
Meldrum BS (eds): Antiepileptic Drugs, ed 4. New York, Raven Press, 1995, pp 695703 

49. Maldonado R, Blendy JA, Tzavara E, et a l  Reduction of morphine abstinence in mice 
with mutation in the gene encoding CREB. Science 273:657-659, 1996 

50. Manikant S, Tripathi BM, Chavan BS Loading dose diazepam therapy for alcohol 
withdrawal state. Indian J Med Res 98170-173, 1993 

51. Marks J: Techniques of benzodiazepine withdrawal in clinical practice: A consensus 
workshop report. Med Toxicol 33324-333, 1988 

52. Marx J: Alcohol and trauma. Emerg Med Clin North Am 8:4:929-938, 1990 
53. Martin PR, Bhushan CM, Kapur BM, et al: Intravenous phenobarbital therapy in 

barbiturate and other hypno-sedative withdrawal reactions. Clin Pharmacol Ther 
26:25&264, 1979 

54. Matthes HWD, Maldonado R, Simon F, et al: Loss of morphine-induced analgesia: 
Reward effect and withdrawal symptoms in mice lacking the mu-opioid-receptor gene. 
Nature 383:819-823, 1996 

55. Mayo-Smith MF: Pharmacological management of alcohol withdrawal A meta-analysis 
and evidence-based practice guideline. JAMA 2822144-151, 1997 

56. Mehta AK, Ticku MK: Ethanol potentiation of GABAergic transmission in cultured 
spinal cord neurons involves y-aminobutyric acid,-gated chloride channel. J Pharma- 
col Exp Ther 24655g564, 1988 

57. Mooney HB, Ditman KS, Cohen S Chlordiazepoxide in the treatment of alcoholics. 
Dis Nerv Syst 22(suppl):44-51, 1961 

58. Moore M, Gray MG: Delirium tremens: A study of cases at the Boston City Hospital, 
1915-1936. N Engl J Med 220:953-956, 1939 

59. Morrow AL, Suzdak PD, Karanian JW, et al: Chronic ethanol administration alters 
aminobutyric acid, pentobarbital and ethanol-mediated %C1- uptake in cerebral cortical 
synaptoneurosoes. J Pharmacol Exp Ther 246358-163, 1988 

60. Nolop KB, Natow A: Unprecedented sedative requirements during delirium tremens. 
Crit Care Med 13:246-249, 1985 

61. Oldham AJ, Bott M: The management of excitement in a general psychiatric ward by 
high dosage of haloperidol. Acta Psychiatr Scand 47369-376, 1971 

62. OMalley SS, Jaffe AJ, Chang G, et al: Six-month follow-up of naltrexone and psycho- 
therapy for alcohol dependence. Arch Gen Psychiatry 53:217, 1996 

63. Pak Y, ODowd BF, George SR Agonist-induced desensitization of the opioid receptor 
is determined by threonine 394 proceeded by acidic amino acids in the COOH- 
terminal tail. J Biol Chem 27224961-24965, 1997 

64. Peng CT, Ger J, Yang CC, et al: Prolongued severe withdrawal symptoms after acute 
on chronic baclofen overdose. J Toxicol Clin Toxicol 36:4:359-363, 1998 

65. Piros E, Prather P, Law P, et al: Calcium channel and adenylyl cyclase modulation by 
cloned p-opioid receptors in GH, cells. Mol Pharmacology 471041-1049, 1995 

19(~~ppl):ll-l4, 1991 



288 OLMEDO & HOFFMAN 

66. Rathlev N, DOnorfrio G, Fish S, et al: The lack of efficacy of phenytoin in the 
prevention of recurrent alcohol-related seizures. Ann Emerg Med 23:513-518, 1994 

67. Reisine T, Pastemack G: Opioid analgesics and antagonists. In Hardman JG, Limbird 
LE, Molinoff PB, et a1 (eds): Goodman and Gillman’s The Pharmacological Basis of 
Therapeutics, ed 9. New York, Macmillan, 1996, pp 521-555 

68. Robins LN, Regier DA (eds): Psychiatric Disorders in America: The Epidemiologic 
Catchment Area Study. New York, The Free Press, 1991 

69. Rusin KI, Moises HC: k-Opioid receptor activation reduces multiple components of 
high-threshold calcium current in rat sensory neurons. J Neurosci 15:643154327, 1995 

70. Ryzen E, Wagers PW, Singer FR, et al: Magnesium deficiency in a medical ICU 
population. Crit Care Med 13:19-21, 1985 

71. Saitz R, Mayo-Smith MF, Roberts MS, et al: Individualized treatment for alcohol 
withdrawal. JAMA 272:7519-523, 1994 

72. Sanna E, Serra M, Cossu A, et al: Chronic ethanol intoxication induces differential 
effects on GABA, and NMDA receptor function in the rat brain. Alcohol Clin Exp Res 
17115-123, 1993 

73. Sellers EM, Naranio CA, Harrison M, et al: Diazepam loadinn: Simplified treatment of 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

alcohol withdrawh. Clin Pharmacol Ther 34822-826, 1983 
74. Smith FE, Palmer DL Alcoholism, infection and altered defenses: A review of clinical 

and experimental observations. J Chron Dis 29:35, 1976 
75. Snell LD, Tabakoff 8, Hoffman PL: Radioligand binding to the N-methyl-D-aspartate 

receptor / ionophore complex: Alterations by ethanol in vitro and by chronic in vivo 
ethanol ingestion. Brain Res 602:91-98, 1993 

76. Standaert DG, Young AB: Treatment of central nervous system degenerative disorders. 
In Hardman JG, Limbird LE, Molinoff PB, et a1 (eds): Goodman and Gillman’s The 
Pharmacological Basis of Therapeutics, ed 9. New York, Macmillan, 1996, pp 503-519 
Tamborska E, Marangos PJ: Brain benzodiazepine binding sites in ethanol dependent 
and withdrawal stat&. Life Sci 38:465472, 1986 
Tavel ME: A new look at an old syndrome: Delirium tremens. Arch Intem Med 

Tavel ME, Davidson W, Batterton TD: A critical analysis of mortality associated 
with delirium tremens: Review of 39 fatalities in a 9-year period. Am J Med Sci 
24258-69, 1961 
Thompson WL: Management of alcohol withdrawal syndromes. Arch Intern Med 
138:278-283, 1978 
Thompson WL, Johnson AD, Maddrey WL, et al: Diazepam and paraldehyde for 
treatment of severe delirium tremens: A controlled trial. Ann Intern Med 82:175-180, 
1975 
Victor M, Adams RD: The effects of alcohol on the nervous system. Res Pub1 Assoc 
Res Nerv Ment Dis 32:526-573, 1953 
Victor M, Brauch C: The role of abstinence in the genesis of alcohol epilepsy. Epilepsy 

Vinson DC, Menezes M: Admission alcohol level: A predictor of the course of alcohol 
withdrawal. J Fam Pract 33:161-167, 1991 
Wasilewski D, Matsumoto H, Kur E, et al: Assessment of diazepam loading dose 
therapy of delirium tremens. Alcohol 31:27>278, 1996 
Wilson A, Vulcano B: A double-blind, placebo-controlled trial of magnesium sulfate in 
the ethanol withdrawal syndrome. Alcohol Clin Exp Res 8:542-545, 1984 
Woo E, Greenblatt DJ: Massive benzodiazepine requirements during acute alcohol 
withdrawal. Am J Psychiatry 36:821-823, 1979 
Young GP, Rores C, Murohy C, Dailey RH: Intravenous phenobarbital for alcohol 
withdrawal and convulsions. Ann Emerg Med 16:847-850, 1987 

- 

109~129-134, 1962 

8:l-20, 1967 

Address reprint requests to 
Ruben Olmedo, MD 

New York Poison Control Center 
455 First Avenue, Room 123 

New York. NY 10016 


