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Toxic Ingestions
Maureen A. Madden

P

oisoning continues to be a significant cause of pediatric
injury. Five percent of all accidental childhood deaths
are related to poisoning. Methods of exposure to toxic
agents vary, with ingestions accounting for the majority of
exposures. I The 1998 Annual Report of the American
Association of Poison Control Centers Toxic Exposure
Surveillance System reported more than 2 miUion human
exposures to toxins that year. Fifty-three percent of the cases
involved children younger than 6 years of age. Males
predominated in the ingestions under age 13, whereas
teenage cases involved more females. I The majority of
the 755 fatalities were associated with ingestion and
inhalation exposures. Children younger than 6 years accounted for 2.1 % of the fatalities, whereas adolescents
accounted for 5.9%.
The substances involved most often in human exposure
are not the most toxic but the most readily accessible. Some
of the more common agents involved in pediatric exposures
are cosmetics, cleaning fluids, analgesics, plants, and cough
and cold preparations. Toxic effects do not often occur with
these substances because children usually do not ingest
amounts sufficient to produce toxicity.
Other agents ingested less often but that do not require
large exposures to produce toxic effects are barbiturates,
clonidine, iron, theophylline, antidepressants, alcohols, cocaine, and caustics. The ingestion ofthese substances causes
the greatest percentage of hospitalizations, intensive care
unit (rCU) admissions, and fatalities in pediatric poisonings.
Table 30-1 compares the most common with the most toxic
substances ingested.
Characteristics that place children at risk of ingestions differ for various age groups. Toddlers are newly
mobile, curious, and anxious to explore their environment through reaching, climbing, and tasting. They are
without suicidal intent. Usually only one substance is
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TABLE 30-1 Most Common Versus Most
Toxic Agents Ingested
rost Common"
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~osmetics

Analgesics
Antidepressants
Stimulants/street drugs
Cardiovascular drugs
SedativeslHypnotics
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Chemicals
Gases and fumes
Cleaning substances
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COMMON PRINCIPLES OF EMERGENCY
AND CRITICAL CARE MANAGEMENT
Initial evaluation of the patient in whom a toxic ingestion is
known or suspected includes establishing a patent airway,
effective ventilatory pattern, and adequate perfusion. Primary measures to stabilize the patient's condition are based
on the priorities of resuscitation. In the secondary phase of
evaluation, clinical signs that identify the toxin are observed, and appropriate treatment is initiated. Fig. 30-1
provides an algorithm for management of the patient with a
known or suspected toxic ingestion.

Toxidromes
After initial evaluation and stabilization, the examination
focuses on the assessment of the central and autonomic
nervous system; eye findings; changes in skin, oral, and
gastrointestinal (GI) mucosa; and odors. These areas represent the ones most likely affected in toxic syndromes. The
clinical syndromes, called toxidromes, comprise a constellation of signs and symptoms that suggest a specific class of
poisoning, Toxidromes help identify the toxin so that
appropriate treatment can be initiated in a timely manner.
The most common toxidromes are sympathomimetic, theophylline, sedati ve/hypnotic, opiate, anticholinergic, and
cholinergic. 3 -4 Table 30-2 presents the toxidromes with
associated symptoms and causative agents.

in order of frequency in human exposures.

involved, and the amount ingested tends to be small and
nontoxic. Toddlers often present for evaluation soon after
ingestion,
An increasing number of significant pediatric exposures
in children younger than 6 years of age involve ingestion of
a grandparent's or other elderly caretaker's medicine. These
agents, often in sustained-release dosage forms, tend to be
more toxic to children.
Most adolescent ingestions occur in the home and are
intentional rather than accidental. They are associated with
academic difficulties, social adjustment problems, failed
romances, family issues, or the death of a loved one.
Adolescent ingestions commonly involve multiple substances, they are a result of either suicide attempts or
substance abuse, and commonly a delay occurs between
ingestion and when medical attention is sought.
At present, 65 poison control centers serve 257.5
million of the estimated 270.3 million people living in
the United States. I Poison control centers have streamlined
the most efficient methods of diagnosing and treating
poisonings. Other significant contributions made by the
centers include education, prevention, research, and legislation, For example, the development of child-resistant
containers (resulting from the Poison Prevention Act of
1970) is credited with significant reduction in morbidity and mortality from accidental ingestions, particularly
aspirin products 2

Identification of Toxin
The goal of identification is to determine which patients are
at risk for toxic effects. An additional goal is to minimize
intervention for children not at risk for toxic effects because
the majority of pediatric ingestions result in no harm to the
child. 5 For the vast majority of patients, the clinical
condition rather than the specific ingredients of the ingestion
directs the management. This approach does not preclude
treating specific toxins or toxidromes, but rather enforces
the concept of basic clinical management and resuscitation
techniques. 6
A thorough history is obtained, including type and
amount of ingestion if known; the possibility of multiple
agents; time of ingestion; time of presentation; any history
of vomiting, choking. coughing, or alteration in mental
status; and any interventions performed before presentation
at the medical facility, Regardless of the history of the
substance ingested by a child or adolescent, serum and urine
toxicology screens may be necessary to rule out the
possibility of unknown ingestants, Appropriate laboratory
studies include basic serum chemistry studies in symptomatic patients, confirmation of suspected toxins, and the
determination for the need of specific antidotal therapy. Toxicologic analysis in children is most valuable to
identify serum drug levels, but unexpected findings rarely
lead to changes in management. 7 •8 Suicide attempts include evaluation for unreported agents, including salicylates and acetaminophen. because most adolescents with
suicidal intent are unreliable when reporting ingested
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Airway protection and immobilization
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Gastric tube placement
~
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~

Lavage and/or charcoal when indicated
~

Ongoing supportive therapy

Fig. 30·1

TABLE 30-2
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Management of the patient with a suspected toxic ingestion.

Toxidromes
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Symptoms

Causative Agent

;,ympathomimetic
(stimulant)

Restlessness, excessive speech and motor activity, tremor,
insomnia, tachycardia, hyperthermia, mydriasis,
hallucinations

Amphetamines
Phencyclidine (PCP)
Cocaine
Other stimulants
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Sedation, confusion, delirium, hallucinations, coma, paresthesia, diplopia, hlurred vision, slurred speech, ataxia,
nystagmus

Barbiturates
Benzodiazepines

Altered mental status, miosis, unresponsiveness, shallow
respiration, bradypnea, bradycardia, hypotension,
decreased bowel sounds, hypothermia

All narcotic agents
Heroin
Clonidine

Fever, flushing, tachycardia, urinary retention, dry skin,
blurred vision, mydriasis, decreased bowel sounds,
ileus, myoclonus, psychosis, hallucinations, seizures.

Some mushrooms
Cyclic antidepressants
Antihistamines
Atropinics
Over-the-counter sleep preparations

coma

~: ..

I-~

Tachycardia, hypotension, cardiac dysrhythmias, tachypnea, agitation, seizures, vomiting with epigastric pain

bolinergic

Salivation, lacrimation, urination, defecation, emesis,
diarrhea, bradycardia

Organophosphates
Insecticides
Some mushrooms
Severe black widow spider bites
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agents. There is limited data and information to distinguish
lethal concentrations of certain drugs and toxic substances
in children. 5 ,9.IO

The Unknown Toxin
When the name or the amount of a poison ingested is
unknown, the incident is unwitnessed, or the history is
vague, the child is treated as though a harmful substance
was consumed. If elements of the history provided are
contradictory or questionable, it is especially important to
rule out the possibility of trauma as a cause of the patient's
physical injuries. Physical assessment focuses on the potential for unreported traumatic injuries, as well as significant
details related to the ingestion, and a clinical presentation
that suggests a toxidrome. The availability of antidotes such
as naloxone (Narcan), glucose, oxygen, diphenhydramine
(Benadryl), physostigmine, digoxin immune Fab (Digibind), methylene blue, deferoxamine, N-acetylcysteine
(NAC) (Mucomyst), calcium gluconate, and glucagon is
necessary when the ingestion of a toxic substance is suspected. 10, I J The local poison control center can provide
details regarding the indications and guidelines for use of
these antidotes, Further emergency and critical care management is guided by the principle of simultaneous stabilization, diagnosis, and treatment.
Further management focuses on GI decontamination.
Once the ingestant is correctly identified, the management
can focus specifically on principles related to that toxin.

Gastrointestinal Decontamination
Reducing the life-threatening potential of an ingested
substance is an early treatment goal and depends on the
effectiveness of several different treatment modalities.
These modalities may include decreasing absorption of the
toxin, altering metabolism, increasing elimination of the
ingested substance, or administering a specific antidote or
other suitable therapy.12
Decreasing Absorption
Gastric Emptying. The best gastric emptying technique to employ depends on clinical status. An individualized approach based on the timing of ingestion, type of
substance, and amount of the ingested substance in conjunction with the clinical status will dictate treatment decisions.
Gastric emptying is performed when a benefit is anticipated and one of the following conditions exist: the
substance does not bind to activated charcoal, it is difficult
to remove by gastric lavage (e.g" large pills), the opportunity to use activated charcoal is significantly delayed, or the
child presents within I hour of ingestion with significant
central nervous system (CNS) symptoms. Gastric emptying
has limited benefit if attempted more than I hour after
ingestion because most toxins have already been absorbed
or passed through the pylorus. Ipecac-induced emesis and
gastric lavage are two techniques used for gastric emptying.
Ipecac. when recommended, is the agent of choice for
forced emesis, Ipecac is very useful in the home for

immediate treatment of accidental ingestions. However, it is
no longer favored in the clinical setting because it causes
significant delay in the administration of activated charcoal
because of prolonged vomiting. Ipecac acts as both a local
gastric irritant and a central stimulant, triggering the
vomiting center in the reticular formation. The result is
coordinated muscular activity of the stomach and small
intestine, producing emesis, Dosages of 10 ml for infants
older than 6 months, 15 ml for children 1 to 12 years, and
30 ml for children older than 12 years usually produce
emesis in 20 minutes. 13
Ipecac is contraindicated in infants younger than 6
months of age, with the ingestion of strong caustics (acids or
alkalis) or hydrocarbons, and in the presence of neurologic
impairment. Other contraindications are loss of the gag
reflex and ingestion of agents likely to cause rapid onset of
CNS depression or seizures (e.g., clonidine, cyclic antidepressants, lindane, cocaine, and isoniazid).
Gastric lavage evacuates the stomach and augments
decontamination in the presence of residual toxins. The
substance is flushed through a large-bore nasogastric or
orogastric tube (28 to 38 Fr) with room temperature fluids
until the yield is clear. The tube size required for effective
lavage may be too large for pediatric patients; the largest
bore tube, known as an Ewald tube, can be placed only in
adolescents, Tracheal intubation precedes lavage for patients in whom the gag reflex is diminished and ability to
protect the airway is compromised to avoid the hazards of
vomiting and subsequent aspiration.
Gastric lavage is no longer considered the standard of
care in pediatric patients. There is a lack of strong clinical
evidence supporting the efficacy of lavage in improving
outcomes of poisoned patients. But gastric lavage is still
recommended if the amount ingested is very large, if
presentation takes place within I to 2 hours of ingesting
agents that delay gastric emptying (e.g., barbiturates,
anticholinergic drugs), if sustained-release and insoluble
compounds have been ingested, or if the agent is particularly
toxic 2 ,13,14 Because activated charcoal is very effective, it is
given at the initiation of the lavage procedure and possibly
repeated at its conclusion. Gastric lavage is contraindicated
with caustic and hydrocarbon ingestions.
Activated Charcoal. Activated charcoal reduces absorption of a toxin by binding with it in the GI tract. It is best
administered by nasogastric or orogastric tube to small
children who may refuse to drink it because of its poor
palatability and gritty texture. The commonly recommended
dose of I g/kg may result in undertreatment with pediatric
ingestions, but alternative recommendations depend on
knowledge of the amount ingested. If the amount ingested is
known, a total charcoal dose is administered, determined by
a charcoal to ingestant ratio of 10 g: I g, The total volume of
fluid required to achieve this dose may require division into
smaller aliquots (15 to 25 g) given every I to 2 hours. The
extended dosing regimen may provide for increased efficacy
in preventing absorption of sustained-release agents. When
the amount of the ingestant is unknown, then a dose of
I g/kg is recommended. Preparations of IS g, 25 g, or 50 g
of acti vated charcoal are commercially available. Adminis-
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tration of the entire premixed preparation that most closely
approximates the child's weight is reasonable and often
meets or exceeds the recommended I glkg dose.
Activated charcoal binds all organic substances but is not
effective with alcohols and glycols, hydrocarbons, caustics,
heavy metals such as lead, mercury, lithium, and arsenic, or
agents with rapid onset. 15 Ideally, charcoal is administered
within 2 hours of the ingestion. The first dose of activated
charcoal is most effective in children when combined with
a properly dosed cathartic such as sorbitol. Once bound to
the charcoal, sorbitol propels the toxin rapidly through the
intestinal tract, decreasing intestinal transit time. Subsequent doses of activated charcoal are administered without
cathartics to avoid severe diarrhea, fluid shifts, and electrolyte abnormalities, resulting in complications such as
hypernatremia and seizures.
The patient's ability to tolerate charcoal varies. Charcoal
administration is usually followed by periods of vomiting, especially when it has been preceded by ipecac or
when given with sorbitol. It is difficult to determine
whether nausea has subsided in young children who are
unable to completely describe physical symptoms. The
potential hazards of vomiting and aspiration are significant
for patients with diminished ability to protect the airway, and intubation is indicated before administration of
charcoal.
Priorities for patients who receive charcoal include
positioning in left lateral decubints with the head of the bed
elevated, ensuring that suction is readily available to protect
the airway if vomiting occurs, and immobilizing the child to
maintain intravenous patency and the position of the gastric
tube. The presence of bowel sounds is assessed before
administering charcoal because absent bowel sounds may
indicate development of an ileus or obstruction. Charcoal is
contraindicated in these situations.
Enhancing Elimination. Multiple-dose activated
charcoal has been shown to enhance elimination of certain agents. This is a separate role for activated charcoal
in addition to preventing absorption. Repeated dosing
has been shown to enhance elimination of toxins by
interrupting hepatic recirculation of the ingested drug or
its metabolites, adsorbing after initial absorption, or
adsorbing tOltins secreted across the gastric membrane
into the bowel lumen by a GI dialysis effect. This role is
well described for several drugs, such as theophylline,
phenobarbital, salicylates, carbamazepine, and phenytoin.
Drugs in a bound state adsorbed to activated charcoal are
nontoxic. 15
Whole Bowel irrigation. Whole bowel irrigation has
emerged as a new modality to augment gastric decontamination, particularly for sustained-release or enteric-coated
preparations, drug-filled packets, and ingestions not adsorbed to activated charcoal (i.e., heavy metals). A polyethylene glycol-balanced electrolyte solution (Golytely or
Colyte) hastens the evacuation of substances from the GI
tract without creating fluid and electrolyte shifts. The
irrigating solution is infused via a nasogastric tube at a rate
of 15 to 40 mllkg/hr and continued until the rectal effluent
is clear or until radiopaque tOltins disappear or pass into
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the cecum on a kidney-ureter-bladder film. Whole bowel
irrigation is contraindicated with bowel obstruction, perforation, or ileus 5
Alkaline Diuresis. Forced diuresis with alkalinization
of urine pH may enhance the removal of toltins that are
weak acids via ion trapping. Alkalinization of urine will
shift the acid-base equilibrium of weak acids from the
uncharged state to ions that do not readily cross cell
membranes. This causes the ions to be trapped in the renal
tubular lumen, reducing reabsorption and enhancing excretion. Urinary alkalinization is accomplished by administering intravenous sodium bicarbonate until the urine pH
approaches 7.5. The intravenous solution is infused at a rate
of 1.5 to 2 times maintenance volume for the patient to
maintain urine output at a minimum of 2 ml/kg/hr. Alkaline
diuresis has been predominately used to enhance elimination of salicylates and phenobarbital. 5 . 12 This technique is
limited by the risk of intravascular volume depletion and
potential for excessive alkalinization.
Extracorporeal Methods. Extracorporeal methods
of drug removal are useful in certain life-threatening
ingestions when substantial absorption of the toxin has
already occurred. Methods of extracorporeal drug removal
include peritoneal dialysis, hemodialysis, hemoperfusion,
and plasmapheresis. The decision to use extracorporeal
removal techniques is based on the clinical features of the
poisoning. Dialysis or hemoperfusion is considered when
the child's condition progressively deteriorates despite
intensive supportive therapy. These techniques are highly
invasive and have proven to be beneficial with a limited
number of toxins.
Dialysis eliminates toxic substances by movement of
solutes across a semipermeable membrane as a result of a
concentration gradient. The effectiveness of peritoneal
dialysis and hemodialysis depends on the molecular weight,
lipid-water solubility, protein-binding properties, time of
ingestion, and plasma concentration of the toxin. Peritoneal
dialysis is far less effective than hemodialysis and is used
only occasionally in acute ingestions. Hemodialysis has
proven to be effective in enhancing elimination of salicylates, ethylene glycol, methanol, lithium, and isopropanol.!3
Hemoperfusion involves the passage of blood over an
adsorbent matrix material of charcoal or resin. Although
hemoperfusion is preferred over hemodialysis for several
toxins, hemodialysis is more readily initiated and is often
used instead. Hypotension and thrombocytopenia are potential complications of hemoperfusion. Plasmapheresis separates harmful substances from the plasma by continuous
centrifugation. Substances that are eliminated best by this
method have small volumes of distribution and tight plasma
protein-binding properties.
The sections that follow detail the care of children who
have ingested potentially harmful toxic substances. Pharmaceutical agents include acetaminophen, barbiturates, carbamazepine, c1onidine, iron, theophylline, and cyclic antidepressants. Nonpharmaceutical agents discussed are the
alcohols (methanol, ethylene glycol, isopropanol, and ethanol), drugs of abuse (cocaine, heroin, methadone, and
phencyclidine [PCP]), and household toxins (caustics and
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TABLE 30-3 Systems Most Commonly
Affected by Pharmaceutical Toxins

~
.

TABLE 30·4 Systems Most Commonly
Affected by Nonpharmaceutical Toxins

Agent

Systems Involved

Agent

Acetaminophen
Barbiturates

Hepatic
Neurologic
Cardiovascular
Renal

Alcohols
Methanol
Ethanol
Isopropyl alcohol

Carbamazepine

Neurologic
Cardiovascular
Hepatic
Renal

Ethylene glycol

Neurologic
Cardiovascular
Respiratory
Renal

Caustics

Gastrointestinal

Hydrocarbons

Respiratory
Neurologic
Cardiovascular
Hepatic
Renal

Clonidine

Neurologic
Cardiovascular

Iron

Cardiovascular
Neurologic
Metabolic
Hepatic
Renal
Gastrointestinal

Theophylline

Cardiovascular
Neurologic
Gastrointestinal
Metabolic

Cyclic antidepressants

Neurologic
Cardiovascular

Systems Involved

Neurologic
Neurologic
Neurologic
Cardiovascular
Gastrointestinal
Renal

Acetaminophen

1~taminoPhen

Acetaminophen sUlfa{
(Nontoxic)

hydrocarbons). Tables 30-3 and 30-4 list these substances
and also indicate the body system(s) most often affected.
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Cytochrome P-450
chain

I \

Nontoxic state

I

Acetaminophen
Etiology/Incidence. Acetaminophen is used commonly as an antipyretic and analgesic in the pediatric
population and is contained in more than 100 products. Its
availability in the home makes it more accessible to children
than other household products. It is one of the most common
drugs associated with intentional and accidental overdoses.
Acetaminophen ingestions are potentially more harmful in
adolescents than in young children because the quantity
consumed is usually greater. Therefore adolescents are two
times more likely to manifest toxic blood levels and six
more times more likely to develop hepatotoxicity than are
young children. 16
Pathogenesis. Acetaminophen reaches peak serum
levels 30 minutes to 4 hours after administration. I? However, peak plasma levels may not occur with an overdose
until 4 or more hours after ingestion, especially with
extended release or combination products that include
agents that slow gastric motility.
The toxic dose of acetaminophen after a single acute
ingestion is 150 mg/kg for children and approximately 7 g
for adults. Acetanlinophen is rapidly absorbed from the
stomach and small intestine and is normally metabolized by

glucuronide
(Nontoxic)

Glutathione

I

Mercapturic acid
(Nontoxic)

Overdose

\

1 Glutathione stores

\

Toxic intermediate
metabolites

\

Hepatocellular
damage
Fig. 30·2 Metabolism of acetaminophen. (From Agran PF, Zcnk
KE, Romansky SG: Acute liver failure and encephalopathy in a
15 month old infant, Am J Dis Child 137:1107-1114,1983.
© American Medical Association.)

conjugation in the liver to nontoxic agents, via sulfate and
glucuronide conjugates, which are then eliminated in the
urine (Fig. 30-2). Toxic amounts overwhelm the normal
pathway of metabolism, resulting in metabolism in the liver
through the mixed function oxidase cytochrome PA50
system to a toxic metabolite, N-acetyl-p-benzoquinoneimine (NAPQI). Normally, NAPQI, a free radical, is
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detoxified by conjugation with glutathione to form the
nontoxic and renally eliminated mercapturic acid. In overdose, the sulfation increases ultimately causing depletion of
glutathione stores. The depletion of glutathione inhibits
normal formation of the nontoxic mercapturic acid; the toxic
NAPQI accumulates and binds to vital proteins and the lipid
bilayer of hepatocytes. This results in hepatocellular death
and subsequent centrilobular liver necrosis. 18 Hepatotoxicity becomes evident when aspartate transaminase (AST),
alanine aminotransferase (ALT), bilirubin, and prothrombin
time (PT) are elevated. There is a delayed toxicity associated
with acetaminophen and the elevation in liver function
studies is usually not evident until 24 to 72 hours after
ingestion.
The course of acetaminophen toxicity is generally
di vided into four phases. Phase I occurs up to the first 24
hours following ingestion. The patient is usually asymptomatic during this phase. The physical assessment of the
patient may reveal symptoms induding anorexia, nausea,
vomiting, malaise, and diaphoresis. Young children often
vomit earlier than older children and rarely exhibit diaphoresis. Abnormalities in AST, ALT, bilirubin, PT, or international normalized ratio (INR) are not seen. The risk of
toxicity can be determined by plotting a 4-hour-afteringestion acetaminophen level on the Rumack-Matthew
nomogram (Fig. 30-3). This nomogram should not be relied
on to accurately assess the risk of toxicity following
multiple acetaminophen ingestions, extended-release formulations, chronic ingestions, or coingestion of multiple
agents.
Phase 2 occurs 24 to 72 hours after ingestion. The patient
may appear to feel better and exhibit decreasing symptoms
of phase I. However, AST, bilirubin, and PT/INR begin to
increase and right upper quadrant abdominal pain may occur
if antidotal treatment has been delayed or not initiated.
Phase 3 begins 72 to 96 hours after ingestion. Jaundice,
coagulopathy, hepatic encephalopathy, recurrence of nausea
and vomiting occur with a tender hepatic edge present.
Hepatotoxicity is indicated by significantly elevated AST
(>1000 lUlL), ALT, bilirubin, PT, and INR. Peak elevation
of AST occurs during this phase.
Phase 4 has complete resolution of symptoms or complete resolution of organ failure, occurring typically 7 days
to 3 weeks after ingestion. The majority of patients with
acetaminophen overdose survive with supportive care in
conjunction with antidotal therapy. However, approximately
4% of patients who develop severe hepatotoxicity go on to
develop hepatic failure, with less than half resulting in death
or transplantation. 18
Critical Care Management. A reliable history is
obtained to determine the time of the poisoning and to rule
out the possibility of coingestants. Activated charcoal with
sorbitol is recommended to prevent development of a toxic
serum level. A serum acetaminophen level is drawn 4 hours
after ingestion. If the time of ingestion is unknown or
exceeds 8 hours, a level is drawn and empiric antidotal
therapy with NAC is initiated.
If the serum level of acetaminophen exceeds 150 mg/L at
4 hours after ingestion (possible hepatic toxicity on the
nomogram), NAC (Mucomyst) is administered. NAC acts
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Fig. 30-3 Acetaminophen toxicity nomogram. Area above line
indicates probable hepatotoxic reaction. Area below line indicates
no hepatotoxic reaction. (From Rumack BH, Peterson RC, Koch
CG et al: Acetaminophen overdose, Arch Intern Med 141:380,
1981. ©1981, American Medical Association.)

as a chemical substitute for glutathione by providing
sulfhydryl groups to detoxify NAPQI so it does not bind to
hepatic macromolecules. NAC is diluted to a 5% concentration before administration. It can be mixed with a citrus
or carbonated beverage to decrease its pungent smell and is
administered orally or by lavage tube. Small children may
be at risk of fluid overload or hyponatremia with the 5%
dilution. If vomiting occurs within I hour after administration, the dose is repeated.
NAC is very effective when administered within 24
hours of toxic acetaminophen ingestion, with optimal
benefits seen when administered within 8 hours of ingestion.
The initial enteral dose of NAC is 140 mg/kg, followed by
70 mg/kg every 4 hours for a total of 17 doses 19 It has
recently been shown to reduce morbidity and mortality, even
if presenting greater than 24 hours postingestion with
evidence of hepatotoxicity. The optimal dose or dosing
frequency in this situation is unknown, so the conventional
dosing guidelines are used. The endpoint of maintenance
(70 mg/kg every 4 hours) dosing is resolution of laboratory
abnormalities or death. For extended-release acetaminophen, levels are obtained at 4 and 8 hours after ingestion.
NAC is initiated if either level is above the lower line on the
nomogram. An intravenous form is available in Canada and
Europe but is available only as an investigational drug in the
United States. Intravenous administration may be indicated
if persistent vomiting exists. The 20% NAC enteral preparation may be diluted to a 3% solution with D5W and
administered intravenously by filtration through a 0.22micron filter. 18
Liver function studies and neurologic status are monitored to assess for signs of hepatic encephalopathy. Altered
mental status in the presence of elevated liver enzymes can
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progress to hepatic coma and death in severe acetaminophen
ingestions.

Barbiturates
Etiology/Incidence. Barbiturates are a class of
sedative-hypnotic agents and include phenobarbital and
pentobarbital. Indications for prescribed use include induction of sleep, sedation, and inhibition of epileptiform
activity. Barbiturates are classified according to their
duration of action: ultrashort, short, intermediate, or long
acting (Table 30-5). In this drug class, barbiturates that are
highly lipid soluble have a more rapid onset and a shorter
duration of action, as well as a greater degree of hypnotic
activity compared with those that are less lipophilic.
Duration of action, however, does not correlate with the
serum half-life of these medications. 20
CNS effects are related to the brain tissue concentration
of barbiturate. The effect of barbiturates is primarily on the
CNS through inhibition of neurotransmission across neuronal and neuroeffector junctions. Therapeutic doses of
barbiturates do not produce toxic effects unless used in
combination with other medications or alcohol. Approximately three times the therapeutic dose of a barbiturate is
necessary to produce the side effects of overdose.
Pathogenesis. Barbiturates have a very narrow therapeutic index (i.e., the difference between an effective dose
and a lethal dose is small). Barbiturates are usually taken
orally. When taken with liquids, absorption is hastened;
when taken with food, absorption is slowed. Serum levels
are only somewhat indicative of toxicity because of the
discrepancy between plasma and brain tissue concentration.
Patients most at risk for death are those who are not treated
despite elevated serum levels: greater than or equal to 3
mg/dl for short-acting barbiturates, greater than or equal to
7 mg/dl for intermediate-acting barbiturates, and greater
than or equal to 10 mg/dl for long-acting barbiturates? I
Short-acting barbiturates, particularly those with high lipid
solubility, are considered more toxic than the longer-acting
forms?O Short-acting agents are absorbed in the small
intestine and transformed in the liver to inactive metabolites,
which are excreted predominantly in urine. Phenobarbital, a
long-acting agent, is only partly metabolized in the liver.

TABLE

30·5 Classification of Barbiturates

by Duration of Action
Short to
Intermediate

trom
~

~

Ultrashort

Amobarbital

Hexobarbital

Butabarbital
sodium

Methohexital
sodium

Pentobarbital
sodium
Secobarbital

Thiopental sodium

Bertino JS. Reed MD: Barbiturate and nonbarbiturate sedative
'ypnolic intoxication in children, Pediatr Clio North Am 33:705. 1986.

..

At toxic levels, barbiturates primarily act as depressants
of the CNS and cardiovascular system. The medication,
dose, and route of ingestion influence the effect of the
overdose on the child. In addition, children metabolize
barbiturates faster than adults. The initial signs and symptoms of toxicity are slurred speech, ataxia, lethargy,
nystagmus, headache, and confusion or coma. As toxicity
becomes more severe, deep tendon and brain stem reflexes
may be depressed, but this usually occurs well after
respiratory depression occurs. Shock may occur secondary
to medullary depression, peripheral vasodilatation, or diminished myocardial contractility. Other findings may
include hypoglycemia, hypothermia, and bullous skin lesions 20 The child may demonstrate miosis early, with a
common late presentation of dilated pupils unresponsive to
light. Early deaths occur as a result of respiratory arrest,
cardiovascular dysrhythmias, and circulatory collapse,
whereas delayed deaths are due to acute renal failure,
aspiration pneumonitis, pulmonary edema, and cerebral
edema.
Respiratory dysfunction results from depression of the
respiratory control centers in the brainstem. The neurogenic
drive to breathe may be obliterated and the mechanisms
that affect respiratory rhythm may be altered. As respiratory depression continues, hypoxemia and hypercarbia
develop. The cough reflex may be suppressed, and the child
may experience laryngospasm resulting from inhibition of
smooth muscle activity.
Critical Care Management. Management of a patient with a suspected barbiturate overdose, as with any CNS
depressant, begins with an assessment and stabilization of
the airway. Once the airway is protected, whether with
intubation or an active gag reflex, gastric emptying by
lavage can be attempted, followed by administration of
acti vated charcoal and a cathartic. If phenobarbital is
identified as the toxic agent, multiple doses of activated
charcoal may be administered.
If warranted by inadequate gas exchange, the unconscious patient is placed on mechanical ventilation. For the
patient who presents in shock, aggressive intravascular
volume replacement is begun with crystalloid fluid (20
mllkg). Assessment for adequate renal function is essential.
Cardiovascular and nervous system dysfunction is
treated primarily with supportive care. Temperature is assessed regularly to prevent hypothermia-induced ventricular
fibrillation. If the child is hypothermic, the first line of
treatment is to prevent further heat loss.
Respiratory dysfunction is managed by ensuring a patent
airway and adequate gas exchange. Assessment of arterial
blood gases and serum pH guides intervention. The presence
of aspiration pneumonitis requires treatment with antibiotic
therapy.
Cardiovascular dysfunction treatment includes volume
replacement as needed. If volume replacement does not
resolve hypotension, continuous infusion of dopamine (I to
20 llg/kg/min) or dobutamine (2 to 12 llg/kg/min) may be
required.
With phenobarbital, alkalinization of the urine (maintaining urine pH >7.5) with sodium bicarbonate is helpful
with excretion. This is best accomplished by intravenous
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administration of I to 2 mEq/kg of sodium bicarbonate
followed by 2 to 4 mEqlkg over the next 6 to 12 hours.
Although, alkalinization without forced diuresis remains common, recent studies comparing multiple-dose
activated charcoal to alkalinization have shown that
multiple-dose activated charcoal is far more effective in
shortening the elimination half-life?" It is important to
maintain urine output at greater than I mUkg/hr; therefore
forced diuresis may be necessary in renal dysfunction.
Forced diuresis is accomplished by administration of one
or more fluid challenges followed by intravenous furosemide (I to 2 mg/kg). Overdose of long-acting barbiturates (phenobarbital) may respond well to hemodialysis
or hemoperfusion because the lower protein-binding capability allows them to be removed via these techniques.
Extracorporeal elimination is considered only for patients
whose clinical condition is deteriorating despite aggressive
therapy.22

Carbamazepine
Etiology/Incidence. Carbamazepine (Tegretol) is
used for treatment of partial complex and tonic-clonic
seizures, trigeminal neuralgia, and bipolar affective disorder. Carbamazepine inhibits sodium channels by reducing
their ability to recover from inactivation, preventing another
action potential, thereby raising the seizure threshold. It is
structurally related to cyclic antidepressants, exhibiting
similar clinical symptoms including CNS and respiratory
depression, anticholinergic symptoms, and cardiac conduction abnormalities. Carbamazepine is available for oral
administration in tablets, caplets, extended-release, and
suspension formulations.
Pathogenesis. A normal therapeutic loading dose of
carbamazepine is 5 to 10 mg/kg. Any ingestion above this
range is considered toxic. Carbamazepine is lipophilic with
an erratic absorption. There is no simple correlation between
drug dose and plasma concentration. Peak levels usually do
not occur for 3 to 8 hours after ingestion and may occur as
long as 24 hours after ingestion with a large overdose. The
length of therapy (single dose versus long-term therapy), the
patient's age, and interactions with other medications
influence plasma drug concentration. Also, children metabolize carbamazepine more rapidly than adults. Carbamazepine metabolism is increased when administered with
phenobarbital and phenytoin and decreased with erythromycin. Therapeutic serum concentrations differ, depending on
whether carbamazepine is used alone or in conjunction with
other medications. For single-drug therapy, a therapeutic
level of carbamazepine is 4 to 12 ~g/ml. When used with
other antiepileptic medications, a serum concentration of 4
to 8 ~g/ml is the therapeutic range?J Serum levels poorly
correlate with toxicity. Treatment of overdose is based on
the patient's clinical condition rather than the serum level.
Table 30-6 correlates the stages of intoxication with serum
levels and signs and symptoms.
Carbamazepine is metabolized by the liver via oxidation
and conjugation, into a pharmacologically active metabolite
with some inactive products, and excreted in the urine.
Carbamazepine exerts some anticholinergic effects, delay-
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ing gastric emptying time. Following acute ingestion, the
CNS and cardiovascular systems are the most affected, with
some hepatic and renal system involvement.
Carbamazepine toxicity produces prominent neurologic
signs and symptoms. In mild to moderate toxicity, nystagmus, drowsiness, and ataxia are common 24 At higher serum
concentrations, symptoms in children include dystonia,
choreoathetosis, seizures, and stupor. Other clinical symptoms of toxicity include nausea, vomiting, respiratory
depression, hypothermia, and coma. The patient's neurologic status may wax and wane following carbamazepine
overdose, with increased absorption in stage 4, when normal
peristalsis resumes.
Cardiac conduction delays, dysrhythmias, and hypotension indicate cardiovascular system dysfunction. These
effects are the result of the fact that carbamazepine chemical
structure is similar to that of cyclic antidepressants.
Acute hepatic dysfunction occasionally occurs following
carbamazepine overdose. Alteration in renal function may
include hyponatremia and syndrome of inappropriate antidiuretic hormone (SIADH). These side effects can be
present with long-term administration of carbamazepine and
aggravated by overdose.
Critical Care Management. Upon presentation, assessment of the airway is made and stabilization with
intubation is performed, especially if CNS depression is
present. Emesis is not used with carbamazepine, but gastric
lavage may be performed once a secure airway is present
and if the child presents within I hour of ingestion.
Multiple-dose activated charcoal is the therapy of choice in
carbamazepine overdose. Repeated doses are recommended
because the serum half-life of carbamazepine may be
reduced by as much as 50% with this therapy, which
decreases enterohepatic recirculation and increases elimination 25 Catharsis is not recommended because of the
potential for increased systemic absorption as a result of
increased drug distribution throughout the GI tract.26

1Jl.

30·6 Stages of· Carbamazepine
Overdose With Serum Level and
Clinical Signs

TABLE

Serum Level

liii,: I

11

>25

~g/ml

Iii'

~JII

Clinical Signs
Stupor or coma. abnormal
pupillary reaction to light.
respiratory depression

15-25 Ilg/ml

Irritability, combativeness,
choreiform movements.
hallucinations

![,I1I

11-15 ~g/ml

Nystagmus, drowsiness. ataxia

~~:IV

<II j.lg/ml

Normal mental examination,
mild atax ia, may relapse to
earlier stages

~:;

11
iM.....,

liP
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The need for intensive monitoring is anticipated following significant ingestions of carbamazepine. Children are
monitored in the ICU until their condition has remained
stable for 24 hours because of the risk of relapse during
stage 4 with increased reabsorption. Concretions of carbamazepine are suspected when plasma levels rise or the
manifestation of symptoms is delayed?3 An abdominal
radiograph is performed to confirm this diagnosis, and
surgical intervention with gastrotomy may be necessary.
Neurologic dysfunction with respiratory depression may
require tracheal intubation and mechanical ventilation. The
combative patient is protected from injury. Paradoxic
seizures may occur with toxic carbamazepine levels and are
treated with benzodiazepines or phenobarbital. 27
Cardiovascular dysfunction is assessed by ECG monitoring for conduction delays and dysrhythmias and hemodynamic monitoring for hypotension. Hypotension is treated
with fluid boluses, and if unresponsive to fluid, vasopressors
are initiated.
Alteration in hepatic function is assessed by liver
function studies. Conventional therapy, including monitoring serum glucose levels and administration of clotting
factors for prolonged clotting time, is recommended for
hepatic dysfunction. Carbamazepine can be removed by
charcoal hemoperfusion, but this therapy is reserved for
patients who are not responding to multiple doses of
activated charcoal or who are clinically worsening even
with aggressive management. 4
At high carbamazepine levels, vasopressin secretion can
be stimulated, leading to fluid retention, SIADH, and
hyponatremia. Monitoring of serum electrolytes, particularly sodium and for adequate urinary output, is necessary to
identify SIADH. Treatment with water restriction and
sodium supplementation is initiated promptly.

Clonidine
Etiology/Incidence. Clonidine is the most commonly used centrally acting antihypertensive and is now
indicated for migraine headache prophylaxis; attention
deficit/hyperactivity disorder; Tourette's syndrome; and
management of opioid, ethanol, and nicotine withdrawal.
Clonidine can cause significant toxicity in children. Clonidine centrally stimulates postsynaptic a-adrenergic receptors, which inhibits sympathetic discharge and produces
decreased peripheral vascular tone, heart rate, stroke volume, and cardiac output. 28 Clonidine also inhibits uptake of
norepinephrine by neuronal tissues, producing CNS depression. Clonidine is available in 0.1-, 0.2-, and 0.3-mg tablets
and transdermal patches. The transdermal patches contain
2.5, 5.0, or 7.5 mg of clonidine and are designed to release
0.1, 0.2, or 0.3 mg of clonidine per day over a period of
1 week. 29
Pathogenesis. Clonidine is well absorbed from the
Gl tract, metabolized by the liver, and excreted unchanged
primarily in urine. Its effects are evident 30 to 60 minutes
after ingestion and peak approximately 2 to 3 hours
following oral administration, with effects up to 8 hours.
Antihypertensive effects are present for as long as 24 hours

following an oral dose. Overdose in children has been
documented with as little as a O.I-mg dose or by dermal
exposure, mouthing, or ingestion of a transdermal patch. A
discarded transdermal patch contains enough clonidine to
produce overdose symptoms in a child.
Clonidine overdose invol ves an exaggeration of the
clonidine pharmacologic properties primarily affecting the
CNS and the cardiovascular systems. The majority of
children develop symptoms within 1 hour of a clonidine
overdose. There is no progression or development of
symptoms or toxic effects more than 4 hours after presentation to the hospital. 30
CNS dysfunction mimics narcotic overdose, where
miosis, coma, and respiratory depression are the hallmarks.
Symptoms vary from lethargy, somnolence, stupor, or coma,
and are postulated to be from inhibition of the uptake of
norepinephrine by the neurons, which then blocks noradrenergic activity?] Patients who are severely obtunded
may have decreased ventilatory effort and hypoxia and may
require intubation and mechanical ventilation to maintain
adequate respiratory effort. Other CNS symptoms include
hypothermia, which is attributed to a-adrenergic receptor
stimulation of the serotonin-acetylcholine pathways, causing decreased metabolic heat production and increased heat
loss?9 Cool, pale skin is presumed to be the result of
vasoconstriction. Hypotonia, hyporeflexia, and irritability
may also be seen.
Cardiovascular system dysfunction depends on the
plasma level of clonidine. Serum levels of higher than 10 to
15 mg/ml stimulate the release of norepinephrine, which
causes the peripheral a-receptors to vasoconstrict, resulting
in transient hypertension. The hypertensive phase is shortlived because clonidine overdose triggers a centrally mediated sympathetic inhibition causing hypotension. Patients
with a serum level lower than 10 mg/ml present with
normotension or hypotension. Sinus bradycardia, a known
side effect, is commonly noted in children with clonidine
overdose?O Conduction abnormalities including first-degree
heart block and second-degree atrioventricular block are
seen in both overdose and therapeutic dosing. Patients with
underlying conduction dysfunction and the very young are
most at risk for sinus bradycardia and conduction delays.28
Critical Care Management. If clonidine ingestion is
suspected, emesis is contraindicated because of the risk of
rapid CNS and respiratory depression. Activated charcoal
administration with or without prior gastric lavage can be
considered if instituted early. Gastric lavage has limited
utility because clonidine is rapidly absorbed and patients
typically present following the onset of symptoms.
Appropriate therapy focuses on respiratory and hemodynamic status. Most clonidine overdoses respond well to
supportive measures. If hypotension and shock are present,
the child is treated with infusion of 20 ml/kg of intravenous
fluid and placed in the Trendelenburg position. If signs of
shock do not resolve with those measures, an infusion of
dopamine (5 to 10 ~g/kg/min) is begun.
Patients usually require supportive and symptomatic
treatment in the critical care setting for less than 24 hours
following clonidine overdose. Careful monitoring of vital
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signs, including temperature, is necessary. Hypothermia is
treated with passive rewarming to maintain a normal body
temperature. Tracheal intubation and mechanical ventilation
are instituted if respiratory effort is absent or inadequate to
maintain normal serum oxygen and carbon dioxide levels.
Control of the airway protects the child from aspiration and
subsequent respiratory compromise.
Cardiovascular dysfunction treatment is based on the
child's symptoms. Bradycardia associated with cardiovascular compromise is responsive to intravenous atropine
(0.10 mg/kg); although repeated doses may be necessary
because of the long half-life of clonidine. 2K •3o Hypotension
is treated first with volume infusion, and then with
dopamine infusion, as described in the initial management
section. Treatment with a nitroprusside infusion (0.5 to 0.8
l.I.g/kg/minute) is instituted for a hypertensive phase only if
end-organ compromise is noted. Dysrhythmias resolve with
decreasing serum clonidine levels and usually do not require
treatment.
Naloxone (Narcan) is recommended for treatment of all
patients with clonidine overdoses in which CNS, cardiovascular, or respiratory depression is present. 32 Naloxone was
first used because of the similarity in clonidine overdose
symptoms to opioid toxicity. The interaction between
clonidine and opioid receptors is poorly understood, but
several patients experiencing clonidine overdose have
responded well to naloxone. The initial naloxone dose is
0.0 I mg/kg, and if no response is noted, a repeat dose of 0.1
mg/kg is administered. A continuous infusion of naloxone
may be necessary secondary to its short half-life.

Iron
Etiology/lncidence. Iron ingestion is one of the more
common childhood ingestions because of the availability of
iron and iron-containing compounds in the household. The
similarity of colors, shapes, and flavorings between multivitamins and other iron-containing products and candy
makes them especially enticing to children. Iron supplementation is prescribed for pregnant women, and iron is a
common component in both pediatric and adult multivitamins. Elemental iron is available in combination with
gluconate, sulfate, or fumarate salts; each preparation has
varying amounts of elemental iron. Cases of iron ingestion
rarely require intensive care management if toxicity is
recognized and treated promptly. Iron supplements used to
be the leading cause of fatal ingestions in children, but the
incidence is now declining. The Food and Drug Administration (FDA) mandates that all iron-containing preparations
display a warning label to inform of potential toxicity for
children with accidental overdose.
After ingestion in normal doses, 10 to 15 mg of iron is
absorbed daily through the GI tract 33 Ferrous iron is
absorbed into the mucosal cells of the duodenum and
jejunum and is oxidized to ferric iron, where it is bound to
ferritin, an iron storage protein. It is then released into the
plasma, where it is bound to transferrin, an iron-specific
binding globulin. Iron bound to transferrin is nontoxic.
With acute iron overdose, the total serum concentration
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of iron exceeds the total iron-binding capacity. Excess free
iron is directly toxic to the vasculature and leads to the
release of vasoactive substances including serotonin and
histamine. Excess quantities of ferritin lead to vasodilation
resulting in increased vascular permeability and fluid loss,
with subsequent hypotension and metabolic acidosis. 34 The
free iron is deposited in the liver, spleen, and kidneys. These
iron deposits cause pathophysiologic changes in the mitochondria, result in free radical formation and lipid peroxidation that contribute to necrosis, cell death, and tissue
injury.4 Metabolic acidosis develops as a result of poisoning
of the mitochondria, compromising cellular respiration and
producing lactic acidosis. Serum iron levels peak 2 to 4
hours following ingestion, and begin to fall 6 hours after
ingestion. Table 30-7 shows the correlation between serum
iron levels and toxicity. An iron concentration higher than
350 Ilg/dl is indicative of moderate to severe toxicity.35
Pathogenesis. The pathophysiology of iron toxicity
is related to the development of metabolic acidosis. Iron
toxicity is mediated through both local and systemic effects.
Acute iron poisoning in children follows the classic five
clinical stages of iron toxicity. The initial stage begins from
30 minutes after ingestion to no later than 6 hours and is the
result of the corrosive effects of iron on the GI mucosa. The
child complains of nausea and moderate to severe abdominal pain and presents with vomiting, diarrhea, or GI
hemorrhage. Vomitus and stools may be dark gray or black
because of the presence of iron. In severe poisoning, the
child may present with hypotension, shock, and coma. If a
child presents in coma shortly following an iron ingestion,
the prognosis for neurologic recovery is poor. 36
The second phase of iron toxicity is described as the
latent stage. The child is asymptomatic, with mild lethargy
present. It is a deceptive period that occurs 6 to 24 hours
postingestion, but this phase may be absent in children with
severe poisoning.
Profound toxicity is evident with patients who progress
to the third phase, 12 to 48 hours after ingestion. Shock
results from the free iron, causing venous pooling, which
creates relative hypovolemia, vasodilatation, and poor

~

30-7 Serum Iron Level and
Potential Severity of Intoxication

TABLE

~tserum Iron Level

Potential Toxicity

<100

None

100-350

Minimal toxicity

350-500

Moderate toxicity; chelation usually
not necessary

500-1000

Severe toxicity; start chelation
immediately

>1000

Potentially lethal; start maximum
chelation immediately

ljiiFrom Hcnretig FM, Temple AR: Acute iron poisoning in children. Clin
Med 4:579. 1984.
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cardiac output. Subsequent poor perfusion and ischemia
results in a worsening metabolic acidosis. An iron-induced
coagulopathy may cause increased bleeding and exacerbate
hypovolemia. Systemic signs of toxicity include lethargy,
hyperventilation, hypoglycemia, seizures, and coma.
The fourth stage of iron toxicity consists of hepatic injury
or failure. This may occur 2 to 3 days after severe iron
ingestion. It is thought to be a direct result of uptake of iron
by the liver's reticuloendothelial system. Alterations in
glucose metabolism, coagulopathies, and hepatic encephalopathy accompany hepatic failure.
The final stage occurs days to weeks after the iron
overdose and only rarely occurs. The initial gastric insult
can progress to gastric outlet obstruction secondary to
development of strictures, stenosis, or scarring. 34
Critical Care Management. Toxicity is dependent
on the amount of elemental iron ingested. Ingestion of more
than 20 mg/kg of elemental iron produces GI effects;
ingestion of more than 60 mg/kg causes systemic toxic
effects; and ingestion more than 250 mg/kg is potentially
lethal. Iron levels may not correlate with amount ingested
and clinical symptoms. Children who ingest greater than 20
mg/kg or who are symptomatic, regardless of serum level,
need to be treated. Following stabilization of the airway,
breathing, and circulation, GI decontamination procedures
are considered. Activated charcoal does not bind to iron and
therefore is not utilized. Gastric emesis may have limited
benefit in a child who has already vomited several times and
may obscure the severity of toxicity based on GI symptoms.
Gastric lavage to remove pills and fragments may be
ineffective if the tablets are large or several hours have
elapsed since ingestion. If lavage is used, only normal saline
or tap water is used. Other compositions, including sodium
bicarbonate, have been studied as lavage solutions. They
have not shown any greater benefit, and potential risks with
electrolyte imbalances have limited their utility.34
Whole bowel irrigation has become the standard of care
for severely poisoned patients with large GI burdens of iron.
After lavage, an abdominal radiograph is obtained to document the presence of retained iron tablets in the stomach and
pylorus. If present, irrigation with polyethylene glycol electrolyte lavage solution (Golytely) enhances stooling while
quickly emptying iron from the GI tract. 37 This solution is
instilled at room temperature into the stomach via nasogastric tube at 250 to 500 ml/hour for children younger than
5 years and up to 2 Llhour for adolescents. Whole bowel
irrigation continues until diarrhea is produced and the effluent resembles the infusate. If lavage and whole bowel irrigation are unsuccessful in removing intact iron tablets, emergency gastrotomy may be considered 35
Chelation therapy, which binds iron into a soluble
complex, is initiated in the emergency department after a
baseline urine sample is obtained, with intravenous deferoxamine at a maximum dose of 15 mg/kg/hour for children
in whom severe intoxication is suspected. The daily
maximum recommended dose is 360 mg/kg/day, with a
limit of 6 g. Hypotension may occur with the infusion of
deferoxamine and may limit the rate of infusion. Deferoxamine combines with iron to form ferrioxamine, which is

excreted by the renal system; it appears that deferoxamine
cannot remove iron once bound to transferrin but can chelate
free iron and iron being transported between transferrin and
ferritin. }}.34 The urine changes to "vin rose," a pink color,
shortly after chelation begins. Serum iron levels are
followed during chelation therapy. Chelation is discontinued
when the serum iron level falls below 100 ~.g/dl, the child
appears clinically well, the anion-gap acidosis has resolved,
and there is no further urine color change. 36
Initial laboratory studies include complete blood count
(CBC); serum electrolytes including glucose, renal, and
hepatic function; blood type and cross-match; total ironbinding time; a serum iron level 2 to 6 hours after ingestion;
and coagulation studies. These values help to guide management, especially for the child who is asymptomatic at
presentation. Initial management also includes close monitoring for the known side effects of iron toxicity. Intravenous access is obtained in any child with suspected
moderate to severe toxicity so that hypotension, metabolic
acidosis, hypoglycemia, and blood dyscrasias can be treated
promptly. Continuous monitoring of the adequacy of the
child's airway, breathing, and circulation, particularly blood
pressure, is necessary.
Patients who manifest clinical signs and symptoms of
toxicity, such as metabolic acidosis, hemodynamic instability, and lethargy, are managed in an ICU and are discharged
only after 24 hours of clinical stability following therapy.
Cardiovascular assessment includes central venous pressure
monitoring to provide a guide to the patient's volume status
and fluid management. Periodic assessment of serum
hemoglobin and hematocrit levels is necessary to track
blood loss via the Gl tract. All stools and emesis are tested
for presence of blood. Blood loss via stools or emesis is
replaced. Volume replacement with blood components or
other fluids is initiated early in the treatment of hypotension.
Intravenous infusion of catecholamines, such as epinephrine
(0.2 to 2.0 ~g/kg/min) or dopamine (l to 20 )lg/kg/min),
may be required to treat hypotension that is refractory to
volume replacement.
Neurologic dysfunction management is primarily supportive. If the child has inadequate cough or gag reflexes,
tracheal intubation is performed and mechanical ventilation
instituted. Acid-base balance is assessed by serial measurement of serum pH and bicarbonate ions. Intravenous sodium
bicarbonate is administered as necessary to treat metabolic
acidosis.
Hepatic failure requires assessment and treatment of
hypoglycemia and coagulopathy. Hypoglycemia is treated
with intravenous infusion of dextrose-containing solutions,
the concentrations of which are titrated to maintain the
serum glucose level above 80 to 100 mg/dl. Increased PT,
partial thromboplastin time (PTT), or clinical signs of
bleeding are treated with infusion of the appropriate clotting
factors.
Renal function is assessed by hourly measurement of
urine output and periodic monitoring of specific gravity,
blood urea nitrogen (BUN), and serum creatinine. If acute
renal failure occurs, continuous hemofiltration or hemodialysis can be used to remove ferrioxarnine, as well as other
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metabolic end products 34 Renal transplantation may be
necessary if the renal system does not recover following iron
toxicity.
GI dysfunction is monitored by serial assessment of
abdominal girth and tenseness and for the presence of blood
in gastric contents and stool. H2 blockers may be administered to protect the upper GI tract. If GI perforation is
suspected, the child requires an exploratory laparotomy to
identify and manage areas of necrosis. Peritonitis is treated
with appropriate antibiotic therapy. All severe icon overdoses require follow-up several weeks after ingestion to
evaluate for GI complications, such as strictures and
stenosis, which may require surgical intervention.

Theophylline
Etiology/Incidence. Theophylline is most commonly
used in children as a bronchodilator to relieve bronchospasm associated with asthma. The therapeutic serum level
ranges from 10 to 20 mglL. Each 1 mg/kg of theophylline
raises the serum level by 2 mglL. Theophylline is available
in liquid, capsule, tablet, and suspended-release preparations. Maintenance dosages vary with each child based on
weight, concentration of the preparation, and extent of
illness. Theophylline toxicity is characterized by serum
levels higher than 20 mglL. Acute toxicity is affected by the
type of preparation ingested, route of exposure, age-related
clearance rate, and drug and nondrug interactions. The toxic
effects following chronic overdose do not correlate with
serum drug levels. Precipitating factors associated with
theophylline overdoses include dosage errors, accidental
ingestions, suicide attempts, respiratory tract infections, or
erythromycin administration. 38
Pathogenesis. Pharmacologic properties of theophylline include CNS stimulation, positive chronotropic and
inotropic effects, antagonizing adenosine activity, reduction
of peripheral arteriolar resistance, relaxation of bronchial
smooth muscle, inhibition of mast cell degranulation,
increase in renal blood flow and glomerular filtration rate,
and increases in gastric acid and pepsin secretion. These
processes are accelerated in situations when theophylline
toxicity occurs. Theophylline toxicity primarily affects the
Gl tract, CNS, and cardiovascular system. 4 The most
common symptoms of theophylline toxicity include nausea
and vomiting, tachydysrhythmias, seizures, hypotension,
metabolic acidosis, and hypokalemia. Severe toxicity will
also produce hematemesis and bloody diarrhea.
Patients are at risk from the cardiac effects with severe
overdoses secondary to excessive catecholamine stimulation
of the myocardium exacerbated by hypokalemia, hypocalcemia, hypophosphatemia, metabolic acidosis, and an increased myocardial oxygen demand. Altered cardiac output
results from supraventricular dysrhythmias such as sinus
tachycardia, atrial tachycardia, atrial flutter, and atrial
fibrillation. Ventricular dysrhythmias may develop, but
sustained dysrhythmias that require prolonged therapy are
rare. Serious dysrhythmias occur most often in young
patients with acute theophylline overdoses when serum
levels exceed 50 Ilg/m1.39 Theophylline's ~2 effects, which
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reduce peripheral vascular resistance, are responsible for
severe hypotension and reduced myocardial perfusion
associated with toxicity.
CNS disturbances include agitation, headache, confusion, tremulousness, hyperreflexia from cerebral excitation,
and seizures. In acute intoxication, seizures are infrequent
and are usually focal and brief. Theophylline causes an
increase of cyclic adenosine monophosphate (cAMP) by
inhibiting the activity of phosphodiesterase, the enzyme
responsible for metabolizing cAMP. This results in smooth
muscle relaxation, peripheral vasodilation, myocardial stimulation, and CNS excitation.
Other metabolic disorders that may result from theophylline overdose are hyperglycemia from increased gluconeogenesis, and glycogenolysis caused by catecholamine
release. Hypokalemia occurs early and is the result of
potassium moving into the cells secondary to hyperglycemia, loss of potassium through vomiting, and the diuretic
action of theophylline. All of these may contribute to the
cardiac dysrhythmias. 38
Critical Care Management. In severe overdose,
gastric lavage and activated charcoal with a cathartic may
both be used, up to 4 hours after ingestion with regular
preparations and up to 8 to 12 hours after ingestion of
sustained-release preparations. Emesis is not typically
employed because of rapid onset of seizures and protracted
vomiting caused by toxicity. If vomiting inhibits the instillation of activated charcoal, an antiemetic may be administered because activated charcoal is very effective in reducing serum theophylline levels. For severe intoxication,
multiple-dose charcoal has been indicated. Initial laboratory
studies necessary are theophylline level at presentation, followed by repeat levels in 2 to 4 hours, serum electrolytes,
glucose, calcium, and baseline coagulation studies. Seizures
are treated with a benzodiazepine followed by phenobarbital
if the seizure does not resolve. It may be necessary to intubate the child and to provide ventilatory support and neuromuscular blockade to help control the seizure activity.3 8
Priorities include monitoring for cardiac dysrhythmias.
The patient's electrolytes are carefully evaluated over time
and rapidly corrected if a dysrhythmia develops. These
dysrhythmias usually resolve spontaneously as the theophylline level returns to the therapeutic range. If the patient is
unstable or not tolerating the dysrhythmia, treatment with
low doses of propranolol (0.02 mg/kg IV) repeated every
5 to 10 minutes (with a maximum of 0.1 mg/kg IV) is
recommended 4o The desired response to propranolol when
treating hypotension, sinus tachycardia, atrial fibrillation,
and rapid ventricular rates is a return to the patient's
baseline parameters for blood pressure and cardiac rhythm.
Esmolol is another effective agent currently under investigation for use with theophylline toxici ty38 One case study
reports effective treatment of tachycardia and hypotension
with administration of intravenous esmolol, an ultra-shortacting ~-blocker, in a 500-llg/kg bolus over I minute,
followed· by a 50-llg/kg/min continuous infusion. 4 \ Propranolol and other nonselective ~-blockers are used cautiously in asthmatic patients because they may cause
bronchospasm.
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Maintaining seizure precautions and ongoing assessment
of level of consciousness is necessary to limit the degree of
cerebral anoxia caused by seizure activity. Because a
correlation exists between the length of seizure activity and
morbidity and mortality, seizures are controlled as soon as
possible. Lorazepam (0.05 mg/kg TV) is indicated for
immediate cessation of seizure activity and is administered with phenobarbital (10 mg/kg) for continued seizure
control.
The effectiveness of anti emetics in theophylline toxicity is variable. Recommendations include the use of metoc10pramide (2 mg/kg TV) or ranitidine (l to 2 mg/kg/day
TV) to control vomiting and increase the tolerance of
charcoal. Metoclopramide and ondansetron may be more
beneficial because they promote gastric motility and do
not lower the seizure threshold. Multidose activated
charcoal is typically used rather than whole bowel irrigation because of the risk of irrigation decreasing the
effectiveness of the charcoal. However, whole bowel
irrigation is beneficial with ingestion of sustained-release
preparations.
Hemoperfusion is effective at enhancing the elimination
of theophylline and is instituted early in treatment, when
patients with protracted vomiting do not allow the instillation of charcoal. Indications for hemoperfusion include
unstable hemodynamics, uncontrolled seizures, inability to
give charcoal despite antiemetic therapy with persistent
elevation in theophylline levels after 6 to 8 hours, extensive
hematemesis, serum theophylline levels between 40 and 60
~g/ml in chronic overdoses or 90 and I00 ~g/ml in acute
overdoses. 4 In some circumstances, it may be beneficial to
perform whole bowel irrigation and charcoal hemoperfusion
simultaneously. The patient is assessed for signs of thrombocytopenia, hypocalcemia, and infection at the catheter
insertion site when hemoperfusion is in progress.
Other interventions include administration of potassium,
phosphate, and sodium bicarbonate with subsequent monitoring oflaboratory values to evaluate the resolution of toxic
effects.

Cyclic (Tricyclic) Antidepressants
Etiology/lncidence. The cyclic antidepressants are
the most widely prescribed pharmacologic treatment for
depression in adults and children. Tricyclic antidepressants
are one type of this class of drugs. The cyclic antidepressants can be divided into the first-generation and secondgeneration antidepressants. The first-generation, or tricyclic,
antidepressants were developed in the 1960s. The secondgeneration cyclic antidepressants were released during the
1980s and I990s to improve the therapeutic index, decrease
side effects and adverse reactions, and reduce the incidence
of serious toxicity. As the mechanisms of action have become more selecti ve, the incidence of cardiac and neurologic toxicity has decreased. In addition to depression, children also are prescribed cyclic antidepressants for treatment
of hyperkinesis, sleep disorders, school phobias, and enuresis. Adults are prescribed cyclic antidepressants for depression, chronic pain, and sleep disorders. The more com-

mon tricyclics include amitriptyline (Elavil), desipramine
(Norpramin), imipramine (Tofranil), whereas the secondgeneration antidepressants include amoxapine (Asendin),
fluoxetine (Prozac), sertraline (Zoloft), paroxetine (Paxil),
and bupropion (Wellbutrin).
Pathogenesis. When ingested, cyclic antidepressants
are initially rapidly absorbed from the GI tract, unless
anticholinergic effects decrease the rate of absorption by
slowing GI motility. The drugs have large volumes of
distribution and are largely protein bound. The drugs bind to
proteins at a certain pH, typically a more alkaline pH;
therefore acidemia may increase the amount of unbound or
free drug in the pTasma. Serum levels are of little use in
overdose because of the extent of protein binding and
volume of distribution. These drugs are highly lipid soluble,
sparingly water soluble and extensively metabolized on the
first pass through the liver. 42 Cyclic antidepressant toxicity
primarily affects the central nervous and cardiovascular
systems accompanied by anticholinergic crisis. Toxicity is
mediated by anticholinergic effects, quinidine-like effects
on cardiac function, direct a-receptor blockade, and inhibition of catecholamine reuptake in the CNS and peripheral
nervous system. A quinidine-like effect is the membrane
depressant effect on the myocardium through inhibition of
sodium channels. Symptoms of toxicity develop within 4 to
6 hours but may be delayed for up to 24 hours. 43
Cyclic antidepressant toxicity may progress rapidly,
initially presenting with anticholinergic signs and progressing to lethal dysrhythmias and hypotension. Anticholinergic
effects on the CNS include respiratory depression, agitation,
lethargy, hallucinations, hyperthermia, ataxia, choreoathetoid movements, seizures, and coma. Peripheral anticholinergic effects include hypotension, decreased GI motility, dry
and flushed skin, urinary retention, sinus tachycardia,
mydriasis, and hyperreflexia. 42 ,44,45 Seizures occur in 10%
to 20% of patients with tricyclic antidepressant overdose
and are most likely to occur in comatose patients 46
Cardiovascular dysfunction often accompanies cyclic
antidepressant overdose because of the increase in the
polarization period. Decreased cardiac output may occur as
a result of myocardial depression or dysrhythmias. Cyclic
antidepressant's quinidine-like effects slow cardiac conduction and causes myocardial depression, prolonging the PR
and QRS interval. These measurements should use the
standard lead for pediatric QRS measurement, the precordial
lead Vs' The widened QRS interval provides the best
measurement of tricyclic antidepressants, with an interval of
more than 100 milliseconds seen as evidence of serious
overdose (Fig. 30-4). Increased repolarization time facilitates ventricular tachycardia, ventricular fibrillation, or
asystole. 44 Decreased inotropy is evidenced with general
signs of decreased cardiac output and hypotension.
Seizures and coma with severe overdose dominate
neurologic dysfunction. Respiratory failure can occur from
C S depression, seizure-related apnea, upper airway obstruction, or pulmonary edema. Because acidosis increases
the amount of free drug in the serum, even mild hypoventilation may potentiate dysrhythmias and aggravate the poor
inotropic performance of the myocardium.
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Fig. 30-4 Electrocardiogram in a patient with a prolonged QT interval following tricyclic antidepressant
overdose.

Critical Care Management. Cyclic antidepressant
overdose is suspected if a child presents in coma or with
symptoms compatible with anticholinergic crisis. Initial
interventions are to secure an airway and stabilize vital
signs. Symptoms of toxicity develop rapidly after ingestion
with deterioration in clinical status occurring within I hour
after ingestion and life-threatening events most often
occurring within 2 hours. 42 Emesis is contraindicated
because of the rapid onset of CNS depression or seizures.
Lavage is indicated for patients with altered level of
consciousness. Following lavage, activated charcoal and a
cathartic are recommended. Intubation is recommended
before gastric decontamination to minimize the risk of
aspiration. Because of the tight protein binding, he moperfusion, hemodialysis, and forced diuresis have no role in the
management. Alkalinization of the serum is the preferred
method for reducing acute cardiovascular side effects. A
sodium bicarbonate infusion alters the pH, increasing
protein binding of the drug and reducing the amount of free
drug available, resulting in decreased toxicity.
Primary treatment of respiratory dysfunction is directed

toward achieving and maintaining the patency of the airway.
Intubation and mechanical ventilation are initiated promptly
for patients in whom oxygenation and ventilation are at risk.
Arterial blood gases are assessed for both hypoxia and
acidosis because these problems are known to increase the
frequency and recurrence of dysrhythmias.
Cardiovascular dysfunction may result in hypotension.
Treatment begins with a 20 mVkg fluid bolus of normal
saline or lactated Ringer's solution. If these measures are
ineffective in returning the blood pressure to normal range.
a continuous infusion of phenylephrine (0. I to 0.5 /lg/kg/
min), norepinephrine (0.05 to 1.0 /lg/kg/min), or dopamine (5 to 30 /lglkg/min) may be required 42 .44 These
medications exert predominantly direct a-agonistic effects
and counteract the a-adrenergic blockade of the cyclic
antidepressants.
Treatment of dysrhythmias begins with ensuring adequate ventilation, followed by sodium bicarbonate infusion.
Mild metabolic alkalosis (pH>7.45 to 7.55) has proven to
be effective in narrowing widened QRS complexes, correcting hypotension, and in decreasing the incidence of dys-
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rhythmias in cyclic antidepressant overdoses. 4 ,33 Hyperventilation to induce respiratory alkalosis is thought to be less
effective for controlling dysrhythmias, Serum sodium levels
are monitored during and following administration of
sodium bicarbonate, If sodium bicarbonate therapy is
ineffective for controlling dysrhythmias, lidocaine (I mg/kg
IV) is given as a bolus and followed with a continuous
infusion (10 to 50 Ilg/kg/minute),
Seizures or coma can manifest neurologic dysfunction,
Diazepam (100 to 250 Ilg/kg IV over 3 minutes) is the drug
of choice for immediate use in cyclic-related seizures,
Seizures are usually brief and respond to benzodiazepines, If
the patient fails to respond to benzodiazepines, barbiturates
or propofol may be used, Phenytoin is not recommended
because of its limited efficacy and data suggesting prodysrhythmic effects, Coma usually resolves within 24 hours
of ingestion.
Parasympathetic nervous system dysfunction requires
intervention as necessary, Urinary retention, evidenced by
bladder distension, may require placement of an indwelling
catheter, Constipation may result from slowed peristalsis,
although the use of activated charcoal and cathartics may
promote elimination and relieve this symptom, It is important to assess the patient for the presence of active bowel
sounds before the administration of charcoal because
paralytic ileus is common and is a contraindication to its
use. Patients are monitored in an intensive care setting on a
cardiac monitor until symptom free for 24 hours,

NONPHARMACEUTICAL TOXINS-THE
ALCOHOLS AND DRUGS OF ABUSE
Methanol
Etiology/Incidence. Methanol, also known as wood
alcohol, is a colorless, flammable liquid with a distinctive,
somewhat pleasing odor. It is a common component of
household substances such as windshield washer fluid,
antifreeze, carburetor fluid, Sterno fuel, varnishes, solvents.
gasohol, moonshine, duplicating fluids, and paint stripper or
remover. Methanol itself is not toxic but its metabolites are;
therefore early recognition of toxicity is imperative. Methanol is potentially toxic with ingestion of only a single
mouthfuL
Pathogenesis. Methanol is completely absorbed by
the GI tract with peak levels 30 to 90 minutes after
ingestion, Once absorbed, approximately 85% to 90% of
methanol is metabolized in the liver and the remainder is
excreted unchanged through the lungs and kidneys, Methanol is metabolized by the hepatic alcohol dehydrogenase
pathway and creates the toxic metabolites, formaldehyde,
and formic acid. Formic acid, the principal metabolite,
inhibits mitochondrial respiration, which results in tissue
hypoxia and lactic acidosis. The toxic formic acid accounts
for the majority of the anion gap, metabolic acidosis, and
ocular toxicity, Formaldehyde has a short half-life, lasting
only minutes, Formic acid is much more slowly metabolized
and degradation is folate dependent, so it bioaccumulates
and is responsible for the toxic effects seen, 17,47.48 Methanol

toxIcity produces a triad of symptoms affecting the GI,
CNS, and ocular systems,
There is an asymptomatic latent period of 24 to 72 hours
after methanol ingestion, which is shortened when large
amounts are ingested. The latent period occurs while the
toxic metabolites accumulate and it may be prolonged with
coingestion of ethanoL The initial symptoms include headache, lethargy, dizziness, nausea, vomiting, and abdominal
pain. Visual disturbances and severe acidosis develop after
these initial symptoms, The visual complaints include
decreased visual acuity, hazy vision, photophobia, and
snowstorm-like "snowflakes" in the visual field.
Initially, there is little CNS depression and the child may
appear anxious with dyspnea or Kussmaul's breathing, If
untreated, the metabolites increase, causing severe metabolic acidosis and the patient's level of consciousness
deteriorates from lethargy progressing to coma,
The vision dims with advanced optic nerve toxicity, and
hyperemia of the optic disks, retinal edema, and fixed
dilated pupils may be present. The accumulation of formic
acid causes optic papillitis, retinal disease, and optic
atrophy, all of which can result in permanent blindness. 27
Patients who develop coma, convulsions, and apnea have
a poor prognosis. Death usually results from circulatory
collapse or respiratory arrest.
Critical Care Management. Methanol ingestion results in an elevation in the osmolal gap because it alters the
volume of water in serum accompanied by an increased
serum anion gap and hypoglycemia. 47 Osmolal gap is
defined as the difference between measured and calculated
osmolality. Early in a patient's clinical course (under 12 to
24 hours), before methanol has been completely metabolized, rapid diagnosis of methanol toxicity can be made on
the basis of the presence of an osmolal gap (Box 30-1).
Calculated osmolality is subtracted from measured osmo-
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lality and nonnally does not exceed 10 mOsmlkg. The
elevated osmolal gap gradually resolves as methanol is
metabolized, toxic metabolites fonn, and an anion gap
metabolic acidosis devel ops 48
Under nonnal circumstances, the anion gap is 12 to 16
mmollL. An elevated anion gap occurs later in the clinical
course of patients with methanol ingestion because of
retention of nonvolatile organic acids. Calculation of the
osmolal and anion gap is useful for the initial management
of patients in whom methanol ingestion is suspected
because it identifies the presence of hannful substances,
therefore eliminating delay in treatment while specific
laboratory levels are awaited. For a patient who is symptomatic, is acidotic, or has a peak level of 20 mg/dl of
methanol, treatment is initiated with an ethanol infusion.
Patients who appear neurologically impaired are intubated to ensure an adequate airway and effective ventilation.
Although the benefits of charcoal administration are unknown in methanol ingestions, charcoal is usually recommended, especially if ingestion of multiple substances is
suspected.
Treatment of metabolic acidosis includes correction of
pH and base deficit by administration of sodium bicarbonate. AlLhough acidosis may be reversed, ocular damage
associated with the toxic effects of methanol metabolism
often persists.
Alcohol dehydrogenase has a greater affinity for ethanOl
than methanol, therefore ethanol infusions are used to
inhibit methanol metabolism to toxic metabolites of fonnaldehyde and formic acid, which promotes its excretion
unchanged by the lungs and kidneys. Ethanol is administered in a 5% to 10% solution intravenously or orally in a
20% to 30% solution. A loading dose (7.6 to 10 rnlJkg) is
administered intravenously in 10% dextrose solution over
30 minutes. Maintenance dosage is 0.15 ml/kg/hr orally of
95% ETOH solution or 1.4 ml/kg/hr intravenously of a 10%
ethanol solution, until a serum level of 100 mg/dl is
achieved.
Alcohol dehydrogenase inhibitors (ADHs) are generally
maintained until methanol levels are less than 20 mg/dl. The
FDA recently approved fomepizole (4-MP, Antizol) for
ethylene glycol poisoning, and it is being researched for its
utility with methanol toxicity. Fomepizole has a greater
affinity for alcohol dehydrogenase versus ethanol or methanol and has a better safety profile than ethanol. 47 In
addition, folic acid is being recommended to enhance the
folate-dependent metabolism of fonnic acid. The pediatric
dose of sodium folate is I mg/kg every 4 to 6 hours.
Hemodialysis enhances the elimination of methanol and
its toxic byproducts and is indicated in patients with a serum
level of 50 mg/dl, severe metabolic acidosis, ingestion of
more than 40 ml or in the presence of neurologic or visual
disturbances 33 •48 Higher doses of ethanol are required
during hemodialysis because ethanol is easily dialyzed. 49
Maintenance doses of 250 to 350 mglkg/hour are required
to achieve and maintain the necessary serum level.
Patient monitoring includes evaluating arterial blood
gases, blood alcohol level, and serum glucose level to assess
the effectiveness of ethanol administration. Glucose is
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monitored closely because glycogen stores are depleted
rapidly after methanol ingestion. Complications of dialysis,
such as infection and hypoglycemia, are recognized and
treated early.

Ethylene Glycol
Etiology/Incidence. Ethylene glycol is a colorless,
sweet-tasting liquid with a faint odor found in pennanent
types of antifreezes and coolants. It is also contained in latex
paint, glass cleaners, stains, dyes, waxes, inks, and a variety
of household cleaners, including floor waxes and polishes,
shoe polishes, and surface cleaning solutions. Ethylene
glycol ingestions have been attributed to its bittersweet
taste. Ethylene glycol poisonings usually occur as isolated
instances with children. In adolescents and adults, toxicity
commonly occurs when ethylene glycol is ingested as an
ethanol substitute.
Pathogenesis. Ethylene glycol is rapidly absorbed,
peaking in the bloodstream within I to 4 hours of ingestion.
Once absorbed, a significant amount is eliminated by the
kidneys; however, renal toxicity is acute and progressive.
Once renal compromise is present, almost all of the ethylene
glycol is then metabolized in the liver by alcohol dehydrogenase to glycolaldehyde, glyoxylic acid, oxalic acid, and
fonnic acid. As with methanol, the toxicity of ethylene
glycol results from its metabolites. Ethylene glycol produces
CNS depression, and its metabolites cause metabolic anion
gap acidosis, hypocalcemia, further CNS depression, and
tissue damage. 48 After a delay of 12 to 24 hours, oxalate
crystals may appear in the urine (when oxalic acid chelates
serum calcium) and is deposited in the tissues, causing acute
renal failure, metabolic acidosis, and cardiac and CNS
toxicity. Ingestion of an amount as small as 1.4 to 1.6 mllkg
can be lethal.
Three clinical stages of poisoning have been described.
Progression and severity of signs in these stages depend
on the ingested dose. Stage I occurs from 1 to 12 hours
after ingestion and is characterized by nausea, vomiting,
metabolic acidosis, oxalate crystalluria, and progressive
central nervous signs including elation, slurred speech,
confusion, nystagmus, depressed deep tendon reflexes,
myoclonic jerks, and seizures without the characteristic
ethanol odor on the breath. Hyperemia of the CNS
produces symptoms of inebriation, such as ataxia, swpor,
and coma. A result of calcium oxalate crystal deposition
in the leptomeninges, vessel walls, and peri vascular spaces
is meningoencephalitis.
After the first 12 to 18 hours, tachycardia, tachypnea,
mild hypertension, congestive heart failure, cyanosis, and
pulmonary edema leading to cardiorespiratory failure characterize the second stage. Myocardial and pulmonary
dysfunction occur as a result of accumulation of the toxic
intennediate and deposition of calcium oxalate crystals in
the heart and lungs.
The third stage occurs I to 3 days after ingestion and is
marked by flank pain, hematuria, proteinuria, oliguria, acute
tubular necrosis, and renal failure. Damage to the renal
tubules is thought to be caused by the byproducts glycolal-
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dehyde, glycolic, and glyoxylic acid, during ethylene glycol
metabolism. 33
Critical Care Management. Ventilatory support, if
needed, is initiated immediately. Emesis is contraindicated
because of the risk for CNS depression. Gastric lavage is
indicated for patients presenting within several hours after
ingestion of massive amounts or if gastric motility is slowed
by another ingestant or coma. Activated charcoal does not
bind to ethylene glycol and is not used.
Ethanol administration blocks ethylene glycol metabolism and development of toxic metabolites through alcohol
dehydrogenase binding. A loading dose of ethanol is given
when there are clinical signs and a history of ethylene glycol
ingestion, severe or persistent metabolic acidosis, or a blood
ethylene glycol level of 25 mg/dl or higher. Ethanol loading
is also recommended for patients who are awaiting ethylene
glycol semm determinations or hemodialysis. The antidote,
fomepizole, is a potent inhibitor of ADH and was approved
by the FDA for the treatment of ethylene glycol poisoning.
Reports indicate that the intravenous administration of
fomepizole every 12 hours prevents renal damage and
metabolic abnormalities associated with the metabolism of
ethylene glycol to its toxic metabolites. 50
In cases when ethylene glycol concentration is higher
than 50 mg/dl or renal failure exists, hemodialysis is
recommended. Thiamine (0.25 to 0.5 mg/kg) and pyridoxine (I to 2 mg/kg) administration are thought to decrease
oxalate production. The prevention of oxalate crystal
formation and subsequent deposition in the kidney are
benefits of forced diuresis in the treatment of ethylene glycol
intoxication.
Priorities for critical care management include meticulous assessment of intake and output to ensure adequate
hydration despite forced diuresis. Care is aimed toward
enhancing clearance of ethylene glycol and its metabolites.
If hemodialysis is required, care is focused on the maintenance of normal hemodynamics and fluid and electrolyte
balance during therapy. Ethanol administration is continued
until the ethylene glycol level reaches zero.
Close monitoring of blood gas and calcium determinations are necessary for early detection and treatment of
metabolic acidosis and hypocalcemia. Intravenous sodium
bicarbonate (I to 2 mEq/kg) is indicated because ethylene
glycol is metabolized faster than methanol, resulting in a
more profound metabolic acidosis. Calcium chloride (10 to
20 mg/kg/dose) is required to reverse the hypocalcemia
effects of calcium oxalate precipitation in the semm.

isopropanol is excreted unchanged by the kidneys. The liver
is responsible for about 50% to 80% of isopropanol
metabolism converting it to acetone. The kidneys primarily
excrete acetone with some excretion through the lungs. The
half-life of isopropanol is 4 to 6 hours and that of acetone is
16 to 20 hours. Acetone acts as a CNS depressant and the
prolonged CNS depression seen with isopropanol ingestion
is related in part to the acetone's effect.
Isopropanol toxicity produces CNS effects including
depression, ataxia, confusion, stupor. and coma. The depression has been described to be 2 to 3 times more profound
than ethanol ingestions. 47 Patients may appear intoxicated
but do not smell like alcohol; rather they have the fruity odor
of acetone. Hyperglycemia, inconsistent pupil size, miosis.
and depressed or absent deep tendon reflexes are other eNS
manifestations characteristic of isopropanol toxicity.
As a myocardial depressant, acetone causes altered
cardiac function with profound hypotension and has been
noted to be a poor prognostic sign. Patients may have sinus
tachycardia but usually no other cardiac dysrhythmias.
Impaired GI system function results from the effects of
isopropanol as a local irritant. GI symptoms such as
gastritis, abdominal pain, vomiting, and hematemesis usually occur as a result of isopropanol ingestion. Renal tubular
necrosis, myopathy, and hemolytic anemia have also developed after ingestion of isopropanol.
Critical Care Management. Supportive care is the
primary treatment. Airway protection is crucial to prevent
aspiration should vomiting occur. Emesis is not recommended because of the rapid CNS depression associated
with isopropanol. Gastric lavage is recommended because it
may limit absorption and helps to decrease the local
irritation in the lining of the stomach. Serum isopropyl
alcohol level confirms and quantitates alcohol level, but the
clinical presentation is a better indicator of prognosis.
Therapy for isopropanol ingestion is fairly nonspecific.
focusing mostly on general supportive care. Maintaining
adequate ventilation and normotension is the primary goal.
Care of children with isopropanol toxicity necessitates
close monitoring for and correction of fluid and electrolyte imbalances. If hypoglycemia develops. the patient
will require adjustment of intravenous glucose infusions
to maintain serum glucose in the normal range of 80 to
120 mg/dl.
Hypotension is treated with fluid boluses (20 ml/kg IV)
and vasopressor support if needed. Hemodialysis is used
when serum isopropyl alcohol levels are greater than 400
mg/dl or hypotension is refractory to treatment.

Isopropanol
Etiology/Incidence. Isopropyl alcohol is a clear,
colorless solution, found in rubbing alcohol, antifreeze, skin
lotions, and glass cleaners. Parents may use isopropanol for
sponging a child to reduce fever with isolated cases resulting
in stupor or coma. Consequently, this practice is strongly
discouraged.
Pathogenesis. The peak absorption of isopropanol
occurs in about 30 minutes because of rapid GI absorption
with complete absorption in 2 hours. Isopropanol is a eNS
and cardiac depressant. Approximately 20% to 50% of

Ethanol
Etiology/Incidence. Ethanol is found in alcoholic
beverages, perfumes, cologne, cold preparations, aftershave,
mouthwash, and antiseptics. Blood ethanol levels less than
50 mg/dl can produce mild intoxication in children;
however, a lethal dose has been estimated at 3 mg/kg
equivalent (e.g., 5 to 10 ounces of mouthwash or I to 2
ounces of cologne).4 Ethanol is more likely to be ingested
than some other substances because these products are used
daily and are usually within reach of young children.
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Pathogenesis. Ethanol is rapidly absorbed from the
gastric tract, peaking in the serum 30 to 60 minutes after
ingestion when the stomach is empty. Absorption is delayed
when food is present in the stomach and total absorption
may take up to 6 hours. A total of 90% is metabolized in the
liver by alcohol and aldehyde dehydrogenases with some
oxidation. The kidney excretes the remainder. Ethanol
affects the reticular activating system, causing direct CNS
depression, decreased motor function, and decreased level
of consciousness. At high concentrations, ethanol is an
anesthetic and can cause autonomic dysfunction, hypothermia, and hypotension with subsequent coma and death from
respiratory depression and cardiovascular collapse.
Ethanol ingestion may be manifested clinically by
flushed face, diaphoresis, agitation, or ebullient and loquacious speech resulting from early disinhibition. This may
progress to ataxia, slurred speech, blurred or double vision,
drowsiness, stupor, depression, or coma. Significant intoxication is characterized by the presence of an osmolal gap
(see Box 30-1). Ethanol metabolism causes impaired
gluconeogenesis during the Krebs cycle. Profound hypoglycemia can ultimately lead to convulsions and coma in the
pediatric patient, but the prognosis for children who ingest
ethanol is generally good.
Critical Care Management. The initial treatment for
ethanol intoxication involves providing supportive measures
such as airway protection, oxygen, and monitoring fluids.
Emesis is contraindicated because of rapid CNS depression.
Gastric lavage may be recommended when the child is seen
within 30 to 60 minutes after ingestion and CNS depression
is present. Charcoal and forced diuresis are ineffective
because the liver is the primary metabolic pathway. Cardiac
and respiratory support is necessary in addition to the
initiation of an intravenous infusion of 10% dextrose if
hypoglycemia exists.
Supportive therapy with ongoing monitoring of vital
functions until toxic effects subside is the primary focus of
intensive care. Children who ingest ethanol require frequent
serum glucose and ethanol determination and assessment for
changes in mental status. Reassuring parents by noting signs
of improvement in clinical status is helpful as the child
progresses through the recovery period. The patient needs to
be protected against aspiration. If hypoxia develops, the
patient may require intubation and mechanical ventilation.
Intravenous fluids are administered to replace urinary losses
and correct electrolyte imbalance, acidemia, and hypotension. If hypotension is refractory, vasopressors may be
necessary. Hypothermia is treated with passive rewarming;
and normothermia is the goal. Maintaining seizure precautions is necessary until symptoms of neurologic toxicity
abate. If the blood ethanol.level is greater than 300 to 350
mg/dl and clinical deterioration progresses despite supportive care, hemodialysis is used 4

Cocaine
Etiology/Incidence. Grown in Peru and Bolivia,
cocaine is an alkaloid that is extracted from the leaves of the
Erythroxylum coca plant. It is crystallized as hydrochloride
salt. prescribed as a local anesthetic and mucous membrane
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vasoconstrictor, and used illicitly as a CNS stimulant. The
adulterants with which cocaine is diluted for illicit use
include local anesthetics, sugars, stimulants, toxins, and
inert compounds and may also exert toxic effects 51
Cocaine may be injected intravenously, sniffed intranasally, ingested, or applied to the mucous membranes.
Cocaine can also be smoked in its free-base form known as
"crack." Children may be exposed to cocaine by passive
transmission via the placenta in utero, or in breast milk, or
by inhalation of crack vapors. 52 Cocaine is well absorbed by
all mucous membranes, metabolized by liver esterases and
plasma cholinesterase, degraded nonenzymatically, and
excreted in the urine as its primary metabolite, benzoylecgonine. 53 Cocaine levels in blood may be detected within
several minutes of ingestion. They peak in J5 to 30 minutes
and persist for up to 8 hours. 54 Cocaine may be detected in
urine within I hour of ingestion or administration and
persists for up to 3 days in children and 5 days in neonates
following exposure.
Pathogenesis. Three systems primarily affected by
cocaine's toxic effects are the neurologic system, the
cardiovascular system, and the respiratory system. Cocaine
stimulates the sympathetic nervous system, and an overdose
is especially toxic to the brain and heart. Cocaine stimulates
the presynaptic release of dopamine, norepinephrine, serotonin, and acetylcholine in the CNS. It alters normal
intraneural communication by augmenting the effects of the
catecholamines, norepinephrine, and dopamine. Cocaine
stimulates the "fight or flight" mechanism, evidenced by
clinical signs of stimulation of norepinephrine secretion.
Signs and symptoms are dose related, with low doses
producing euphoria and CNS stimulation and high doses
producing anxiety, agitation, paranoid delusions, mydriasis,
hypertension, hyperthermia, tachycardia, and cardiac dysrhythmias. 4 As cocaine continues to stimulate norepinephrine and dopamine release, the cardiovascular and neurologic systems demonstrate progressive stimulation that may
progress to exhaustion, producing coma and cardiopulmonary arrest.
Cardiovascular dysfunction is first manifested by sinus
tachycardia or supraventricular dysrhythmias followed by
hypertension, peripheral vasoconstriction, ventricular ectopy. and occasionally, ventricular fibrillation or asystole.
These signs may occur as a result of the toxic action cocaine
exerts on the tissues of the myocardium directly. or because
of its effect of sensitizing the heart to the actions of
norepinephrine and dopamine. 44 Evidence of a toxic dose is
seen when heart rate and blood pressure peak and begin to
fall, ventricular dysrhythmias become more frequent, and
the patient begins to show signs of shock with decreased
peripheral perfusion and cyanosis. Progression of signs
includes ventricular fibrillation, circulatory collapse, and an
ashen appearance before cardiac arrest. Cocaine-induced
coronary artery vasoconstriction may also cause myocardial
ischemia or infarction related to increased myocardial
oxygen demand and cocaine's thrombogenic potential. 53
Neurologic dysfunction begins as the cerebral cortex is
stimulated. Dysfunction is further evident with talkativeness, hyperalertness, mydriasis, and nausea and/or vomiting
occurring. As stimulation continues and cocaine affects the
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functions of the medulla, the child becomes hyperthermic,
develops hyperreflexia, and may have seizures. As the CNS
becomes exhausted, the child becomes comatose with
flaccid paralysis.
Tachypnea and increased depth of respiration evidence
the early stimulation phase of the CNS. Later, depression of
the medullary respiratory center occurs, the child becomes
more dyspneic and may progress to cyanosis and respiratory
failure. Seizures, or respiratory depression secondary to
antiepileptic medications, may also contribute to respiratory
failure in cocaine toxicity. Cerebral vascular accidents,
including subarachnoid hemorrhage, cerebral infarction,
transient ischemic attacks, and seizures have been reported
with cocaine toxicity. Seizures may develop secondary to
infarction or hemorrhage, and the majority are single,
generalized, and not associated with any lasting neurologic
deficits 53
Critical Care Management. Because cocaine is
absorbed quickly with smoking, snorting, or injection, no
treatment can decrease its absorption or enhance its excretion. If cocaine is ingested, GI decontamination may be
considered after initial stabilization of airway, breathing,
and circulation. Initial management of cocaine exposure
depends on the phase at which the patient presents for care.
Adequate cardiovascular and respiratory function is ensured. Assessment of cardiovascular function includes heart
rate and rhythm, blood pressure, and peripheral perfusion.
Respiratory evaluation includes assessment of both respiratory rate and depth, with pulse oximetry or arterial blood gas
analysis as needed. Intravenous access is obtained promptly
and vital signs are monitored frequently. Continuous core
temperature monitoring is initiated to assess for hyperthermia. Emesis is not used, but activated charcoal and a
cathartic may be given for oral ingestions. Whole bowel
irrigation has been used safely to remove packets and crack
vials in drug smugglers.
Cardiovascular dysfunction is initially treated with fluid
resuscitation. There is significant controversy regarding the
use of antidysrhythmics with cocaine ingestion. The majority of antidysrhythmic agents are contraindicated because
they exacerbate the problems of coronary artery spasm,
ischemia, infarction, and ventricular arrhythmias. A lidocaine bolus (I mg/kg) and continuous infusion (10 to 50
!!g/kg/min) may be required to suppress ventricular arrhythmias if no other alternatives are present. Benzodiazepines
slow the heart rate, may have an additive antiarrhythmic
effect, and are added, if not already used, only to offer
protection against the combined proconvulsant effect of
lidocaine and cocaine. If unable to determine whether the
dysrhythmia is from ischemia or sodium channel blockade
with QRS widening, sodium bicarbonate and benzodiazepines are given first, followed by lidocaine if dysrhythmias
persist. 53 Nitroglycerin may be used to relieve chest pain
and angina. Severe hypertension resulting from vasoconstriction is best treated with sedatives such as diazepam
(40 to 200 !!g/kg IV) or lorazepam (30 !!g/kg/day in three
or four doses intravenously) in an effort to control hypertension, calm the patient, prevent seizures, and decrease
hypertonicity. If these measures fail to control hypertension,

a continuous infusion of nitroprusside (0.2 to 10 !!g/kg/min)
may be necessary. Pulmonary artery pressure monitoring
may be indicated to estimate the left heart filling pressures
and to guide management.
Use of a tool such as the Glasgow coma scale or the
Pediatric Coma Scale guides neurologic assessment. Seizures may be treated with diazepam (I ()() to 250 !!g/kg) or
lorazepam (50 !!g/kg) given intravenously over 3 minutes.
Hyperpyrexia is aggressively treated with cooling blankets
or tepid baths, avoiding shivering, which increases body
temperature. Respiratory dysfunction management includes
maintenance of a patent airway as the first priority. Oxygen
may be administered to prevent complications of hypoxemia. Intubation is considered if the child is unable to
maintain a patent airway, adequate cough, or gag reflexes; if
seizures compromise respiratory function; or if arterial
blood gas analysis demonstrates hypercarbia. Mechanical
ventilation may be required to treat respiratory insufficiency
or respiratory failure.

Heroin
Etiology/Incidence. Heroin is an illicit semisynthetic narcotic agent initially developed as a less-addicting
morphine substitute. It originally gained popularity in the
1970s, but now a resurgence of heroin use and abuse has
occurred in the 1990s. Heroin has become cheaper and more
readily available in the past few years, and a new generation
of young heroin users has developed novel patterns of
abuse.
Heroin acts as a pro-drug that allows for rapid CNS
absorption, providing euphoric and toxic effects. All routes
of administration rapidly absorb heroin with intravenous
heroin at serum peak levels within I minute. Intranasal and
intramuscular heroin reach peak levels in 3 to 5 minutes, and
subcutaneous heroin reaches peak levels within 5 to 10
minutes. Heroin is seven times more toxic than intravenous
morphine and the route of administration strongly affects the
drug's potential for overdose or death. The majority of
nonfatal and fatal heroin overdoses occur when injected
intravenously.
Pathogenesis. Heroin is highly lipid soluble with
rapid and complete uptake into the CNS that produces a
feeling of intoxication. Heroin produces opiate intoxication
syndrome consisting of altered mental status, miosis, and
respiratory depression. It reacts with three types of receptors, mu, kappa, and delta, to produce a wide range of
changes in the CNS. Initial effects include euphoria,
sedation, impaired thinking, miosis, and mild decrease in
blood pressure and urinary retention. Toxic ingestions
produce hypotension, bradycar.dia, depressed respiration,
agitation, uncontrolled muscle movements, hallucinations,
headache, nausea and vomiting, stupor, coma, seizures, or
death 54
The mu receptors are responsible for most of the
analgesic effects, respiratory depression, delayed GI motility, miosis, and euphoria, whereas kappa agonists, independent of the mu receptors, produce analgesia, respiratory
depression, and dysphoria. Delta receptors work to mediate
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spinal analgesia. Centrally mediated respiratory depression
is caused by a direct effect on the brainstem, reducing
responsiveness to carbon dioxide. Respiratory depression is
the dominant symptom and the most common cause of death
in heroin overdose. Heroin crosses the blood-brain barrier
within 15 to 20 seconds and achieves a high brain level of
both heroin and its metabolites. In the CNS, heroin is
quickly hydrolyzed to a substrate that is metabolized over 20
to 30 minutes to morphine. Heroin and its metabolites both
have significant agonist and analgesic effects on the CNS.
Any circulating heroin can be hydrolyzed in the peripheral
tissues of the kidneys and liver to morphine. The byproducts of morphine are water soluble and readily excreted
in urine and bile 55
Critical Care Management. Heroin intoxication is
usually witnessed, and identification of the toxin is known.
Initial management includes assessment of adequacy of
ventilation and airway stability. The majority of patients will present with inadequate respiratory effort and
require assistance with bag-valve-mask breathing and
oxygen delivery. If ingestion of heroin is confinned,
parenteral naloxone therapy is initiated. If the patient does
not respond to naloxone within 10 minutes, or the airway
is unstable, then intubation is performed. If the patient is
breathing well without support, naloxone is not administered, and the patient is observed. Emesis is contraindicated because of rapid absorption of heroin and CNS
depression.
Gastric decontamination with whole bowel irrigation and
activated charcoal is used in cases of body packers or
"mules" who attempt to smuggle large numbers of concentrated drug packets by ingesting them. These individuals are
typically asymptomatic but are at risk for delayed and
prolonged toxicity from packet rupture. If symptomatic, a
continuous infusion of naloxone can be administered in
conjunction with gastric decontamination.
Ongoing management typically consists of supportive
care, primarily of the respiratory system with assisted
ventilation, until the CNS depressive effects are no longer
present. In the hypoventilating patient suspected of heroin
overdose, an initial dose of naloxone (0.1 mg/kg) may be
given, followed by a higher dose (maximum 2 mg) if no
response is seen in 3 to 5 minutes. The short duration of
action of naloxone may require multiple doses until
respiratory compromise is no longer present. A chest
radiograph is obtained for patients who clinically present
with a significant cough or poor oxygenation.
Naloxone treatment of heroin overdose is associated with
complications, including seizures, tachycardia, severe agitation, nausea and vomiting, diaphoresis, and hypertension.
Heroin has a I % to 3% associated risk of inducing
noncardiogenic pulmonary edema, whereas naloxone is
associated with a 1.6% rate of complications, including
seizures and arrhythmias. 55 Patients with heroin overdose
and respiratory compromise require observation and cardiorespiratory monitoring until cessation of clinical symptoms.
Patients are carefully evaluated to rule out coingestion,
especially benzodiazepines, which contribute to a much
higher complication rate.
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Methadone
Etiology/Incidence. Methadone is a synthetic narcotic that is used in the treatment of heroin addiction and
withdrawal. Methadone is unrelated to morphine but is
similar in mu effect. It replaces the illicit substance with a
legal, oral, and long-acting agent, but excessive dosing may
cause toxicity. Methadone will produce symptoms similar to
heroin intoxication and overdose. Children are particularly
susceptible to the effects of methadone overdose, with
respiratory depression and death potentially occurring with
a lO-mg dose.
Pathogenesis. Methadone is very lipid soluble and
well absorbed from the GI tract into the blood stream with
a long elimination half-life of 15 to 20 hours in children.
Methadone is 70% to 90% bound to albumin and plasma
proteins. The oral duration of action is 6 to 8 hours initially
and 22 to 48 hours after repeated doses. It is hydrolyzed with
a fairly extensive metabolism on first pass through the liver.
Methadone is excreted in sweat and saliva, and 10% is
excreted unchanged along with metabolites in urine and
stool. 54
Methadone can produce mild side effects such as
drowsiness, lightheadedness, weakness, euphoria, dry
mouth, and urinary retention with proper dosing. Symptoms
of methadone overdose include marked drowsiness, confusion, tremors, nausea and vomiting, cold and clammy skin,
hypotension, hypothermia, bradycardia, miosis, seizures,
stupor leading to coma, and severe respiratory depression 56
Critical Care Management. Methadone has a slow
onset of action and a very long duration of effect. All
patients who present with methadone toxicity require
hospitalization and monitoring. Initial management consists
of assessment and stabilization of respiratory effort. Intubation is performed for all patients with significant respiratory
depression. If respiratory depression is not immediately
addressed, cyanosis, hypoxia, and apnea may develop. The
major cause of death in methadone toxicity is respiratory
arrest.
Emesis is contraindicated. Activated charcoal may
be worthwhile because gastric motility is slowed by
methadone.
The majority of critical care management is supportive in
nature. The child may require intubation and mechanical
ventilation support until respiratory depression subsides.
The patient is initially NPO, and intravenous fluid is given
for hydration. Naloxone is given intravenously as a continuous infusion, starting with a loading dose (0.005 mg/kg)
followed by an infusion of 0.0025 mg/kg/hr, tapering
gradually as symptoms resolve to avoid relapse. Hypotension is treated with fluid boluses (20 ml/kg) and if refractory
may require inotropic support.

Phencyclidine
Etiology/Incidence. Phencyclidine (PCP) was developed in the 1950s as a dissociative anesthetic-analgesic. It
was the prototype of a drug combining analgesic and
anesthetic actions without respiratory or cardiovascular
depression. PCP produced dysphoric effects and was rapidly
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adapted as a street drug after being removed from the
pharmaceutical market. PCP is easily and cheaply synthesized from readily obtainable ingredients. It typically used
by polydrug abusers 57
PCP can be smoked, snorted, or ingested. [t has a rapid
onset of action and may elicit drug-induced psychosis with
flashbacks lasting for weeks.
Pathogenesis. PCP is a highly lipid-soluble drug,
which is also soluble in water and alcohol. It is metabolized
by the liver to hydroxyl and glucuronide and then excreted
in the urine as an inactive complex within 12 hours of
ingestion. PCP is thought to block the calcium channel
influx, which results from glutamate binding.
PCP primarily affects the CNS, stimulating a-adrenergic
receptors and potentiating catecholamines. The major effects are psychologic, sympathomimetic, cholinergic, and
cerebellar. People may have sharply contrasting responses to
PCP. It has profound effects on thinking, alters time perception and sense of reality, affects mood, and may create a
dreamlike, euphoric, or depressed state. Intoxication with
PCP may produce negative effects including disorientation,
confusion, anxiety, irritability, paranoid states, hostility, or
beUigerence. Dangerously violent behavior may develop. 58
At high doses, PCP abuse may produce nystagmus, hypertension, tachycardia, salivation, flushing, sweating, dizziness, blurred vision, ataxia, and CNS stimulation or depression. The symptoms are quite variable, and children present
with miosis, choreoathetosis, and seizures more often than
adults. 57 The presence of hypertension, abnormal behavior,
and miosis in children strongly suggest PCP poisoning.
Most fatalities associated with PCP poisoning are related to
violent actions rather than the toxicity of the dose. 19
Critical Care Management. Initial management
consists of assessing and maintaining adequate respiration,
circulation, and thermoregulation. To prevent self-injury. the
patient is safely restrained, using physical and chemical
methods as necessary. If the patient has a history of recent
ingestion of PCP, GI decontamination is initiated. Gastric
lavage may be performed once the patient's anxiety or
agitation is weU controlled. Activated charcoal effectively
absorbs PCP and increases its nonrenal clearance. Unless
there are specific contraindications, sorbitol is administered
with the activated charcoal. Alkaline diuresis, hemoperfusion, and hemodialysis are not beneficial because of the
substantial protein binding, high lipid solubility, and limited
renal excretion of PCP.
The continuation of supportive treatment until resolution of symptoms is the primary treatment. If seizures
occur, benzodiazepines can be used in addition to treating agitation. Hyperthermia is treated with passive cooling techniques. The patient is kept weU hydrated to
lessen the effects of rhabdomyolysis and prevent deposition of pigment in the kidneys, which could lead to renal
failure.
The majority of patients rapidly regain nomlal CNS
function within several hours of using PCP. However, some
patients may remain comatose or exhibit bizarre behavior
for days or even weeks after ingesting high doses. Patients

who may have an underlying psychiatric disorder may also
have symptoms for an extended period.
The major complication of PCP is from injuries related to
behavior, including self-inflicted injuries, injuries from
exceptional physical exertion, or injuries from resisting
physical restraints. Patients who have ingested PCP appear
to be unaware of their surroundings and pain because of
PCP's dissociative anesthetic effects.

HOUSEHOLD TOXINS
Caustics
Etiology/Incidence. A caustic is a substance that
causes functional and cellular damage on contact with body
surfaces. The injury results as neutralization of the substance takes place at the expense of the tissues, releasing
thermal energy and causing burns. Caustics are classified as
strong acids or alkalis and can be found in most homes. The
incidence of caustic injuries to the esophagus has increased
significantly since the use of concentrated liquid alkaline
cleansers became popular. In addition, many accidental
childhood ingestions occur as a result of the substances
being placed or stored in easily accessible and familiar
containers such as milk cartons and soda cans. Common
sources of acid exposure include toilet bowel cleaner,
swimming pool products, and battery fluid. Household
sources of alkali agents include drain openers, lye, hair
permanent products, and oven cleaners. The skin, eyes,
respiratory tract, and GI tract are all systems affected by
caustic injury. Ingestion of caustics causes the most
life-threatening and long-term morbidity. 59
The majority of caustic burns to the esophagus are a
result of sodium hydroxide or lye ingestions and most often
occur in children younger than 5 years of age. 60 Commercial
ammonia is an alkali that causes ulcers or full-thickness
burns to the esophagus after ingestion and irritation to the
lungs or pulmonary edema after inhalation. Toilet bowl
cleaners that contain sulfuric, hydrochloric, or phosphoric
acid burn the oropharyngeal mucosa and are usually spit out
on contact. Detergents and bleach are commonly ingested
by children and produce local irritation without causing
necrosis.
Pathogenesis. Esophageal burns produced by the
ingestion of caustic agents are classified as first-degree
burns, which produce hyperemia and superficial desquamation; second-degree burns, which result in blisters and
shaUow mucosal ulcers; and third-degree burns, which
produce deeper ulceration into the esophageal muscle. Caustics can affect a variety of regions along the
GI tract in addition to the esophagus because of the agents'
low surface tension and ability to spread to a large
surface area.
The location of the injury varies but can involve the
cricopharyngeal area, impression of the aortic arch and left
bronchus, lower esophageal sphincter, and stomach. Greater
damage occurs in these locations because the ingested agent
may become stagnant. Granular agents may imbed in the
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tissues of the oropharynx or proximal esophagus, whereas
liquid agents produce damage along the entire esophagus to
the stomach lining. When the lower esophageal sphincter is
involved, the resting pressure decreases, causing reflux of
the agent back and forth between the esophagus and
stomach. This is usually followed by violent regurgitation.
Acids produce a coagulating necrosis in the stomach and
esophagus, resulting in eschar formation. This limits deep
penetration into the tissue, but leads to metabolic acidosis
and pooling of acids in the stomach.
Alkaline agents usually affect the mouth, esophagus, and
stomach. However, it is possible to have esophageal burns
without oral involvement if the agent is swallowed rapidly.
The alkali acts as a solvent on the lipoprotein lining, causing
a liquefaction necrosis with inflammation and deep penetration into the mucosal, submucosal, and muscular layers of
the esophagus and stomach. This is followed several days
later by saponification of mucosal fats and proteins,
thrombosis of adjacent blood vessels, cell necrosis, and
tissue degeneration. Sloughing develops 4 to 7 days after
ingestion when bacteria invade the injured areas. The
development of strictures can occur anytime between 21 and
42 days after exposure 61
Critical Care Management. The identity, concentration, pH, and amount of substance ingested are important to
ascertain. Depending on the severity of injury, the patient
may present with physical findings of impending airway
obstruction. If possible, gentle or fiber-optic intubation is
preferred over blind nasotracheal because of the increased
risk of soft-tissue perforation. Emesis is contraindicated
because of the reexposure to the caustic agent. Gastric
lavage is also contraindicated for both acid and alkali
ingestions. Large liquid acid ingestions may benefit from
nasogastric suction because pyloric sphincter spasm may
prolong the contact time with the gastric mucosa. Activated
charcoal is relatively contraindicated because of poor
adsorption and endoscopic interference. If the gag reflex is
intact, dilution may be beneficial in the ingestion of solid or
granular alkaline material if performed within 30 minutes
of ingestion. The child can be given a small amount of
tap water (5 ml/kg) to dilute the substance, but the risk
of inducing emesis is weighed against the benefit of
dilution. Acids are not diluted with water because of
excessive heat production. All small children, symptomatic
patients, and those with altered mental status are admitted
for observation and subsequent endoscopy to evaluate the
extent of injury.
Hydration accompanied by NPO for 12 to 24 hours until
the extent of the injuries has been determined is initiated.
The child requires close observation for drooling or the
presence of lesions in the oral mucosa, stridor, hoarseness,
subcutaneous air, respiratory distress, acute peritonitis, and
hematemesis in the early stages of hospitalization. Airway
edema or obstruction may occur up to 48 hours after an
alkaline exposure, and delayed perforation may occur up to
4 days after an acid exposure.
The child who has sustained first-degree bums is
assessed for the ability to tolerate liquids and slowly
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advanced to a regular diet. For children with second-degree
and third-degree bums or evidence of perforation, the
administration of antibiotics and antacids may be indicated. These children may also need parenteral nutrition
and an endoscopy 2 to 3 weeks after the ingestion to
evaluate the extent of esophageal dysmotility or stricture
formation. Repeated esophageal dilations may be required
if strictures develop.59.61 Long-term sequelae may require
surgical intervention to repair the severely damaged
esophagus.

Hydrocarbons
Etiology/lncidence. Fully 60% of all hydrocarbon
exposures involve children and 90% of hydrocarbon-related
deaths involved children, younger than 5 years of age.
Hydrocarbons are defined as all-organic compounds made
of predominately carbon and hydrogen molecules, including those derived from petroleum distillation. Hydrocarbons are classified into four different categories: aliphatics
(paraffins), aromatics, alicyclics or cycloparaffins, and
halogenated products. Aliphatic hydrocarbons are found in
the form of petroleum distillates such as furniture polish,
lamp oil, lighter fluid, propane, and isobutane. Aromatic
hydrocarbons, such as benzene, toluene, and xylene, are
found in glues, nail polish, paints, and paint removers.
Alicyclic hydrocarbons are otherwise known as turpentine,
cyclopropane, and cyclohexane. Halogenated hydrocarbons, such as carbon tetrachloride, chloroform, methylene
chloride, Freon, and trichloromethane, are particularly
harmful because they produce various forms of systemic
toxicity.
Pathogenesis. The pulmonary system is predominately affected by hydrocarbon ingestion. The CNS, GI,
cardiac, and dermatologic systems are also commonly
affected with rare hematologic, hepatic, and renal effects.
Aliphatic hydrocarbons produce minimal systemic toxicity
but may cause pulmonary injury, depending on their
viscosity and ease of aspiration. Alicyclics can produce
pulmonary aspiration and direct CNS depression. Aromatic and halogenated hydrocarbons can cause cardiac
arrhythmias in addition to aspiration and CNS depression
(Box 30-2).
The risk of aspiration depends on the viscosity, surface
tension, and volatility of the substance. The lower the
viscosity and surface tension and the higher the volatility,
the greater the risk of aspiration. 62 Products with low
viscosity pose a high aspiration hazard because of the
tendency to spread over a large surface area. Chemical
pneumonitis may develop from as little as a few milliliters
of a hydrocarbon. Aspiration usually occurs at the time of
ingestion or upon emesis. Large amounts of most alicyclic
and aromatic hydrocarbons can be tolerated by ingestion if
not aspirated. Agents that are not aspirated easily but that
cause systemic toxicity (i.e., the halogenated hydrocarbons)
induce neurotoxicity. Benzene, in addition, is associated
with aplastic and acute myeloblastic anemia because of its
ability to injure bone marrow.
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Box 36-2
.
_~ Clinical Manifestations.o.f
. .... Hydrocarbon Ingestion
I. Pulmonary dysfunction
Tachypnea, dyspnea, adventitious breath sounds, oxygen
desaturation, cyanosis
2. CNS dysfunction
Euphoria, agitation, restlessness, confusion, seizures, coma
3. Cardiovascular dysfunction
Ventricular dysrhytbmias (tachycardia, fibrillation)
4. Gastrointestinal dysfunction
Oropharyngeal irritation, gastric irritation, vomiting.
hematemesis
5. Hepatic dysfunction
Elevated liver enzymes, hepatomegaly
6. Renal dysfunction
Urine positive for albumin, cells, casts

The ingestion of a hydrocarbon causes irritation of the
mouth, pharynx, and gastric mucosa and is usually followed
by vomiting. Aspiration of these substances, which are lipid
solvents, leads to hydrocarbon pneumonitis within 12 to 24
hours after exposure and is typically accompanied by rapid
development of low-grade fever. 62
Hydrocarbons disrupt surfactant, cause direct injury to
the epithelium and pulmonary capillaries and create bronchospasm, alveolar instability, and collapse resulting in
atelectasis and pulmonary edema. Symptoms exhibited
include coughing, retractions, grunting, tachypnea, dyspnea,
cyanosis, and severe hypoxia. Physical examination is
characterized by rales on auscultation, rhonchi, wheezing, or
decreased breath sounds. Positive radiographic findings,
such as perihilar densities, basilar pneumonitis, atelectasis,
and consolidation, have been noted as early as 2 hours after
ingestion. 63 Other pulmonary complications include pneumatoceles, emphysema, pleural effusion, pneumothorax,
pneumomediastinum, and pneumopericardium.
Halogenated and aromatic hydrocarbons are well absorbed by the GI tract and pulmonary system. This enables
them to cause direct CNS depression resulting in headache,
dizziness, ataxia, lethargy, changes in mental status, and
seizures. Patients can also exhibit signs of narcosis, inebriation, or coma. 4
Inhalation of halogenated hydrocarbons has been known
to cause fatal ventricular dysrhythmias resulting from
myocardial sensitization to catecholamines. The pathophysiologic effect of inhalation of these substances causes
increased ventricular irritability, predisposing the heart to
ventricular fibrillation.
All hydrocarbons produce symptoms of Gr distress
including nausea, vomiting, hematemesis, and diarrhea.
Absorption varies, depending on the type of hydrocarbon.
Aliphatic hydrocarbons have minimal absorption, whereas
alicyclic, aromatic, and halogenated hydrocarbons can have
significant GI absorption.
Halogenated hydrocarbons have been known to produce
centrilobular necrosis. Specific types include carbon tetra-

chloride and chloroform, which induce fatty degeneration of
the liver, resulting in necrosis. 64
Many halogenated hydrocarbons that produce hepatic
dysfunction also cause renal tubular acidosis. Damage
occurs directly to the proximal tubule and the loop of Henle
from carbon tetrachloride. This leads to acute renal failure
between I and 7 days after exposure. 64
Critical Care Management. Ingestion of hydrocar. bons commonly leads to gagging with pulmonary aspiration. Aspiration may lead to the rapid development of
chemical pneumonitis and intubation, and mechanical
ventilation is initiated quickly, preferably using a cuffed
endotracheal tube. Once initial stabilization is achieved,
consideration of gastric decontamination is considered.
Gastric emptying remains a controversial recommendation.
Because the majority of hydrocarbons do not cause
systemic toxicity but have significant risk for causing
pulmonary injury, emesis and gastric lavage are not
recommended. When there are no contraindications, gastric
emptying may be helpful for hydrocarbons that have
inherent toxicity, have been ingested with a toxin, or have
been used to stabilize a toxin or when a large volume
of hydrocarbon is ingested. Hydrocarbons that have
inherent toxicity include CHAMP: C--camphor, Hhalogenated hydrocarbons, A-aromatic hydrocarbons,
M-hydrocarbons associated with metals, and Phydrocarbons associated with pesticides 65
Children with a history of hydrocarbon ingestion are
monitored for signs of pulmonary aspiration, including
coughing, choking, or gagging and oxygen desaturation on
pulse oximetry. If these signs are present, a chest radiograph
is necessary to evaluate potential parenchymal injury.
Clothes are removed, copious bathing is done, and eye
irrigation performed if necessary to reduce absorption by
other routes.
Admission to the rcu is warranted in children with
severe parenchymal injury and pneumonia. Care of these
patients includes mechanical ventilation and close attention
to maintenance of a patent airway, effecti ve pulmonary
toilet, and routine monitoring of arterial blood gases until
symptoms of respiratory compromise subside. Pulmonary
dysfunction and radiographic changes detem1ine the degree
of mechanical support required in the acute phase of
parenchymal injury. Severe injuries may require the use of
extracorporeal membrane oxygenation.

SUMMARY
Children who have ingested pharmaceutical or nonpharmaceutical toxins are a critical care nursing challenge in
the emergency department and the ICU. The effects of a
toxic ingestion may be systemic, involving many organ
systems. Finely tuned collaboration between nurses, physicians, and poison experts is necessary for a positive
outcome for these patients. Intentional ingestions necessitate the involvement of psychiatry. Accidental ingestions
require education and reinforcement by the health care
team for caregivers and children to decrease the probability
of a reoccurrence.
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