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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
editors and the publisher of this work have checked with sources believed to be
reliable in their efforts to provide information that is complete and generally in
accord with the standards accepted at the time of publication. However, in view of
the possibility of human error or changes in medical sciences, neither the editors
nor the publisher nor any other party who has been involved in the preparation or
publication of this work warrants that the information contained herein is in every
respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this
work. Readers are encouraged to confirm the information contained herein with
other sources. For example and in particular, readers are advised to check the
product information sheet included in the package of each drug they plan to
administer to be certain that the information contained in this work is accurate and
that changes have not been made in the recommended dose or in the
contraindications for administration. This recommendation is of particular
importance in connection with new or infrequently used drugs.
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| Table of Antidotes in Brief

Readers of Goldfrank’s Toxicologic Emergencies are undoubtedly aware that the ed-
itors have always felt that an emphasis on general management of poisoning or over-
doses coupled with sound medical management is more important than, or as impor-
tant as, the selection and use of a specific antidote in the vast majority of cases.
Nevertheless, there are some instances where nothing other than the timely use of a
specific antidote or antagonist will save a patient. For this reason, and also because
the use of such antidotes may be problematic, controversial, or unfamiliar to the
practitioner (as new antidotes continue to emerge), we have included a section (or
sections) at the end of each chapter where a brief discussion of such antidotes is rel-
evant. The following Antidotes in Brief are included in this edition.
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| Preface

The eighth edition of Goldfrank’s Toxicologic Emergencies, published in 2006, con-
tinues to offer readers an approach to medical toxicology based on case studies. The
addition of almost 30 new chapters and five Antidotes in Depth, and the elimination
of seven other chapters, are a reflection of major advances, changes in understand-
ing, new intellectual approaches, and the ever expanding role of toxicologists at the
beginning of the 21st century.

An expanded number of authors and reassignment of more than 15% of the chap-
ters captures new and unique perspectives on toxicology. Critical events and con-
cerns at the turn of the new century led to an expansion of the chapter on chemical
and biological weapons, which was new in the seventh edition, to two separate chap-
ters. A chapter on risk assessment and risk communication offers the reader an ap-
propriate context for discussing these issues more effectively and the increasing em-
phasis on improving our use of medications is reflected by new chapters on patient
safety and poison prevention that focus on public health, the potential of medical in-
formatics, and the critical roles that providers play in improving clinical care.

However, as the eighth edition of Goldfrank’s Toxicologic Emergencies grew to more
than 2000 pages and the desire to include extensive supporting graphics and informa-
tion led to the inclusion of a corresponding website (available at www.goldfranks-
toxicology.com with the purchase of the main text), it also became clear that a smaller
clinically focused companion text could be valuable to the clinician who needed key in-
formation at the patient’s bedside.

All of our principles developed in detail in the textbook were adapted for this con-
cise manual of medical toxicology. We have attempted to retain the rigor of the chap-
ters in the main text while at the same time providing a focused approach designed
for use both at the bedside and by students and others who may not as yet be fully
committed to an in-depth study of medical toxicology. Although this manual is
meant to stand alone, it is also a companion work, as only the main text provides ex-
tensive supportive background information and the essential citations to the toxico-
logic literature of the world.

Work on the next edition of Goldfrank’s Toxicologic Emergencies literally begins
the day that the current edition is published. We worked to preserve and respect the
enormous personal effort given and rigor achieved by each author in the main text in
the condensed contributions presented in this manual. Consequently, the content and
style of this companion should be immediately recognizable to users of the previous
and current editions of Goldfrank’s Toxicologic Emergencies.

We hope that this “new text” serves you well. If it helps to provide better patient
care and stimulates interest in medical toxicology by students of medicine, nursing,
and pharmacy; by residents in emergency medicine, internal medicine, pediatrics,
preventive health, critical care, family practice, and others; by fellows in medical and
clinical toxicology; and by attending physicians and faculty, graduate pharmacists
and nurses as well as toxicologists, then our efforts will have indeed been worth-
while. As always, we encourage your submission of comments and thoughtful criti-
cisms, and we will do our best once again to incorporate your suggestions into future
editions.

Robert S. Hoffman
Lewis S. Nelson
Mary Ann Howland
Neal A. Lewin

Neal E. Flomenbaum
Lewis R. Goldfrank
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1 Historical Principles
and Perspectives

The term poison first appeared in the English literature around the year 1230
A.D. to describe a potion or draught that was prepared with deadly ingredi-
ents. The history of poisons and poisoning, however, dates back thousands of
years. Throughout the millennia, poisons have played an important role in hu-
man history—from political assassination in Roman times, to weapons of
war, to contemporary environmental concerns, and, more recently, to new
weapons of terrorism.

CLASSIFICATION OF POISONS

In his treatise, Materia Medica, the Greek physician Dioscorides (A.D. 40—
80), categorized poisons by their origin: animal, vegetable, or mineral. This
categorization remained the standard classification for the next 1500 years.

Animal Poisons

Animal poisons usually referred to the venom from poisonous animals. Al-
though the venom from poisonous snakes has always been among the most
commonly feared poisons, poisons from toads, salamanders, jellyfish, stin-
grays, and sea hares are also of concern. A notable fatality from the effects of
an animal toxin was Cleopatra (69-30 B.C.), who reportedly committed sui-
cide by deliberately falling on an asp.

Vegetable Poisons

Theophrastus (ca. 370-286 B.C.) described vegetable poisons in his treatise
De Historia Plantarum. Notorious poisonous plants included Aconitum spe-
cies (aconite, monkshood), Conium maculatum (poison hemlock), Hyoscya-
mus niger (henbane), Mandragora officinarum (mandrake), Papaver som-
niferum (opium poppy), and Veratrum album (hellebore). Hemlock was the
official poison used by the Greeks and was employed in the execution of So-
crates (ca. 470-399 B.C.) and many others.

Mineral Poisons

The mineral poisons of antiquity consisted of the metals: antimony, arsenic,
lead, and mercury. Although controversy continues to this day about whether
an epidemic of lead poisoning among the Roman aristocracy contributed to
the fall of the Roman Empire, lead was certainly used extensively during this
period.

Gases

Although not animal, vegetable, or mineral in origin, the toxic effects of
gases were also appreciated during antiquity. In the 3rd century B.C., Aristotle
commented that “coal fumes (carbon monoxide) lead to a heavy head and
death,” and Cicero (10643 B.C.) referred to the use of coal fumes in suicide
and execution.

Copyright © 2007 by The McGraw-Hill Companies, Inc. Click here for terms of use.



2 1 HISTORICAL PRINCIPLES AND PERSPECTIVES

RECENT POISONINGS AND POISONERS

Although accounting for just a tiny fraction of all homicidal deaths (0.16% in
the United States), notorious lethal poisonings continued throughout the 20th
century (Table 1-1). In 1982, deliberate tampering with nonprescription acet-
aminophen preparations with potassium cyanide caused seven deaths in Chi-
cago. Because of this tragedy, packaging of nonprescription medications was
changed to decrease the possibility of future product tampering. The perpe-
trator(s) were never apprehended, and other deaths from nonprescription
product tampering were reported in 1991.

In 1971, a 14-year-old in England killed his stepmother and other family
members with arsenic and antimony. Sent away to a psychiatric hospital, he
was released at 24 years of age, when he was no longer considered to be a
threat to society. Within months he began to engage in lethal poisonings, killing
several of his coworkers with thallium. Ultimately, he died in prison in 1990.

In 1978, Georgi Markov, a Bulgarian defector living in London, developed
multisystem failure and died four days after having been stabbed by an um-
brella carried by an unknown assailant. The postmortem examination re-
vealed a pinhead-sized metal sphere embedded in his thigh where he had
been stabbed. Investigators hypothesized that this sphere had most likely car-
ried a lethal dose of ricin into the victim. This theory was greatly supported
when ricin was isolated from the pellet of a second victim who was stabbed
under similar circumstances.

In 1998, a woman known as the “black widow” was executed for murder-
ing her husband with arsenic in 1971 in order to collect insurance money. She
was the first female executed in Florida in 150 years. The fatal poisoning re-
mained undetected until 1983, when she was accused of trying to murder her
fiancé with arsenic and by car bombing. Exhumation of the husband’s body,
12 years after he died, revealed substantial amounts of arsenic in the remains.

Healthcare providers are implicated in several poisoning homicides. An
epidemic of mysterious cardiopulmonary arrests at the Ann Arbor, Michigan,
Veterans Administration Hospital, in July and August 1975, was attributed to
the homicidal use of pancuronium by two nurses. Intentional digoxin poison-
ing by hospital personnel may have explained some of the increased number
of deaths on a cardiology ward of a Toronto pediatric hospital in 1981, but the
exact cause of the high mortality rate was unclear. In 2000, an English gen-
eral practitioner, was convicted of murdering 15 female patients with heroin,
and may have murdered as many as 297 patients during his 24-year career.
These recent revelations prompted calls for strengthening the death certifica-
tion process, for improving preservation of case records, and for better proce-
dures for monitoring controlled drugs.

Also in 2000, an American physician pleaded guilty to the charge of poi-
soning a number of patients under his care during his residency training. Suc-
cinylcholine, potassium chloride, and arsenic were some of the agents he
used to kill his patients. Attention to more careful physician credentialing and
to maintenance of a national physician database arose from this case because
the poisonings occurred at several different hospitals across the country. Con-
tinuing concerns about healthcare providers acting as serial killers is high-
lighted by a recent case in New Jersey in which a nurse was found responsi-
ble for killing patients with digoxin.

By the end of the 20th century, 24 centuries after Socrates was executed by
poison hemlock, the means of implementing capital punishment had come



TABLE 1-1. Important Early Figures in the History of Toxicology

Person Date Importance

Homer ca. 850 B.C. Wrote how Ulysses anointed arrows with the venom of serpents

Socrates ca. 470-399 B.C. Executed by poison hemlock

Aristotle 384-322 B.C. Described the preparation and use of arrow poisons

Theophrastus ca. 370-286 B.C. Referred to poisonous plants in De Historia Plantarum

Nicander 204-1358B.C. Wrote two poems that are among the earliest works on poisons: Theriaca and Alexipharmaca

King Mithridates VI ca. 132-63 B.C. Fanatical fear of poisons; developed mithradatum, one of first universal antidotes

Cleopatra 69-30 B.C. Committed suicide from deliberate cobra snake envenomation

Andromachus A.D. 37-68 Refined the mithradatum; known as the Theriac of Andromachus

Dioscorides A.D. 40-80 Wrote Materia Medica, which classified poison as animal, vegetable, or mineral

Galen ca. A.D. 129-200 Prepared “Nut Theriac” for Roman emperors, a remedy against bites, stings, and poisons; wrote De
Antidots land I

Ibn Wahshiya 9th Century Famed Arab toxicologist; wrote toxicology treatise Book on Poisons, combining contemporary science,

Moses Maimonides
Paracelsus
Bernardino Ramazzini
Percivall Pott

Felice Fontana

Philip Physick
Edward Jukes

Grand Marshall Bertrand
Pierre Touery
Bonaventure Orfila
Claude Bernard
James Marsh

Louis Lewin

Alice Hamilton

1135-1204
1493-1541
1633-1714
1714-1788
1730-1805
1767-1837
1820

1813

1831

1787-1853
1813-1878
1794-1846
1850-1929

1869-1970

magic, and astrology

Wrote Treatise on Poisons and Their Antidotes

Introduced dose-response concept to toxicology

Father of occupational medicine; wrote De Morbis Artificum Diatriba

First description of occupational cancer, relating the chimney sweep occupation to scrotal cancer
First scientific study of venomous snakes

Early advocate of orogastric lavage to remove poisons

Self-experimented with orogastric lavage apparatus known as Jukes’ syringe

Demonstrated charcoal’s efficacy in arsenic ingestion

Demonstrated charcoal’s efficacy in strychnine ingestion

Father of modern toxicology; wrote Traite des Poisons; first to isolate arsenic from human organs
Studied mechanism of toxicity of carbon monoxide and curare

Developed reduction test for arsenic

Studied many toxins, including methanol, chloroform, snake venom, carbon monoxide, lead, opiates,
and hallucinogenic plants

Conducted landmark investigations associating worksite chemical hazards with disease; led reform
movement to improve worker safety
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full circle. Government-sanctioned execution in the United States again fa-
vored the use of a “state” poison: this time, the combination of sodium thio-
pental, pancuronium, and potassium chloride.

The use of a poison to achieve a political end resurfaced in December 2004
when it was announced that the Ukrainian presidential candidate Viktor
Yushchenko was poisoned with the potent dioxin, TCDD (2,3,7,8-tetrachlo-
rodibenzo-p-dioxin). The dramatic development of chloracne over the face of
this public person during the previous several months suggested dioxin as a
possible culprit. Given the paucity of reports of acute dioxin poisoning, how-
ever, it was not until laboratory tests confirmed that Yushchenko’s dioxin le-
vels were more than 6000 times normal that this remarkable diagnosis was
confirmed. Table 1-2 lists other historically important figures in the history
of toxicology and Table 1-3 identifies significant legislation in the United
States involving poisons.



TABLE 1-2. Notable Poisoners from Antiquity to the Present

Poisoner Date Victim(s) Poison(s)

Locusta A.D. 54-55 Claudius and Britannicus Amanita phalloides, cyanide

Cesare Borgia 1400s Cardinals and kings La Cantarella (arsenic and phosphorus)

Catherine de Medici 1519-1589 Poor, sick, criminals Unknown agents

Madame Giulia Toffana Died 1719 >600 people Aqua toffana (arsenic trioxide)

Marchioness de Brinvilliers Died 1676 Hospitalized patients, husband, father Arsenic, lead, mercury, antimony, copper

Catherine Deshayes Died 1680 >2000 infants, many husbands La poudre de succession (arsenic mixed with
aconite, belladonna, and opium)

Marie Lefarge 1839 Husband Arsenic (first use of the Marsh test)

William Palmer, MD 1855 Fellow gambler Strychnine

Edmond de la Pommerais, MD 1863 Patient and mistress Digitalis

Edward William Pritchard, MD 1865 Wife and mother-in-law Antimony

Adelaide Bartlett (acquitted) 1886 Husband Chloroform

Florence Maybrick 1889 Husband Arsenic

Thomas Neville Cream, MD 1891 Prostitutes Strychnine

Hawley Harvey Crippen, MD 1910 Wife Hyoscine

Nannie Doss 1954 11 relatives, including 5 husbands Arsenic

Carl Coppolino, MD 1965 Wife Succinylcholine

Graham Frederick Young 1971 Stepmother, coworkers Thallium, antimony

Judias V. Buenoano 1971 Husband, son Arsenic

Ronald Clark O'Bryan 1974 Son and neighborhood children Cyanide (in Halloween candy)

Unknown 1978 Georgi Markov, Bulgarian defector Ricin

Jim Jones 1978 911 people in mass suicide Cyanide

Harold Shipman, MD 1974-1998 Patients (up to 297) Heroin

George Trepal 1988 Neighbors Thallium

Michael Swango, MD 1980s-1990s Hospitalized patients Succinylcholine, potassium chloride, arsenic

Charles Cullen, RN 1990s-2003 Hospitalized patients Digoxin

Unknown 2004 Viktor Yushchenko, Ukrainian Dioxin

presidential candidate




S TABLE 1-3. Protecting Our Health: Important US Regulatory Initiatives Pertaining to Xenobiotics Since 1900

Date Federal Legislation Intent
1906 Pure Food and Drug Act Prohibits interstate commerce of misbranded and adulterated foods and drugs
1914 Harrison Narcotics Act First federal law to criminalize the nonmedical use of drugs
1927 Federal Caustic Poison Act Mandated labeling of concentrated caustics
1930 Food and Drug Administration (FDA) estab- Successor to the Bureau of Chemistry; promulgation of food and drug regulations
lished
1937 Marijuana Tax Act Applied controls to marijuana similar to those applied to narcotics
1938 Federal Food, Drug, and Cosmetic Act Required toxicity testing of pharmaceuticals prior to marketing
1948 Federal Insecticide, Fungicide, and Rodenti-  Provided federal control for pesticide sale, distribution, and use
cide Act
1960 Federal Hazardous Substances Labeling Act ~ Mandated prominent labeling warnings on hazardous household chemical products
1962 Kefauver-Harris Drug Amendments Required drug manufacturer to demonstrate efficacy before marketing
1963 Clean Air Act Regulated air emissions by setting maximum pollutant standards
1966 Child Protection Act Banned hazardous toys when adequate label warnings could not be written
1970 Environmental Protection Agency (EPA) Established and enforced environmental protection standards
established
1970 Occupational Safety and Health Act (OSHA)  Created National Institute for Occupational Safety and Health (NIOSH) as research institution
for OSHA
1970 Poison Prevention Packaging Act Mandated child-resistant safety caps on certain pharmaceutical preparations
1972 Clean Water Act Regulated discharge of pollutants into US waters
1972 Consumer Product Safety Act Established Consumer Product Safety Commission
1972 Hazardous Material Transportation Act Authorized the Department of Transportation to regulate for the safe transportation of hazard-
ous materials
1973 Drug Enforcement Administration (DEA) Succeeded predecessor Bureau of Narcotics and Dangerous Drugs; charged with enforcing
created federal drug laws
1973 Lead-based Paint Poison Prevention Act Regulated the use of lead in residential paint. Lead in some paints later banned by Congress
in 1978
1974 Safe Drinking Water Act Set safe standards for water purity



1976

1976

1980

1983
1986

1986
1986

1994

1997
2002

Resource Conservation and Recovery Act
(RCRA)
Toxic Substance Control Act

Comprehensive Environmental Response
Compensation and Liability Act (CERCLA)
Federal Anti-Tampering Act

Controlled Substance Analogue
Enforcement Act

Drug-Free Federal Workplace Program
Superfund Amendments and Reauthoriza-
tion Act (SARA)

Dietary Supplement Health and Education
Act

FDA Modernization Act

The Public Health Security and Bioterrorism
Preparedness and Response Act

Authorized EPA to control hazardous waste from its generation to its disposal

Authorized EPA to track 75,000 industrial chemicals produced or imported into the United
States

Established trust fund (Superfund) to provide cleanup for hazardous waste sites. Agency for
Toxic Substances and Disease Registry (ATSDR) created

Response to cyanide-Tylenol deaths. Outlawed tampering with packaged consumer products
Instituted legal controls on analog (designer) drugs with chemical structures similar to
controlled substances

Executive order mandating drug testing of federal employees in sensitive positions
Amendment to CERCLA. Increased funding for hazardous waste (SARA) sites

Permitted dietary supplements including many herbal preparations to bypass FDA scrutiny
Accelerated FDA reviews, regulated advertising of unapproved uses of approved drugs

Tightened control on biologic agents and toxins; increased safety of the US food and drug
supply, and drinking water; and strengthened the Strategic National Stockpile




Antiquated Antidotes

Although the judicious use of some antidotes (eg, N-acetylcysteine, nalox-
one, pyridoxine) is critically important in the management of select poisoned
patients, other antidotes do not necessarily offer a distinct clinical advantage
and may create additional problems (eg, flumazenil, physostigmine), and oth-
ers have been found to be outmoded or antiquated.

ANALEPTICS

Analeptics are nonspecific arousal xenobiotics and include such stimulants as
strychnine, camphor, caffeine, picrotoxin, pentylenetetrazol, nikethamide,
amphetamine, and methylphenidate. The principal goal of analeptic therapy
was to awaken the patient as soon as possible. Many of these xenobiotics
function to reduce y-aminobutyric acid (GABA)-mediated inhibitory tone.

Unfortunately, many adverse effects occurred with the use of analeptics,
including hyperthermia, dysrhythmias, seizures, and psychoses. It gradually
became evident that analeptic therapy, despite its theoretic benefits, offered
no real advantage, did not reduce mortality, and placed the patient at risk for
significant iatrogenic complications.

Beginning in the mid-1940s, a distinctive approach to barbiturate overdose was
pioneered by Eric Nilsson and Carl Clemmesen at the Bispebjerg Hospital,
Copenhagen, Denmark. This treatment regimen, known as the Scandinavian
method, abandoned the use of analeptics in the treatment of barbiturate over-
doses. Instead of primarily emphasizing the termination of coma, attention was
directed at intensive supportive therapy with respiratory ventilation, oxygenation,
and cardiovascular support. This strategy was analogous to the postanesthetic re-
covery room care provided to surgical patients. Using this “revolutionary” ap-
proach, barbiturate overdose mortality significantly dropped from approximately
20% with stimulation therapy to 1-2% with the Scandinavian method.

EARLY TREATMENTS OF OPIOID OVERDOSES

Prior to the 1950s, opioid overdose was treated with many of the same analeptics.
In the early 1950s, two specific opioid antidotes were introduced: nalorphine
(Nalline) and levallorphan (Lorfan). These drugs reversed the respiratory effects
of an opioid overdose by blocking opioid receptors. Unfortunately, nalorphine
and levallorphan were mixed agonist/antagonists rather than pure antagonists,
limiting their usefulness. Respiratory depression could be potentiated, especially
in opioid-free patients. This was most likely to occur when these drugs were ad-
ministered to comatose patients with mild hypoventilation who had overdosed on
sedative-hypnotics or ethanol. Naloxone, introduced in the 1970s, is a pure opioid
antagonist and has replaced these other opioid-reversal agents.

DISCARDED TREATMENTS FOR ETHANOL WITHDRAWAL

In the mid-19th century, opium and, later, morphine were the primary phar-
macologic treatments for severe ethanol withdrawal. Unfortunately, this ap-

8
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proach was associated with problems related to opioid toxicity in these un-
monitored patients. Adjuncts used with the opioids included digitalis, which
was thought to provide benefit to counteract the adverse cardiac effects asso-
ciated with ethanol withdrawal. Once introduced, drugs such as ether and
chloroform were inhalationally administered to induce sleep for up to 24
hours. Other drugs that were employed included the bromide salts, but they
proved difficult to use and, in some cases, were associated with the develop-
ment of bromism.

By the early 20th century, chloral hydrate, barbiturates, and paraldehyde
also became mainstays of ethanol withdrawal therapy. Although some pa-
tients responded well to paraldehyde, it proved very difficult to titrate be-
cause of its variable rates of absorption. Additionally, it was associated with
the development of metabolic acidosis. Ethanol administered either intrave-
nously or orally also has been used to suppress withdrawal. However, its very
short duration of action, its titration difficulties, and its CNS metabolic ef-
fects and hepatotoxicity make it a suboptimal choice.

OUTDATED AND DANGEROUS EMETICS

Tartar emetic, an antimony salt, had a long history of use as an emetic, as well
as a sedative, expectorant, cathartic, and diaphoretic, but it is no longer used
because of its toxicity. The use of saltwater emetics was abandoned after nu-
merous cases of severe salt poisoning resulted from their administration.
Mustard powder has never proven effective. The use of copper sulfate as an
emetic also fell out of favor because of its caustic properties, its potential to
cause acute copper poisoning, and its unreliability. Zinc sulfate also is no
longer used as an emetic.

Until the 1980s, apomorphine was advocated as an emetic. It had a rapid
onset of action but its propensity to cause CNS depression increased the risk
of subsequent aspiration and made its use potentially very dangerous.

THE UNIVERSAL ANTIDOTE

For many years the “universal antidote,” sold under the trade names Unidote
and Res-Q, was a medical tradition and was advocated by many textbooks as
part of the standard management of the poisoned patient. Commercial prepa-
rations consisted of 1 part magnesium oxide, 1 part tannic acid, and 2 parts
activated charcoal. An alternative home recipe consisted of milk of magnesia,
strong tea, and burnt toast. Combination therapy of this sort was thought to
offer a broader spectrum of action than activated charcoal alone. It was theo-
rized that the magnesium oxide would neutralize acids and the tannic acid
would precipitate alkaloids and metals. Studies demonstrated that activated
charcoal was superior to the universal antidote in decreasing absorption and
that the decreased efficacy of the universal antidote was caused by tannic acid
interfering with activated charcoal’s adsorption of other toxins.

OTHER ANTIQUATED ANTIDOTES

Until the 1970s, typical recommendations for the treatment of alkali inges-
tions included the use of vinegar (acetic acid), lemon juice, or, in some cases,
dilute hydrochloric acid. Suggestions for neutralizing acid ingestions in-
cluded the use of magnesium hydroxide, lime water, and calcium carbonate.



10  ANTIQUATED ANTIDOTES

Because of the extremely rapid onset of action of caustics, concerns arose
over whether it was already too late to reverse the caustic process. Further-
more, the addition of neutralizing agents could increase the potential for a
consequential exothermic reaction and/or gas production. Such reactions in
an already weakened hollow viscus may be poorly tolerated and lead to ex-
tension of the tissue injury or perforation. For all of these reasons, the use of
neutralizing agents is no longer recommended.

Other antiquated antidotes include ferric hydroxide (antidotum arsenici),
which was used in the treatment of arsenic poisoning. Acetazolamide, which
was advocated for alkalinizing the urine in salicylate poisoning, causes a met-
abolic acidemia that can worsen the salicylate toxicity, and, consequently, is
no longer used. The use of sodium phosphate (Phospho-Soda) in the manage-
ment of iron overdose in an attempt to create insoluble ferrous phosphate
also has ceased because of problems with its marginal efficacy and resultant
hyperphosphatemia.

Many of our current antidotes have not undergone rigorous scientific eval-
uation regarding efficacy and safety. In time, some of these antidotes will un-
doubtedly join this list of antiquated antidotes. Lessons learned from the past,
such as the abandonment of analeptics, help to optimize present-day patient
care and to better prepare us to investigate and evaluate the next generation of
antidotes.



2 Toxicologic Plagues and
Disasters in History

Throughout history, mass poisonings have caused suffering and misfortune.
From the ergot epidemics of the Middle Ages to contemporary industrial di-
sasters, these plagues have had great political, economic, social, and envi-
ronmental ramifications. Particularly within the last 100 years, as the num-
ber of toxins and potential toxins has risen dramatically, toxic disasters are
an increasingly common event. The sites of some of these events—Bhopal
(India), Chernobyl (Ukraine), Love Canal (New York), Minamata Bay (Ja-
pan), Seveso (Italy), West Bengal (India)—have come to symbolize our in-
creasingly toxic habitat. This chapter is an overview of some of the most
consequential and historically important toxin-associated disasters. Global-
ization has led to the proliferation of toxic chemicals throughout the world.
Many chemical factories are not secure despite their storage of large
amounts of potentially lethal chemicals. Given the increasing attention to
terrorism preparedness, an appreciation of chemicals as agents of opportu-
nity for terrorists to employ as weapons has suddenly assumed much greater
importance.

GAS DISASTERS

Inhalation of toxic gases and oral ingestions resulting in food poisoning tend
to subject the greatest number of people to adverse consequences of a toxic
exposure (Table 2-1). Toxic gas exposures may be the result of a natural di-
saster (volcanic eruption), industrial mishap (fire, chemical release), chemical
warfare, or intentional homicidal or genocidal endeavor (concentration camp
gas chamber). Depending on the toxin, the clinical presentation may be acute,
with a rapid onset of toxicity (cyanide), or subacute/chronic, with a gradual
onset of toxicity (air pollution).

WARFARE AND TERRORISM

Exposure to toxic chemicals with the deliberate intent to inflict harm claimed
an extraordinary number of victims during the 20th century (Table 2-2).

During recent wars and terrorism events, a variety of physical and neu-
ropsychological ailments have been attributed to possible exposure to
toxic agents. Gulf War syndrome is a constellation of chronic symptoms,
including fatigue, headache, muscle and joint pains, ataxia, paresthesias,
diarrhea, skin rashes, sleep disturbances, impaired concentration, memory
loss, and irritability, which were noted in thousands of Persian Gulf War
veterans without a clearly identifiable cause. A number of etiologies have
been advanced to explain these varied symptoms, including exposure to
the smoke from burning oil wells; chemical and biological warfare agents,
including nerve agents; and medical prophylaxis, such as the use of pyri-
dostigmine bromide, anthrax vaccine, and botulinum toxin vaccine, al-
though the actual etiology remains unclear.

11
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TABLE 2-1. Gas Disasters

Toxin Location Date Significance
Smog (SO,) London 1873 268 deaths from bronchitis
NO,, CO, Cleveland Clinic 1929 Fire in radiology department,
CN 125 deaths
Smog (SO,) Belgium, Meuse 1930 64 deaths
Valley
CO, CN Cocoanut Grove 1942 498 deaths from fire
Night Club,
Boston, MA
CO Salerno, Italy 1944 >500 deaths on train stalled in
tunnel
Smog (SO,) Donora, PA 1948 20 deaths, thousands ill
Smog (SO,) London 1952 4000 deaths
Dioxin Seveso, ltaly 1976 Unintentional industrial

release of dioxin into environ-
ment; chloracne

Methyl iso- Bhopal, India 1984 >2000 deaths; 200,000 inju-
cyanate ries
CO, Cameroon 1986 >1700 deaths from release of
gas from Lake Nyos
CO, 7CN Happy Land 1990 87 died in fire from toxic
Social Club, smoke
Bronx, NY
Hydrogen Xiaoying, China 2003 243 died and 10,000 became
sulfide ill from gas poisoning after a
gas well exploded
CO, ?CN West Warwick, Rl 2003 98 died in fire

TABLE 2—-2. Warfare and Terrorism Disasters

Toxin Location  Date Significance
Chlorine, Ypres, 1915-1918 100,000 dead/1.2 million casual-
phosgene, Belgium ties from chemicals during World
mustard gas War |
CN, CO Europe 1939-1945  Millions murdered by Zyklon-B
(HCN) gas
Agent Orange Vietnam 1960s Contained dioxin
Mustard gas Irag-lran 1982 New cycle of war gas casualties
Toxic smoke? Persian 1991 Gulf War syndrome—possible
Gulf toxic etiology
Sarin Matsu- 1994 First of terrorist attacks in Japan
moto, using sarin
Japan
Sarin Tokyo 1995 Subway exposure; 5510 people
seek medical attention
Dust and other New 2001 World Trade Center collapse
particulates York, NY from terrorist air strike resulted in

significant respiratory disease
among rescuers
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FOOD DISASTERS

Unintentional contamination of food and drink has led to numerous toxic di-
sasters (Table 2-3). Poisoning may occur as a consequence of the introduc-
tion of a multitude of xenobiotics in the food supply at the level of the end
user or earlier in the food supply chain. Although most of these epidemics
were unintentional, some were not, and nearly all were preventable.

TABLE 2-3. Food Disasters

Toxin Location Date Significance
Ergot Aquitania, A.D. 994 40,000 died in the epidemic
France
Ergot Salem, MA 1692 Neuropsychiatric symptoms
may be attributable to ergot
Lead Devonshire, 1700s Colic from production of cider
England
Arsenious France 1828 40,000 cases of polyneuropa-
acid thy from contaminated wine
and bread
Lead Canada 1846 134 men died during the Frank-
lin expedition, possibly
because of contamination of
food stored in lead cans
Arsenic Staffordshire, 1900 Arsenic-contaminated sugar
England used in beer production
Cadmium Japan 1939-1954 ltai-itai (“ouch-ouch”) disease
Hexachlo- Turkey 1956 4000 cases of porphyria cuta-
robenzene nea tarda
Methyl Minamata 1950s Organic mercury poisoning
mercury Bay, Japan from fish
Triorthocresyl Meknes, 1959 Cooking oil adulterated with
phosphate Morocco turbojet lubricant
Cobalt Quebec City, 1960s Cobalt beer cardiomyopathy
Canada, and
others
Methylenedi- Epping, 1965 Jaundice
aniline England
Polychlorinated  Japan 1968 Yusho disease
biphenyls
Methyl mercury Iraq 1971 >400 deaths from contami-
nated grain
Polybrominated  Michigan 1973 97% of state contaminated
biphenyls through food chain
Polychlorinated  Taiwan 1979 Yu-Cheng disease
biphenyls
Rape seedoil ~ Spain 1981 Toxic oil syndrome affected
(denatured) 19,000 people
Arsenic Buenos Aires 1987 Malicious contamination of
meat; 61 people underwent
chelation
Arsenic Bangladesh 1990s- Ground water contaminated with
and West present arsenic; millions exposed;
Bengal, India 100,000s with symptoms; great-
est mass poisoning in history
Nicotine Michigan 2003 Deliberate contamination of

ground beef; 92 people
became ill
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MEDICINAL DRUG DISASTERS

Illness and death as a consequence of therapeutic drug use occur as sporadic
events, usually affecting individual patients, or as mass disasters, affecting
multiple (sometimes hundreds or thousands) patients. Sporadic single-patient
medication-induced tragedies usually result from errors or unforeseen idio-
syncratic reactions. Mass therapeutic drug disasters have generally occurred
secondary to poor safety testing, a lack of understanding of diluents and ex-
cipients, drug contamination, or problems with unanticipated drug—drug in-
teractions or drug toxicity (Table 2—4).

ALCOHOL AND ILLICIT DRUG DISASTERS

Unintended toxic disasters have also resulted from the contamination or adul-
teration of alcohol and other drugs of abuse (Table 2-5).

OCCUPATIONAL-RELATED CHEMICAL DISASTERS

Unfortunately, occupational toxic epidemics are increasingly common (Table
2-6). These poisoning syndromes tend to have an insidious onset and may
not be recognized clinically until years after the exposure. A specific toxin
may cause myriad problems, among the most worrisome being the toxin’s
carcinogenic and mutagenic potentials. While the observations of Ramazzini
and Pott in the 18th century introduced the concept that certain diseases were
a direct result of toxic exposures in the workplace, it was not until the height
of the 19th century’s industrial revolution that the problems associated with
the increasingly hazardous workplace became apparent.

TABLE 2—-4. Medicinal Disasters

Toxin Location Date Significance
Thallium us 1920s- Used for ringworm; 31 deaths
1930s
Diethylene glycol ~ US 1937 Elixir of sulfanilamide; renal failure
and death
Thorotrast us 1930s— Hepatic angiosarcoma
1950s
Phenobarbital us 1940- Sulfathiazole contaminated with
1941 phenobarbital; 82 deaths
Diethylstilbestrol us, 1940s— Vaginal adenocarcinoma in
(DES) Europe 1970s daughters
Stalinon France 1954 Severe neurotoxicity from triethyl-
tin
Thalidomide Europe 1960s 5000 cases of phocomelia
Isoproterenol Great 1961- 3000 excess asthma deaths
30% Britain 1967
Pentachloro- us 1967 Used in hospital laundry; 9 neo-
phenol nates ill, 2 deaths
Benzyl alcohol us 1981 Gasping syndrome
Acetaminophen- ~ Chicago 1982 Tampering incident resulted in 7
cyanide homicides
L-Tryptophan us 1989 Eosinophilia-myalgia syndrome
Diethylene glycol ~ Haiti 1996 Acetaminophen elixir contami-

nated; renal failure; >88 pediatric
deaths
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TABLE 2-5. Alcohol and lllicit Drug Disasters

Toxin Location Date Significance

Triorthocresyl us 1930- Ginger Jake paralysis

phosphate 1931

Methanol Atlanta, 1951 Epidemic from ingesting bootleg
GA whiskey

Methanol Jackson, 1979 Occurred in a prison
MiI

MPTP San Jose, 1982 lllicit meperidine manufacturing
CA resulting in drug-induced parkin-

sonism

3-Methyl fentanyl  Pitts- 1988 “China-white” epidemic
burgh, PA

Methanol Baroda, 1989 Moonshine contamination; 100
India deaths

Fentanyl New York, 1990 “Tango and Cash” epidemic
NY

Methanol New Delhi, 1991 Antidiarrheal medication contami-
India nated with methanol; >200 deaths

Methanol Cuttack, 1992 Methanol tainted liquor; 162
India deaths

Scopolamine US East 1995- 325 cases of anticholinergic poi-
Coast 1996 soning in heroin users

Methanol Cambodia 1998 >60 deaths

TABLE 2-6. Occupational Disasters

Toxin Location Date Significance
Polycyclic aromatic ~ England 1700s High incidence of scrotal can-
hydrocarbons cer among chimney sweeps;

first description of occupa-
tional cancer

Mercury New Mid- to Outbreak of mercurialism in
Jersey late hatters
1800s
White phosphorus ~ Europe Mid- to Phossy-jaw in matchmakers
late
1800s
B-Naphthylamine Worldwide Early Increased bladder cancer in
1900s dye makers
Benzene Newark, 1916- Aplastic anemia among artifi-
NJ 1928 cial leather manufacturers
Asbestos Worldwide 20th Millions at risk for asbestos-
century  related disease
Vinyl chloride Louisville, 1960s- Increased cases of hepatic
KY 1970s angiosarcoma among polyvi-
nyl chloride polymerization
workers
Chlordecone James 1973- Increased incidence of neuro-
River, VA 1975 logic abnormalities among
insecticide workers
1,2-Dibromochloro-  California 1974 Infertility among pesticide

propane makers
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RADIATION DISASTERS

A discussion of mass poisonings is incomplete without mention of a growing
number of radiation disasters that have occurred in the 20th century (Table 2—-7).

TABLE 2-7. Radiation Disasters

Toxin Location Date Significance
Radium Orange, NJ 1910s— Increase in bone cancer in dial-
1920s painting workers
Radium us 1920s “Radithor” (radioactive water) sold as
radium-containing patent medication
Radiation  Hiroshima and 1945 First atomic bombs dropped at end
Nagasaki, of World War II; clinical effects still
Japan evident today
Radiation  Chernobyl, 1986 Human error produced an explosion
USSR that scattered radiation throughout
Europe and beyond
Cesium Goiania, Brazil 1987 Acute radiation sickness and radia-

tion burns
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3 Initial Evaluation of the
Patient: Vital Signs and
Toxic Syndromes

For more than 200 years the American medical community has attempted to
standardize its approach to the assessment of patients. In the practice of med-
ical toxicology, vital signs play an important role beyond assessing and mon-
itoring the overall status of a patient, as they frequently provide valuable
physiologic clues to the toxicologic etiology and severity of an illness. The
vital signs also are a valuable parameter with which to assess and monitor a
patient’s response to supportive treatment and antidotal therapy.

Table 3—1 presents the normal vital signs for various age groups. However,
the broad range of values considered normal should serve merely as a guide.
Only the complete assessment of a patient can determine whether or not a
particular vital sign is truly clinically normal. This table of normal vital signs
is useful in assessing children, as normal values for children vary consider-
ably with age, and knowing the range of variation is essential. The normal
temperature is defined as 95-100.4°F (35-38°C).

Table 3-2 describes the most typical toxic syndromes. This table includes
only those vital signs that are thought to be characteristically abnormal or
pathognomonic and directly related to the toxicologic effect of the xenobi-
otic. The main purpose of the table, however, is to include the many findings
in addition to the vital signs that together constitute a toxic syndrome.
Mofenson and Greensher coined the term toxidrome from the words foxic
syndrome to describe the groups of signs and symptoms that consistently re-
sult from particular toxins. These syndromes are usually best described by a
combination of the vital signs and clinically obvious end-organ manifesta-
tions. The signs that prove most clinically useful are those involving the cen-
tral nervous system (mental status); ophthalmic system (pupil size); gas-
trointestinal system (peristalsis); dermatologic system: skin (dryness vs.
diaphoresis) and mucous membranes (moistness vs. dryness); and genitouri-
nary system (urinary retention vs. incontinence). Table 3-3 includes some of
the most important signs and symptoms and the xenobiotics most commonly
responsible for these manifestations. A detailed analysis of each sign, symp-
tom, and toxic syndrome can be found in the pertinent chapters throughout
this text.

In considering a toxic syndrome, the reader should always remember that
the actual clinical manifestations of an ingestion or exposure are far more
variable than the syndromes described in Table 3-2. Although some patients
may present as “classic” cases, others will manifest partial toxic syndromes
or formes frustes. Incomplete syndromes still may provide at least a clue to
the correct diagnosis. It is important to understand that partial presentations
(particularly in the presence of multiple xenobiotics) do not necessarily imply
less severe disease and, therefore, are no less important to appreciate.

Tables 3—4 to 3—7 highlight xenobiotics commonly associated with various
vital sign abnormalities.
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TABLE 3—1. Normal Vital Signs by Age

Systolic BP Diastolic BP Pulse Respirations

Age (mm Hg) (mm Hg) (beats/min)  (breaths/min)*
Adult 120 80 60-100 16-24

16 years 120 80 80 16-30
12 years 119 76 85 16-30
10 years 115 74 90 16-30

6 years 107 69 100 20-30

4 years 104 65 110 20-30

2 years 102 58 120 25-30

1 year 100 55 120 25-30

6 months 90 55 120 30

4 months 20 50 145 30-35

2 months 85 50 145 30-35
Newborn 65 50 145 35-40

The normal rectal temperature is defined as 95-100.4°F (35-38°C) for all ages.
For children <1 year of age these values are the mean values for the 50th per-
centile. For the older children these values represent the 90th percentile at a

specific age for the 50th percentile of weight in that age group.

*These values were determined in the emergency department and may be
environment and situation dependent.

TABLE 3-2. Toxic Syndromes

R
2 8 8
» & 9
Vital Signs Mental 3 2 g2
Group BP P R T  Status & & & Other
Anticholin- -/ 1t =+ 1 Delirium T 1 1 Drymucous
ergics membranes,
flush, urinary
retention
Cholinergics = = -/ - Normalto = T 1  Salivation, lacri-
depressed mation, urina-
tion, diarrhea,
bronchorrhea,
fasciculations,
paralysis
Ethanol or V4V - Depressed * + - Hyporeflexia,
sedative- ataxia
hypnotics
Opioids Il Ll Depressed ¥ ¥~ Hyporeflexia
Sympatho-  t 1t 1© 1 Agitated T _ 1 Tremor, seizures
mimetics /
T
Withdrawal T~ 1+ 1t 1 Agitated, T 1 1 Tremor, seizures
from ethanol disori-
or sedative- ented
hypnotics
Withdrawal T T - - Normal, T 42 1 Vomiting, rhinor-
from opioids anxious rhea, piloerec-

tion, diarrhea,
yawning

T = increases; = decreases; + = variable; — = change unlikely.
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TABLE 3-3. Clinical and/or Laboratory Findings in Poisoning

Agitation

Alopecia
Ataxia

Blindness or
decreased
visual acuity
Blue skin
Constipation
Tinnitus,
deafness
Diaphoresis

Diarrhea

Dysesthesias,
paresthesias
Gum discol-
oration
Hallucinations

Headache

Metabolic aci-
dosis (ele-
vated anion
gap) [MUD-
PILES]

Miosis
Mydriasis

Nystagmus

Purpura
Radiopaque
ingestions
Red skin
Rhabdomy-
olysis
Salivation

Seizures

Tremor

Anticholinergics®?, hypoglycemia, phencyclidine, sympatho-
mimetics®, withdrawal from ethanol and sedative-hypnotics
Alkylating agents, radiation, selenium, thallium
Benzodiazepines, carbamazepine, carbon monoxide, etha-
nol, hypoglycemia, lithium, mercury, nitrous oxide, phenytoin
Caustics (direct), cocaine, cisplatin, mercury, methanol,
quinine, thallium

Amiodarone, FD&C #1 dye, methemoglobin, silver
Anticholinergics?, botulism, lead, opioids, thallium (severe)
Aminoglycosides, cisplatin, metals, loop diuretics, quinine,
salicylates

Amphetamines, cholinergics®, hypoglycemia, opioid with-
drawal, salicylates, serotonin syndrome, sympathomimetics®,
withdrawal from ethanol and sedative-hypnotics

Arsenic and other metals, boric acid (blue-green), botanical
irritants, cathartics, cholinergics®, colchicine, iron, lithium,
opioid withdrawal, radiation

Acrylamide, arsenic, ciguatera, cocaine, colchicine, thallium

Arsenic, bismuth, hypervitaminosis A, lead, mercury

Anticholinergics?, dopamine agonists, ergot alkaloids, etha-
nol, ethanol and sedative-hypnotic withdrawal, LSD, phen-
cyclidine, sympathomimetics®, tryptamines (eg, AMT)
Carbon monoxide, hypoglycemia, monoamine oxidase inhibi-
tor/food interaction (hypertensive crisis), serotonin syndrome
Methanol, uremia, ketoacidosis (diabetic, starvation, alco-
holic), paraldehyde, phenformin, metformin, iron, isoniazid,
lactic acidosis, cyanide, protease inhibitors, ethylene glycol,
salicylates, toluene

Cholinergics®, clonidine, opioids, phencyclidine, phenothiazines
Anticholinergics?, botulism, opioid withdrawal, sympathomi-
metics®
Barbiturates, carbamazepine, carbon monoxide, ethanol, lith-
ium, monoamine oxidase inhibitors, phencyclidine, pheny-
toin, quinine
Anticoagulant rodenticides, clopidogrel, corticosteroids,
heparin, pit viper venom, quinine, salicylates, warfarin
Arsenic, chloral hydrate, enteric coated tablets, halogenated
hydrocarbons, metals (eg, iron, lead)
Anticholinergics®?, boric acid, disulfiram, scombroid,
vancomycin
Carbon monoxide, doxylamine, HMIG CoA reductase
inhibitors, sympathomimetics®, Tricholoma equestre
Arsenic, caustics, cholinergics®, ketamine, mercury,
phencyclidine, strychnine, clozaphine
Bupropion, carbon monoxide, cyclic antidepressants,
Gyromitra mushrooms, hypoglycemia, isoniazid, methylxan-
thines, withdrawal from ethanol and sedative-hypnotics
Antipsychotics, arsenic, carbon monoxide, cholinergics®, eth-
anol, lithium, mercury, methyl bromide, sympathomimetics®,
thyroid replacement

(continued)
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TABLE 3-3. Clinical and/or Laboratory Findings in Poisoning (continued)

Weakness Botulism, diuretics, magnesium, paralytic shellfish, steroids,
toluene
Yellow skin Acetaminophen (late), pyrrolizidine alkaloids, B carotene,

amatoxin mushrooms. dinitrophenol
aAnticholinergics: eg, antihistamines, atropine, cyclic antidepressants, scopol-
amine.
bSympathomimetics: eg, amphetamines, p adrenergic agonists, cocaine,
ephedrine.
°Cholinergics: eg, muscarinic mushrooms, organic phosphorus compounds
and carbamates including select Alzheimer drugs and physostigmine, pilo-
carpine and other direct acting drugs.

TABLE 3—4. Common Xenobiotics That Affect Blood Pressure

Hypotension Hypertension

a4-Adrenergic antagonists Ergot alkaloids

a,-Adrenergic agonists Lead (chronic)

B-Adrenergic antagonists Monoamine oxidase inhibitors
Angiotensin converting enzyme  (overdose early and drug-food
inhibitors and angiotensin interaction)

receptor blockers Nicotine (early)
Antidysrhythmics Phencyclidine

Calcium channel blockers Sympathomimetics

Cyanide Yohimbine

Cyclic antidepressants

Ethanol and other alcohols

Iron

Methylxanthines

Nitrates and nitrites
Nitroprusside

Opioids

Phenothiazines
Phosphodiesterase-5' inhibitors
Sedative-hypnotics

Chap. 23 lists additional agents that affect hemodynamic function.

TABLE 3-5. Common Xenobiotics That Affect Pulse

Bradycardia Tachycardia

a,-Adrenergic agonists Anticholinergics

B-Adrenergic antagonists Cyclic antidepressants

Baclofen Disulfiram/ethanol

Calcium channel blockers Ethanol and sedative hypnotic withdrawal
Cardioactive steroids Iron

Ciguatera Methylxanthines

Ergot alkaloids Phencyclidine

Opioids Phenothiazines

Sympathomimetics
Thyroid replacement
Yohimbine

Chap. 23 lists additional agents affecting heart rate.
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TABLE 3-6. Common Xenobiotics That Affect Respiration
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Bradypnea Tachypnea

a,-Adrenergic agonists Cyanide

Botulinum toxin Dinitrophenol and congeners
Ethanol and other alcohols Epinephrine

y-Hydroxybutyric acid
Neuromuscular blockers

Opioids

Organic phosphorus insecticides
Sedative-hypnotics

Ethylene glycol

Hydrogen sulfide
Methanol

Methemoglobin producers
Methylxanthines

Nicotine (early)
Salicylates
Sympathomimetics

Chap. 22 lists additional agents affecting respiratory rate.

TABLE 3-7. Common Xenobiotics That Affect Temperature

Hyperthermia

Hypothermia

Anticholinergics

Chlorphenoxy herbicides
Dinitrophenol and congeners
Malignant hyperthermia
Monoamine oxidase inhibitors
Neuroleptic malignant syndrome
Phencyclidine

Salicylates

o,-Adrenergic agonists
Carbon monoxide
Ethanol

Hypoglycemic agents
Opioids
Sedative-hypnotics
Thiamine deficiency

Sedative-hypnotic or ethanol withdrawal

Serotonin syndrome
Sympathomimetics
Thyroid replacement

Chap. 16 lists additional agents affecting temperature.



4 Principles of Managing the
Poisoned or Overdosed Patient

Medical toxicologists and poison information specialists typically use a clini-
cal approach to the poisoned patient that emphasizes treating the patient
rather than treating the poison. Too often in the past, patients were initially all
but neglected while attention was focused on the ingredients listed on the
containers of the product(s) to which, presumably, they were exposed. Al-
though the astute clinician must always be prepared to administer a specific
antidote immediately in those instances when nothing else will save a patient,
all poisoned or overdosed patients will benefit from an organized, rapid clini-
cal management plan (Fig. 4-1).

In the mid-1970s, most medical toxicologists began to advocate a standard-
ized approach to a comatose and possibly overdosed adult patient, typically
calling for the intravenous administration of 50 mL of Dy,W, 100 mg of thia-
mine, 2 mg of naloxone, as well as 100% oxygen at high flow rates. Today,
however, with the widespread availability of accurate, rapid reagent, bedside
testing for blood glucose and pulse oximetry for oxygen saturation, coupled
with a greater appreciation of individualized care for the overdose patient, clini-
cians can safely provide a more rational approach that calls for selective use of
these therapies.

A second major approach to providing more rational individualized early
treatment for toxicologic emergencies involves a closer examination of the ac-
tual benefits and risks of various gastrointestinal decontamination techniques.
Appreciation of the potential for significant adverse effects associated with all
types of gastrointestinal decontamination techniques and recognition of the ab-
sence of clear evidence-based support of efficacy, have led to a significant re-
duction in the routine use of syrup of ipecac-induced emesis and orogastric lav-
age, as well as cathartic-induced intestinal evacuation. Additionally, the value
of whole bowel irrigation with polyethylene glycol electrolyte solution [whole-
bowel irrigation (WBI) with polyethylene glycol electrolyte lavage solution
(PEG-ELS)] appears to be much more specific and limited than originally
thought. Likewise, some of the limitations and (uncommon) adverse effects of
activated charcoal (AC) are now more widely recognized.

Similarly, interventions to eliminate absorbed toxins from the body are
now much more narrowly defined or, in some cases, abandoned: Multiple-
dose activated charcoal (MDAC) is useful for only a few xenobiotics. Ion-
trapping in the urine is only beneficial, achievable, and relatively safe when
the urine can be maximally alkalinized after a significant salicylate, phe-
nobarbital, or chlorpropamide poisoning. Finally, the roles of hemodialysis,
hemoperfusion, and other extracorporeal techniques are now much more spe-
cifically defined.

INITIAL MANAGEMENT OF A PATIENT WITH
A SUSPECTED TOXIC EXPOSURE

The clinical approach to potentially poisoned patients begins with the recog-
nition and treatment of life-threatening conditions: airway compromise,
breathing difficulties, and circulatory problems (the “ABCs”) such as hemo-
dynamic instability and serious dysrhythmias. Once the ABCs are addressed,
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| Is the patient having difficulty breathing?

Yes ‘

Obtain control of the airway,
ventilation, and oxygenation
while stabilizing the cervical
spine if indicated

No

Obtain oxygen saturation by pul

cervical spine if indicated

oximetry; assess and stabilize the

se

{

| Obtain vital signs. Are life-threatening abnormalities present? |—

l Yes

No

3. Start an intravenous line

1. Attach the patient to a cardiac monitor; obtain a 12-lead ECG
Obtain oxygen saturation by pulse oximetry and an ABG (or VBG)
and give supplemental oxygen if not already done

4. Obtain bedside rapid reagent glucose and send blood for glucose
and electrolytes; save blood for other studies

!

Consider empiric administration of
1. Hypertonic dextrose

2. Thiamine

3. Naloxone

abnormalities

Consider the use of emergent therapies for
seizures, significant psychomotor agitation,
cardiac dysrhythmias, or severe metabolic

Obtain a rapid hi

rapid physical examination

story; perform a

{

Can a specific
be identified?

toxic syndrome

Yes

L No

Treat the toxic syndrome |

!

Obtain a thorough history

Reassess and complete the physical examination

Send bloods: electrolytes, glucose,

(or VBG), acetaminophen, as indicated

Obtain an ECG if not already done

CBC, ABG,

Consider gastric
emptying with
orogastric lavage

[ with

Consider prevention of
xenobiotic absorption

1. Activated charcoal
2. Whole-bowel
irrigation

|, | elimination
charcoal

3. Extracorpo

Evaluate for enhanced
1. Multiple-dose activated

2. Urinary alkalinization

real drug removal

!

discharge, as indicated

Evaluate for ICU admission or continued emergency department management;
assess psychiatric status, and determine social services needs prior to

FIG. 4-1.

This algorithm is a basic guide to the management of poisoned

patients. A more detailed description of the steps in management may be
found in the accompanying text. This algorithm is only a guide to actual man-
agement, which must, of course, consider the patient’s clinical status.
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the patient’s level of consciousness should be assessed, as this helps to deter-
mine the techniques to be used for further management of the exposure. Ex-
tremes of core body temperature must be addressed early in the evaluation
and treatment of a patient with altered mental status.

In most cases, a bedside, rapid reagent, blood glucose determination
should be obtained as soon as possible, followed by an ECG. Both of these
rapid, inexpensive, minimally invasive tests provide essential clues to the life-
threatening problems of hypoglycemia and cardiotoxicity, respectively. Con-
tinuous electrocardiographic monitoring should be instituted until the clini-
cian is certain that the patient is stable. For the hypotensive patient with clear
lungs and an unknown overdose, a fluid challenge with intravenous 0.9%
NaCl or lactated Ringer solution may be started. If the patient remains hy-
potensive or cannot tolerate fluids, a vasopressor or an inotrope might be in-
dicated, as well as more invasive monitoring.

At the time that the IV catheter is inserted, blood samples for glucose, elec-
trolytes, BUN, a complete blood count (CBC), and any indicated toxicologic
analysis can be drawn. Indiscriminate toxicology screening of either the
blood or urine rarely provides clinically useful information. However, for the
potentially suicidal patient, an acetaminophen serum concentration should be
routinely requested. In the vast majority of cases, the blood tests that are most
useful in diagnosing toxicologic emergencies are not the “toxicologic” assays
but the “nontoxicologic” routine metabolic profile tests such as BUN, glu-
cose, electrolytes, and arterial blood gases (ABGs) or venous blood gases
(VBGs).

Within the first 5 minutes of managing a patient with an altered mental sta-
tus, four therapeutic agents should be considered, and if indicated, adminis-
tered: (a) hypertonic dextrose 0.5-1.0 g/kg of Dy,W for an adult, or a more
dilute dextrose solution (D,,W or D,sW) for a child. The dextrose is adminis-
tered to diagnose and treat or exclude hypoglycemia; (b) thiamine 100 mg IV
for an adult (usually unnecessary for a child) to prevent or treat Wernicke en-
cephalopathy; (c) titrated naloxone beginning at 0.05 mg IV for an adult or
child with suspected opioid-induced respiratory compromise; and (d) high-
flow oxygen (8-10 L/min) to treat hypoxia.

The physical examination should be performed rapidly, but thoroughly.
Key elements of the directed examination include an evaluation of the pupil
size and reactivity, skin moisture, bowel sounds, bladder size (urinary reten-
tion), and mental status. Characteristic breath or skin odors may identify the
etiology of coma, such as the minty odor of oil of wintergreen on the breath
or skin suggesting methyl salicylate poisoning. The Glasgow Coma Scale
(GCS) should never be used for prognostic purposes, because complete re-
covery from properly managed toxic-metabolic coma despite a low GCS is
the rule rather than the exception.

Repeated reevaluation of the patient suspected of an overdose is essential
for identifying new or developing findings or toxic syndromes, and for early
identification and treatment of a deteriorating condition. Until the patient is
completely recovered or considered no longer at risk for the consequences of
a toxic exposure, frequent reassessment must be provided, even as the proce-
dures described below are carried out. At this point a decision about the need
for, and method of gastrointestinal decontamination or enhanced elimination
can be made based upon pertinent components of the history, physical exam-
ination, and screening tests mentioned above. A consideration of available
antidotes should follow.
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AVOIDING PITFALLS IN MANAGING A PATIENT
WITH A SUSPECTED TOXIC EXPOSURE

The history alone is not a reliable indication of which patients require nalox-
one, hypertonic dextrose (Ds,W), thiamine, and oxygen. Instead, these thera-
pies should be considered for all patients with altered mental status, unless spe-
cifically contraindicated. The physical examination should be used to guide the
use of naloxone. Although CNS depression, miosis, and respiratory depression
are characteristic, existing data suggests that respiratory depression (defined as
a respiratory rate of <12 breaths/min) is the best predictor of response. If dex-
trose or naloxone is indicated, sufficient amounts should be administered to ex-
clude and/or treat hypoglycemia or opioid toxicity, respectively.

In a patient with a suspected or unknown overdose, avoid the use of vaso-
pressors in the initial management of hypotension prior to administering flu-
ids or assessing filling pressures.

Attributing an altered mental status to ethanol because of its odor on a pa-
tient’s breath is potentially dangerous and misleading because small amounts of
ethanol and its congeners generally produce the same breath odor as do intoxi-
cating amounts. Conversely, even when an extremely high blood-ethanol con-
centration is confirmed by the laboratory, it is dangerous to ignore other possi-
ble etiologies of an altered mental status; chronic alcoholics may be awake and
seemingly alert with ethanol levels in excess of 500 mg/dL, a level that would
result in coma and possibly apnea and death in an ethanol-naive patient.

The metabolism of ethanol is fairly constant at 15-30 mg/dL/h. Therefore,
as a general rule, regardless of the initial blood ethanol concentration, a pre-
sumably “inebriated” comatose patient who is still unarousable 3—4 hours af-
ter arrival should be considered to have structural CNS damage (head trauma)
and/or another toxic-metabolic etiology for the alteration in consciousness,
until proven otherwise. Careful neurologic reevaluation supplemented by a
head CT scan is frequently indicated in such a case. This is especially impor-
tant in dealing with a seemingly “intoxicated” patient who appears to have
only a minor bruise, as the early treatment of a subdural or epidural hema-
toma or subarachnoid hemorrhage is critical to a successful outcome.

SPECIAL CONSIDERATIONS FOR MANAGING THE PREGNANT
PATIENT WITH A TOXIC EXPOSURE

In general, a successful outcome for both mother and fetus is dependent on
optimum management of the mother. Proven effective treatment for a poten-
tially serious toxic exposure in the mother should never be withheld based on
theoretical concerns regarding the fetus.

Use of Antidotes

Few data are available on the use of antidotes in pregnancy. In general, anti-
dotes should not be used if the indications for use are equivocal. On the other
hand, antidotes should not be withheld if their use may reduce potential mor-
bidity and mortality for the mother.

MANAGEMENT OF PATIENTS WITH A TOXIC CUTANEOUS EXPOSURE

The xenobiotics that people are commonly exposed to externally include
household cleaning materials; organic phosphorus or carbamate insecticides
from crop dusting, gardening, and pest extermination; acids from leaking or
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exploding batteries; alkalis such as lye; and lacrimating agents that are used
in crowd control. In all cases, the principles of management are as follows:

1. The staff should avoid secondary exposures by wearing protective (rub-
ber or plastic) gowns, gloves, and shoe covers. Cases of serious secon-
dary poisoning have occurred in emergency personnel after contact with
xenobiotics such as organic phosphorus compounds on the victim’s skin
or clothing.

2. The patient’s clothing should be removed and placed in plastic bags,
which are then sealed.

3. The patient should be washed with soap and copious amounts of water
twice, regardless of how much time has elapsed since the exposure.

4. No attempt should be made to neutralize an acid with a base, or a base
with an acid. Further tissue damage may result from the heat generated
by this reaction.

5. The use of all highly viscous materials or creams should be avoided, as
they will only keep the xenobiotic in close contact with the skin, ulti-
mately making removal more difficult.

MANAGEMENT OF PATIENTS WITH
TOXIC OPHTHALMIC EXPOSURES

Although the vast majority of toxicologic emergencies result from ingestion,
injection, or inhalation, the eyes and skin are occasionally the routes of sys-
temic absorption or are the organs at risk. The eyes should be irrigated with
lids fully retracted for no less than 10-20 minutes. To facilitate irrigation, a
local anesthetic should be used.

IDENTIFYING THE PATIENT WITH A NONTOXIC EXPOSURE

More than 40% of exposures reported to poison centers are judged to be non-
toxic. The following general guidelines for considering an exposure nontoxic
or minimally toxic will assist clinical decision making:

1. Identification of the product and its ingredients is possible.

2. The Consumer Product Safety Commission (CPSC) “signal words” CAU-
TION, WARNING, or DANGER does not appear on the product label.

3. The history permits the route(s) of exposure to be determined.

4. The history permits a reliable approximation of the maximum quantity
involved with the exposure.

5. Based on the available medical literature and clinical experience, the po-
tential effects related to the exposure are expected to be at most benign
and self-limited, and do not require referral to a healthcare facility.

6. The patient is asymptomatic, or has developed the expected benign self-
limited toxicity.



5 Electrocardiographic
Principles

The electrocardiogram (ECG) is ubiquitous in emergency departments and
intensive care units, and its interpretation is widely understood by physicians
of nearly all disciplines. It is a valuable source of information in poisoned pa-
tients and has the potential to enhance and direct their care. Although it seems
obvious that an ECG is required following exposure to a drug used for car-
diovascular indications, many drugs with no overt cardiovascular effects from
therapeutic dosing become cardiotoxic in overdose. An ECG should be exam-
ined critically early in the initial evaluation of most poisoned patients.

BASIC ELECTROPHYSIOLOGY OF THE MYOCARDIAL CELL

Figure 5-1 shows schematically the relationship of the major ion fluxes
across the myocardial cell membrane, the phases of the action potential, and
the surface ECG recording. Chap. 23 provides a more detailed description of
ion fluxes and channels.

BASIC ELECTROPHYSIOLOGY OF AN ELECTROCARDIOGRAM

An electrocardiogram represents the sum of movement of all electrical forces
in the heart in relation to the surface electrode and the height above baseline
represents the magnitude of the force (Fig. 5-2). Only during depolarization
or repolarization does the electrocardiogram tracing leave the isoelectric
baseline, because it is only during these periods that measurable currents are
flowing in the heart. During the other periods, mechanical effects are occur-
ring in the myocardium, but large amounts of current are not flowing.

The Various Intervals and Waves

The ECG tracing has specific nomenclature to define the characteristic patterns.
Waves refer to positive or negative deflections from baseline, such as the P, T,
or U wave. A segment is defined as the distance between two waves, such as the
ST segment, and an interval measures the duration of a wave plus a segment,
such as QT or PR interval. Complexes are a group of waves without intervals or
segments between them (QRS). Electrophysiologically, the P wave and PR in-
terval on the ECG tracing represent the depolarization of the atria. The QRS
complex represents the depolarization of the ventricles. The plateau is depicted
by the ST segment, and repolarization is visualized as the T wave and the QT
interval (QTc). The U wave, when present, generally represents an afterdepo-
larization (Fig. 5-3).

The Abnormal P Wave

Clinically, abnormalities of the P wave occur with agents that depress auto-
maticity of the sinus node, causing sinus arrest and nodal or ventricular es-
cape rhythms (B-adrenergic antagonists, calcium channel blockers). The P
wave is absent in rhythms with sinus arrest, such as occurs with xenobiotics
that produce vagotonia such as cardioactive steroids and cholinergics. A
notched P wave suggests delayed conduction across the atrial septum and is
characteristic of quinidine poisoning. P waves decrease in amplitude as hy-
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FIG. 5-1. Relationship of electrolyte movement across the cell membrane
to the action potential and the surface ECG recording.

FIG. 5-2. A simplistic correlation between cardiac anatomy and electrocar-
diographic representation.
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FIG. 5-3. The normal ECG: P wave, atrial depolarization; QRS, ventricular
depolarization; ST segment, T wave, QT interval, and U wave, ventricular re-
polarization. The U wave is the small, positive deflection following the T wave.

perkalemia becomes more severe until they become indistinguishable from
the baseline (Chap. 17).

The Abnormal PR Interval

Agents that decrease interatrial or atrioventricular (AV) nodal conduction
cause marked lengthening of the PR segment until such conduction com-
pletely ceases. At this point, the P wave no longer relates to the QRS com-
plex; this is AV dissociation or complete heart block. Some xenobiotics sup-
press AV nodal conduction by blocking calcium channels in nodal cells, as do
magnesium and calcium channel blockers, antagonizing [3-adrenergic recep-
tors, or enhancing vagal tone. Although the therapeutic use of digoxin, as
well as early cardioactive steroid poisoning, causes PR prolongation through
vagotonic effects, direct electrophysiologic effects account for the bradycar-
dia of poisoning (see later in this chapter, as well as Chap. 62 and Antidotes
in Brief: Digoxin-Specific Antibody Fragments [Fab]).

The Abnormal QRS Complex

In the presence of a bundle-branch block, the two ventricles depolarize sequen-
tially rather than concurrently. Although conceptually conduction through either
the left or right bundle may be affected, many xenobiotics preferentially affect the
right bundle. This effect typically results in the left ventricle depolarizing slightly
more rapidly than the right ventricle. The consequence on the ECG is both a wid-
ening of the QRS complex and the appearance of the right ventricular electrical
forces that were previously obscured by those of the left ventricle. These changes
are often a result of the effects of xenobiotics that block fast sodium channels. Im-
plicated xenobiotics include cyclic antidepressants, quinidine and other type IA
and IC antidysrhythmics, phenothiazines, amantadine, diphenhydramine, carba-
mazepine, and cocaine. In the setting of tricyclic antidepressant (TCA) poisoning,
this finding has both prognostic and therapeutic value (Chap. 71). Specifically, in
a prospective analysis of ECGs the maximal limb lead QRS duration was prog-
nostic of seizures (0% if <100 msec; 30% if >100 msec) and ventricular dys-
rhythmias (0% if <160 msec; 50% if >160 msec).

This terminal 40-msec axis of the QRS complex contains critical information
regarding the likelihood, not the extent, of poisoning by sodium channel blockers.
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FIG. 5—4. ECG showing leads I, II, aVg, and aV, of a patient with a TCA
overdose. The prominent S wave in leads | and aV,, and R wave in aVg, dem-
onstrate the terminal 40-msec rightward axis shift.

In a poisoned patient, the common abnormalities include an R wave (positive de-
flection) in lead aVy and an S wave (negative deflection) in leads I and aV; . The
terminal portion of the QRS has a rightward deviation greater than 120°. The
combination of a rightward axis shift in the terminal 40 msec of the QRS com-
plex (Fig. 5-4) along with a prolonged QTc and a sinus tachycardia is highly spe-
cific and sensitive for TCA poisoning. Absence of these findings, in one study at
least, excluded serious TCA poisoning. Another study suggests that although
ECG changes, like a prolonged QRS duration, are better at predicting severe out-
comes than the TCA level, neither is very accurate. One prospective study sug-
gests that an absolute height of the terminal portion of aVy that is >3 mm, pre-
dicted seizures or dysrhythmias in TCA-poisoned patients. In infants younger
than 6 months of age, however, a rightward deviation of the terminal 40-msec
QRS axis is physiologic and not predictive of TCA toxicity. In older children, a
retrospective chart review of 37 children diagnosed with TCA overdose and 35
controls (all younger than 11 years old) found such interpatient variability, unre-
lated to age, so great that a rightward deviation of the terminal 40-msec QRS axis
could not distinguish between poisoned and healthy children.

An apparent increase in QRS duration and morphology, which is actually an
elevation or distortion of the J point called a J wave or an Osborn wave (Fig.
16-1), is a common finding in patients with hypothermia. Hypermagnesemia is
also associated with a widening of the QRS duration, and a slight narrowing of
the QRS complex may occur with hypomagnesemia. Significant elevation in
the serum concentrations of potassium can also cause widening and distortion
of the QRS complex.

The Abnormal ST Segment

Displacement of the ST segment from its baseline characterizes myocardial
ischemia or infarction (Fig. 5-5). The subsequent appearance of a Q wave is
diagnostic of myocardial infarction. The ECG patterns of these entities reflect
the different underlying electrophysiologic states of the heart. Ischemic re-
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FIG. 5-5. Leads V,~V4 are shown from the ECG of a 27-year-old man with
substernal chest pain after using crack cocaine.

il

gions are highly unstable and produce currents of injury because of inade-
quate repolarization, which is related to lack of energy substrate to power the
Na*-K* adenosine triphosphatase (ATPase). Infarction represents the loss of
electrical activity from the necrotic, inactive ventricular tissue, allowing the
contralateral ventricular forces to be predominant on the ECG. Patients who
are poisoned by xenobiotics that cause vasoconstriction, such as cocaine
(Chap. 74), other a-adrenergic agonists, or the ergot alkaloids, are particu-
larly prone to develop focal myocardial ischemia and infarction. The specific
electrocardiographic manifestations help to identify the region of injury and
may, to some extent, be correlated with an arterial flow pattern: inferior
(leads II, III, aVy; right coronary artery), anterior (leads I, aV; left anterior
descending artery), or lateral (leads aV,, Vs ¢; circumflex branch). However,
any poisoning that results in profound hypotension or hypoxia can also result
in ECG changes of ischemia and injury. In this situation, the injury may be
more global, involving more than one arterial distribution. Diffuse myocar-
dial damage may not be identifiable on the electrocardiogram because there
are global, symmetric electrical abnormalities. In this situation, the diagnosis
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is made by other noninvasive testing, such as by echocardiogram or by find-
ing elevations in serum markers for myocardial injury (eg, troponin).

Many young, healthy patients have ST segment abnormalities that mimic
those of myocardial infarction. The most common normal variant is termed
“early repolarization” or “J-point elevation,” and is identified as diffusely ele-
vated, upwardly concave ST segments, located in the precordial leads and typi-
cally with corresponding T waves of large amplitude. The J point is located at
the beginning of the ST segment just after the QRS complex. Because this elec-
trocardiographic variant is common in patients with cocaine-associated chest
pain (Chap. 67), its recognition is critical to instituting appropriate therapy.

Blockade of the fast sodium channel is characterized by terminal positivity of
the QRS complex and ST-segment elevation in the right precordial leads (Fig.
5-6). This ECG pattern often occurs in patients who are poisoned by sodium
channel blockers, including TCAs, cocaine, and class IA (procainamide) and
class IC (flecainide, encainide) antidysrhythmics. In TCA-poisoned patients this
pattern is associated with an increased risk of hypotension, but not sudden death
or dysrhythmias. Sagging ST segments, inverted T waves, and normal or short-
ened QT intervals are characteristic effects of cardioactive steroids, such as di-
goxin, on the electrocardiogram. These repolarization abnormalities are some-
times identified by their similar appearance to “Salvador Dali’s mustache.” As a
group, these findings, along with PR prolongation, are commonly described as
the “digitalis effect” (Chap. 62). They are found in patients with therapeutic drug
concentrations and in patients with cardioactive steroid poisoning. As the serum,
or more precisely the tissue concentration increases, clinical and electrocardio-
graphic manifestations of toxicity appear (Chap. 62), the latter of which includes
profound bradycardia or ventricular dysrhythmias.

Changes in the ST-segment duration are frequently caused by abnormalities
in the serum calcium concentration. Hypercalcemia causes shortening of the ST
segment through enhanced calcium influx during the plateau phase of the car-
diac cycle speeding the onset of repolarization. For practical purposes this effect
is more commonly identified by reduction of the corrected QT[QTc]. In patients
with hypercalcemia, the morphology and durations of the QRS complex and T
and P waves remain essentially unchanged. Drug-induced hypercalcemia may
result from exposure to antacids (milk alkali syndrome), diuretics (eg, hydro-
chlorothiazide), cholecalciferol (vitamin D), vitamin A, and other retinoids. Hy-
pocalcemia causes prolongation of the ST segment and QTc interval.

The Abnormal T Wave

Isolated peaked T waves are usually evidence of early hyperkalemia. Hyper-
kalemia initially causes tall, tented T waves with normal QRS, QTc, and P
wave. As the measured potassium rises to 6.5-8 mEq/L, the P wave diminishes
in amplitude and the PR and QRS intervals prolong. Progressive widening of
the QRS complex causes it to merge with the ST segment and T wave, forming
a “sine wave.” Electrocardiographic manifestations of hyperkalemia may occur
following chronic exposure to numerous medications, including potassium-
sparing diuretics, angiotensin-converting enzyme inhibitors (Chap. 60), or po-
tassium supplements. Either fluoride or cardioactive steroid poisoning produces
acute hyperkalemia, but the latter rarely produces hyperkalemic electrocardio-
gram changes (Chap. 17). Peaked T waves also occur following myocardial is-
chemia and may also be confused with early repolarization effects. Thus, the
ability to properly identify electrolyte abnormalities by electrocardiography is
often limited.



518

B.VR

LA AT AN

i

L = BEIN NSh ¥z

FIG. 5-6. The Brugada pattern is characterized by terminal positivity of the QRS complex and ST-segment elevation in the right precordial leads, and
is an ECG pattern similar to that noted in patients poisoned by sodium channel blocking agents such as TCAs. (Reproduced with permission of Vikhyat
Bebarta, MD.)
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Hypokalemia typically reduces the amplitude of the T wave and, ultimately,
causes the appearance of prominent U waves. Its effects on the electrocardio-
gram are manifestations of altered myocardial repolarization. Lithium similarly
affects myocardial ion fluxes and causes reversible changes on the electrocar-
diogram that may mimic mild hypokalemia, although documentation of low
cellular potassium concentrations is lacking. Patients chronically poisoned with
lithium have more T-wave abnormalities (typically flattening) than do those
who are acutely poisoned, but these are rarely of clinical significance.

The Abnormal QT Interval

A prolonged QT interval reflects an increase in the time period that the heart is
“vulnerable” to the initiation of ventricular dysrhythmias (Fig. 5-6). This occurs
because although some myocardial fibers are refractory during this time period,
others are not (ie, relative refractory period). Early afterdepolarizations may oc-
cur in patients with lengthened repolarization time (Table 5-1). An “early
afterdepolarization” (EAD) occurs when a myocardial cell spontaneously depo-
larizes before its repolarization is complete (Fig. 5-7). If this depolarization is of
sufficient magnitude it may capture and initiate a premature ventricular contrac-
tion, which itself may initiate ventricular tachycardia, ventricular fibrillation, or
torsades de pointes. There are two types of EADs that occur either when the
membrane potential is decreased during phase 2 (type 1) and phase 3 (type 2) of
the cardiac action potential. The ionic basis of EADs is unclear, but may be via
the L-type calcium channel; EADs are suppressed by magnesium.

Xenobiotics that cause sodium channel blockade (Chap. 61), prolong the
QT duration by slowing cellular depolarization during phase 0. Thus, the QT
duration increases as a result of a prolongation of the QRS complex duration,
and the ST-segment duration remains near normal. Xenobiotics that cause po-
tassium channel blockade similarly prolong the QT interval, but through pro-
longation of the plateau and repolarization phases. This specifically prolongs

TABLE 5-1. The Electrophysiologic Basis for Delayed Afterdepolarization and
Early Afterdepolarization
Phase of Action
Potential
Affected by
Depolarization

Clinical Effect Mechanism

Delayed after  Phase 4 Cardioactive ste- Intracellular Ca®* —
depolarization roid—induced dys-  activation of a nonselec-
(DAD) rhythmias tive cation channel or
Na* -Ca®* exchanger —
transient inward current
carried mostly by Na*
ions
Early after 1 Repolarization Possibly via L-type cal-
depolariza- time. Long QT syn-  cium channels
tion (EAD) drome (hereditary
and acquired)
Type 1 Phase 2 Drug-induced tor-  Suppressed by magne-
Type 2 Phase 3 sades de pointes,  sium

ventricular tachy-
cardia
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FIG. 5-7. Afterdepolarization. A. The normal action potential. B. Prolonged
duration action potential. C. Prolonged duration action potential with an early
afterdepolarization (EAD) occurring during the downslope of phase 3 of the
action potential. D. EAD that reaches the depolarization threshold and initiates
another depolarization, or a triggered beat. E. Delayed afterdepolarization,
which occurs after repolarization is complete.

the ST-segment duration. Although at a cellular level these xenobiotics are
antidysrhythmic, the multicellular effects may be prodysrhythmic.
Hypocalcemia is caused by a number of xenobiotics, including fluoride,
calcitonin, ethylene glycol, phosphates, and mithramycin (Table 17-9).
Hypokalemia and hypomagnesemia alone do not usually prolong the QT
interval. Arsenic poisoning may cause prolongation of the QT interval and
torsades de pointes. The mechanism is unknown, although either a direct
dysrhythmogenic effect or an autoimmune myocarditis is postulated.
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The Abnormal U Wave

Abnormal U waves are typically caused by spontaneous afterdepolarization
of membrane potential that occurs in situations where repolarization is pro-
longed. EAD occurs in situations where the prolonged repolarization period
allows calcium channels (which are both time and voltage dependent) to
close and spontaneously reopen, because they may close at a membrane po-
tential that is above their threshold potential for opening. In this situation, the
opening of the calcium channels produces a slight membrane depolarization
that is identified as a U wave. Delayed afterdepolarization occurs when the
myocyte is overloaded with calcium, as in the setting of cardioactive steroid
toxicity. The excess intracellular calcium can trigger the ryanodine receptors
on the myocyte sarcoplasmic reticulum to release calcium, causing slight de-
polarization that is recognized as a U wave. If the U waves are of sufficient
magnitude to reach threshold, the cell may depolarize and initiate a prema-
ture ventricular contraction. Transient U-wave inversion can also be caused
by myocardial ischemia or hypertension.

The Abnormal QU Interval

The QU interval is the distance between the end of the Q wave and the end of
the U wave. Differentiation between the QU and the QT intervals is difficult
if the T and U waves are superimposed. When hypomagnesemia coexists
with hypokalemia, as is usually the case, QU prolongation and torsades de
pointes may occur.

ELECTROCARDIOGRAM DISTURBANCES

The distinction between xenobiotics that cause a rapid rate and those that
cause a slow rate on the ECG is somewhat artificial, because many can do
both. For example, patients poisoned by TCAs almost always develop sinus
tachycardia, but most die with a wide complex bradycardia. Regardless, ab-
normalities in the pattern or rate on the electrocardiogram can provide the cli-
nician with immediate information about a patient’s cardiovascular status.
Any rhythm other than normal sinus rhythm is referred to as a dysrhythmia in
this text. Electrocardiographic disturbances in many poisoned patients may
be categorized in more than one manner (abnormal pattern, fast rate, slow
rate). Regardless, when electrocardiographic abnormalities are detected, ap-
propriate interpretation, evaluation, and therapy must be rapidly performed.

Tachydysrhythmias

The intrinsic pacemaker cells of the heart undergo spontaneous depolariza-
tion and reach threshold at a predictable rate. Under normal circumstances,
the sinus node is the most rapidly firing pacemaker cell of the heart; because
of this, it controls the heart rate. Spontaneous depolarization occurs during
ion entry through potassium, sodium, and calcium channels during phase 4 of
the action potential. Other potential pacemakers exist in the heart, but their
rate of spontaneous depolarization is considerably slower than that of the si-
nus node. Consequently, they are reset during depolarization of the myocar-
dium and they never spontaneously reach threshold. Xenobiotics that speed
the rate of rise of phase 4, or diastolic depolarization, speed the rate of firing
of the pacemaker cells. As long as the sinus node is preferentially affected, it
maintains the pacemaker activity of the heart. If the firing rate of another in-
trinsic pacemaker exceeds that of the sinus node, ectopic rthythms may de-
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velop. This effect may be either pathologic or lifesaving, depending on the
clinical circumstances.

The rate of impulse formation at the sinus node is regulated by the balance
between parasympathetic and sympathetic tone. The influences of these parts
on the autonomic nervous system are responsible for regulating the heart rate
under normal conditions. Sympathomimetics, such as norepinephrine, co-
caine, and amphetamines, increase sympathetic tone, producing sinus tachy-
cardia and enhancing AV nodal conduction. Sinus tachycardia may be the
first manifestation of exposure to a sympathomimetic. However, other su-
praventricular or ventricular dysrhythmias may develop if an abnormal rhythm
is generated in another part of the heart. Similarly, xenobiotics that antago-
nize acetylcholine released from the vagus nerve onto the sinus node en-
hance the rate of firing, producing sinus tachycardia. Such xenobiotics in-
clude the belladonna alkaloids atropine and scopolamine, first-generation
antihistamines, and the TCAs. Table 234 lists a wide variety of xenobiotics
that often cause tachydysrhythmias.

Certain xenobiotics are more highly associated with ventricular tachydysrhyth-
mias following poisoning. Those that alter myocardial repolarization and prolong
the QTc predispose to the development of afterdepolarization-induced contrac-
tions during the relative refractory period (R-on-T phenomena), which initiates
ventricular tachycardia. If torsades de pointes is noted, this is undoubtedly the
mechanism, and the QTc should be carefully assessed and appropriate treatment
initiated. Alternatively, xenobiotics that increase the adrenergic tone on the heart,
either directly or indirectly, may cause ventricular dysrhythmias. Whether a result
of excessive circulating catecholamines observed with cocaine and sympathomi-
metics, myocardial sensitization secondary to halogenated hydrocarbons or thy-
roid hormone, or increased second-messenger activity secondary to theophylline,
the extreme inotropic and chronotropic effects cause dysrhythmias. Altered repo-
larization, increased intracellular calcium concentrations, or myocardial ischemia
may cause the dysrhythmia. Additionally, xenobiotics that produce focal myocar-
dial ischemia, such as cocaine or ephedrine, can lead to malignant ventricular
dysrhythmias. Finally, an uncommon cause of xenobiotic-induced ventricular
dysrhythmias is persistent activation of sodium channels, with the distinguishing
electrocardiographic findings that occur following aconitine poisoning. Not all
wide QRS complex tachydysrhythmias are ventricular in origin, but making this
assumption is generally considered to be prudent. For example, in a patient
known to be poisoned with TCAs, cocaine, or similar xenobiotics, the differentia-
tion of aberrantly conducted sinus tachycardia (common) from ventricular tachy-
cardia (rare) is important, but difficult. Although guidelines for determining the
origin of a wide complex tachydysrhythmia exist, they are imperfect, difficult to
apply, and unstudied in poisoned patients.

Bidirectional ventricular tachycardia is associated with severe cardioactive
steroid toxicity and results from alterations of intraventricular conduction, junc-
tional tachycardia with aberrant intraventricular conduction, or, on rare occa-
sions, alternating ventricular pacemakers. The only other xenobiotic that com-
monly causes this dysrhythmia is aconitine, usually obtained from traditional
or alternative therapies that contain the plant Aconitum (Chaps. 43 and 114).

Bradydysrhythmias

Bradycardia and asystole are the terminal events following fatal ingestions of
many xenobiotics, although some tend to cause sinus bradycardia (Table 23-1)
and conduction abnormalities (Table 23-2) early in the course of toxicity. Si-
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nus bradycardia with an otherwise normal electrocardiogram is characteristic
of xenobiotics that reduce central nervous system outflow. Examples include
benzodiazepines, ethanol, and clonidine, and differentiating between these
agents is not possible based on electrocardiographic criteria alone. Xenobiot-
ics that directly affect ion flux across myocardial cell membranes cause ab-
normalities in AV nodal conduction. Calcium channel blockers, B-adrenergic
antagonists, and cardioactive steroids (Chaps. 58—60) are the leading causes
of sinus bradycardia and conduction disturbances.

The ECG manifestations of calcium channel blocker and 3-adrenergic an-
tagonist overdoses are difficult to distinguish. In general, both drug classes
cause decreased dromotropy (conduction), although the specific pharmaco-
logic actions of the drugs differ even within the class (Chaps. 58 and 59). For
example, most members of the dihydropyridine subclass of calcium channel
blockers do not have any antidromotropic effect, whereas verapamil and diltia-
zem routinely produce PR prolongation. Similarly, although most B-adrener-
gic antagonists produce sinus bradycardia and first-degree heart block, certain
members of this group, such as propranolol, may prolong the QRS complex
through their sodium channel blocking abilities. Others, such as sotalol, which
have properties of the class III (Chap. 61) agents, block myocardial potassium
channels and prolong the QT interval duration. The bradycardia produced by
cardioactive steroids is typically accompanied by signs of “digitalis effect” in-
cluding PR prolongation and ST segment depression (Chap. 62).

Ectopy

Ectopy is the electrocardiographic manifestation of myocardial depolariza-
tion initiated from a site other than the sinus node. Ectopy may be lifesaving
under circumstances in which the atrial rhythm cannot be conducted to the
ventricles, as during high-degree AV blockade induced by cardioactive ster-
oids. Alternatively, ectopy may lead to dramatic alterations in the physiologic
function of the heart or deteriorate into lethal ventricular dysrhythmias.

Several mechanisms by which ectopic rhythms may develop are noted. An
impulse that occurs after completion of repolarization (phase 4) is called a
“delayed afterdepolarization” (DAD) (Fig. 5-7 and Table 5-1). The mecha-
nism of DADs is related to increases in intracellular calcium that activate a
nonselective cation channel or an electrogenic Na*-Ca?* exchanger that causes
a transient inward current carried primarily by sodium ions. This inward so-
dium current generates the DAD. The increased calcium concentrations may
come from extensive sympathetic stimulation, large doses of a cardioactive
steroid, or other abnormal physiologic conditions. Delayed afterdepolar-
izations are the likely cause of some dysrhythmias induced by cardioactive
steroid poisoning (Chap. 62). Compared with EADs, DADs generally arise
when the membrane potential is more negative.
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Diagnostic imaging can play a significant role in the management of many
toxicologic emergencies. In some cases, radiographic studies can directly vi-
sualize the xenobiotic, whereas in others, they reveal the xenobiotic’s effect
on various organ systems. Radiography can confirm a diagnosis, assist in
therapeutic interventions such as monitoring gastrointestinal decontamina-
tion, and detect complications of the xenobiotic exposure.

VISUALIZING THE XENOBIOTIC

A number of xenobiotics are radiopaque and can potentially be detected by
conventional radiography. If ingested, the xenobiotic may be seen on an ab-
dominal radiograph. Radiopaque xenobiotics that have been injected are also
amenable to radiographic detection. If the toxic material is available for ex-
amination, it can be radiographed outside of the body to detect any radi-
opaque contents.

The radiopacity of a xenobiotic is determined by several factors. First, the
intrinsic radiopacity of a substance depends on its physical density (g/cm?)
and the atomic numbers of its constituent atoms. Biologic tissues are com-
posed mostly of carbon, hydrogen, and oxygen, and have an average atomic
number of approximately 6. Substances that are more radiopaque than soft
tissues include bone, which contains calcium (atomic number 20); radiocon-
trast agents containing iodine (atomic number 53) and barium (atomic num-
ber 56); iron (atomic number 26); and lead (atomic number 82). Some medi-
cations and xenobiotics have constituent atoms of high atomic number, such
as chlorine (atomic number 17), potassium (atomic number 19), and sulfur
(atomic number 16), which contribute to their radiopacity.

The thickness of an object affects its radiopacity. Small particles of a
moderately radiopaque substance are often not visible on a radiograph. The
radiographic appearance of the surrounding area also affects the detectabil-
ity of an object. A moderately radiopaque tablet is easily seen against a uni-
form background, but in a patient, overlying bone or bowel gas often ob-
scures the tablet.

Although a clinical policy issued by the American College of Emergency
Physicians in 1995 suggested that an abdominal radiograph should be obtained
in the unresponsive overdosed patient in an attempt to identify the involved
xenobiotic, the role of abdominal radiography in screening patients who have
ingested an unknown substance is questionable. The number of potentially in-
gested substances that are radiopaque is limited. However, when ingestion of a
radiopaque substance such as iron tablets or heavy metals is suspected, ab-
dominal radiographs are helpful. A short list of the more consistently radi-
opaque substances is summarized in the mnemonic CHIPES: chloral hydrate,
heavy metals, iron, psychotropics (phenothiazines), and enteric-coated and
sustained-release preparations. In contrast, a radiolucent substance may be vis-
ible because it is less radiopaque than surrounding soft tissues. Hydrocarbons
such as gasoline are relatively radiolucent when embedded in soft tissues. The
radiographic appearance resembles subcutaneous gas as seen in a necrotizing
soft-tissue infection.
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VISUALIZING THE EFFECTS OF A XENOBIOTIC ON THE BODY
Skeletal Changes Caused by Xenobiotics

A number of xenobiotics affect bone mineralization. Toxicologic effects on
bone result in either increased or decreased density. Some xenobiotics pro-
duce a characteristic radiographic picture, although the exact diagnosis usu-
ally depends on correlation with the clinical scenario. Furthermore, alter-
ations in skeletal structure develop gradually and are usually not visible
unless the exposure continues for at least two weeks. Clinically important ex-
amples include lead, fluoride, alcoholism, corticosteroids, vinyl chloride mono-
mer, and infectious diseases associated with injection drug use.

Pulmonary and Other Thoracic Complications

Many xenobiotics that affect intrathoracic organs produce pathologic changes
that can be detected on chest radiographs. The lungs are most often affected,
but the pleura, hilum, heart, and great vessels may also be involved. Patients
with chest pain may have a pneumothorax, pneumomediastinum, or aortic
dissection. Patients with fever with or without respiratory symptoms may
have a focal infiltrate, pleural effusion, or hilar lymphadenopathy.

The chest radiographic findings will suggest certain diseases, although the
diagnosis ultimately depends on a thorough clinical history.

Many pulmonary disorders are radiographically detectable because they
result in fluid accumulation within the alveolar spaces or interstitial tissues of
the lung, producing the two major radiographic patterns of pulmonary dis-
ease—airspace filling and interstitial lung disease.

Diftuse Airspace Filling

Overdose with salicylates, opioids, and paraquat, causes acute lung injury,
which, pathologically, is characterized by leaky capillaries. There are many
other causes of acute lung injury, including sepsis, anaphylaxis, and major
trauma. Other xenobiotic exposures that result in diffuse airspace filling include
inhalation of irritant gases that are of low water solubility such as phosgene
(COCl,), nitrogen dioxide (silo filler disease), chlorine, and sulfur dioxide. Or-
ganic phosphorus insecticide poisoning causes cholinergic stimulation, result-
ing in bronchorrhea. Smoking “crack” cocaine is associated with diffuse intra-
pulmonary hemorrhage.

Focal Airspace Filling

Most focal infiltrates are caused by bacterial pneumonia, although aspiration
of gastric contents also causes localized airspace disease. Low-viscosity hy-
drocarbons often enter the lungs when they are swallowed. Because of the de-
lay in development of radiographic abnormalities, the chest radiograph may
not be abnormal until six hours after the ingestion.

Interstitial Lung Diseases

Toxicologic causes of interstitial lung disease include hypersensitivity pneu-
monitis, medications with direct pulmonary toxicity, and inhalation or injec-
tion of inorganic particulates. In hypersensitivity pneumonitis the chest radio-
graph is normal or may show fine interstitial or alveolar infiltrates. The most
common medication causing hypersensitivity pneumonitis is nitrofurantoin.
Sulfonamides and penicillins are other medications that can cause hypersen-
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sitivity pneumonitis. Various chemotherapeutic agents, such as busulfan, ble-
omycin, cyclophosphamide, and methotrexate, cause pulmonary injury by
their direct cytotoxic effect on alveolar cells. The radiographic pattern is usu-
ally interstitial (reticular or nodular), but can include airspace filling or mixed
patterns. Amiodarone toxicity causes phospholipid accumulation within alve-
olar cells and can cause pulmonary fibrosis. An interstitial radiographic pat-
tern is seen, although airspace filling can also occur.

Pleural Disorders

Asbestos-related calcified pleural plaques develop many years after asbestos
exposure. Asbestos-related pleural plaques should not be called “asbestosis”
because that term refers specifically to the interstitial lung disease caused by as-
bestos. Pleural plaques must be distinguished from a mesothelioma, which is
not calcified, enlarges at a rapid rate, and erodes into nearby structures such as
the ribs. Pleural effusions may occur in drug-induced systemic lupus erythema-
tosus. The medications most frequently implicated are procainamide, hydrala-
zine, isoniazid, methyldopa, and chlorpropamide. Pneumothorax and pneumo-
mediastinum are associated with illicit drug use, and are related to the route of
administration rather than to the particular drug. Barotrauma results from either
a Valsalva maneuver or intense inhalation with breath holding during the smok-
ing or inhalation.

Cardiovascular Abnormalities

Dilated cardiomyopathy occurs in chronic alcoholism and exposure to car-
diotoxic medications such as doxorubicin. Enlargement of the cardiac silhou-
ette can also be caused by a pericardial effusion, which can accompany a
drug-induced systemic lupus erythematosus. Aortic dissection is associated
with use of cocaine. The chest radiograph may show an enlarged or indistinct
aortic knob or ascending or descending aorta.

Abdominal Complications

Abdominal imaging modalities include conventional radiography, CT, GI
contrast studies, and angiography. Conventional radiography is limited in its
capability to detect most intraabdominal pathology because most pathologic
processes involve soft-tissue structures that are not well seen.

Pneumoperitoneum

Gastrointestinal perforation is diagnosed by seeing free intraperitoneal air un-
der the diaphragm on an upright chest radiograph. Peptic ulcer perforation is
associated with crack cocaine use. Esophageal or gastric perforation can be a
complication of large-bore orogastric tube placement and forceful emesis in-
duced by syrup of ipecac or alcohol intoxication. Esophageal and gastric per-
foration can also occur following the ingestion of caustic acids or alkalis.

Obstruction and Ileus

On the upright abdominal radiograph, both mechanical obstruction and ady-
namic ileus show air-fluid levels. In mechanical obstruction, air-fluid levels are
seen at different heights and produce a “stepladder” appearance. Mechanical
bowel obstruction can be caused by large intraluminal foreign bodies such as a
body packer’s packets or a medication bezoar. Adynamic ileus can complicate
ingestions of opioids, anticholinergics, and tricyclic antidepressants.
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Neurologic Complications

Imaging studies have revolutionized the diagnosis of CNS disorders. Some
xenobiotics have a direct effect on the CNS, whereas with others, neurologic
injury is an indirect sequela of the xenobiotic exposure caused by hypoxia, hy-
potension, hypertension, cerebral vasoconstriction, head trauma, or infection.

Emergency Head CT Scanning

An emergency noncontrast head CT scan is obtained to detect acute intracranial
hemorrhage and focal brain lesions causing cerebral edema and mass effect. Pa-
tients with these lesions present with focal neurologic deficits, seizures, head-
ache, or altered mental status. Toxicologic causes of intraparenchymal and sub-
arachnoid hemorrhage include cocaine or other sympathomimetic xenobiotics.

Xenobiotic-Mediated Neurodegenerative Disorders

A number of xenobiotics directly damage brain tissue, which produces mor-
phologic changes that are detectable with CT and MRI. Such changes include
generalized atrophy, focal areas of neuronal loss, demyelinization, and cere-
bral edema.

Atrophy Ethanol is the most widely used neurotoxin. With long-term ethanol
use, there is a widespread loss of neurons with resultant atrophy. Chronic tolu-
ene exposure (occupational and illicit use) also causes diffuse cerebral atrophy.

Focal Degenerative Lesions Carbon monoxide poisoning produces focal de-
generative lesions in the brain. In about half of patients with severe neuro-
logic dysfunction following carbon monoxide poisoning, CT scans show bi-
lateral symmetric lucencies in the basal ganglia, particularly the globus

FIG. 6—1. Iron tablet overdose. The identification of the large amount of ra-
diopaque tablets confirms the diagnosis in a patient with a suspected iron
overdose and permits rough quantification of the amount ingested. (Courtesy
of the Toxicology Fellowship of the New York City Poison Control Center.)
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B

FIG. 6-2. Liquid elemental mercury exposures. A. Unintentional rupture of a
Cantor intestinal tube distributed mercury throughout the bowel. (Courtesy of Dr.
Richard Lefleur, New York University.)B. The chest radiograph in a patient follow-
ing intravenous injection of elemental mercury showing metallic pulmonary embo-
lism. The patient developed respiratory failure, pleural effusions, and uremia, and
expired despite aggressive therapeutic interventions. (Courtesy of Dr. N. John
Stewart.) (continued)
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FIG. 6-2. (continued.)C. Subcutaneous injection of liquid elemental mercury
is readily detected radiographically. Because mercury is systemically absorbed
from subcutaneous tissues, it must be removed by surgical excision. (Courtesy of
the Toxicology Fellowship of the New York City Poison Control Center.)

FIG. 6-3. Drug smuggling is accomplished by packing the Gl tract with
large numbers of manufactured well-sealed containers. The packets are visi-
ble in this patient because they are surrounded by a thin layer of air within the
wall of the packet. (Courtesy of Dr. Emil J. Balthazar, New York University.)
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FIG. 6—4. A radiograph of the knees of a child with lead poisoning. The
metaphyseal regions of the distal femur and proximal tibia have developed
transverse bands representing bone growth abnormalities caused by lead
toxicity. The multiplicity of lines implies repeated exposures to lead. (Courtesy
of Dr. Nancy Genieser, New York University.)

FIG. 6-5. A barium swallow performed several days after ingestion of lig-
uid lyes shows intramural dissection and extravasation of barium with early
stricture formation. (Courtesy of Dr. Emil J. Balthazar, New York University.)
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pallidus. The basal ganglia are especially sensitive to hypoxic damage be-
cause of their limited blood supply and high metabolic requirements. Basal
ganglion lucencies, white matter lesions, and atrophy are caused by other
xenobiotics such as methanol, ethylene glycol, cyanide, hydrogen sulfide, in-
organic and organic mercury, manganese, and heroin. Nontoxicologic disor-
ders can also cause similar imaging abnormalities, including hypoxia, hy-
poglycemia, and infectious encephalitis.

Figures 6-1 to 6-5 show classic examples of the use of radiography in
toxicology.



7 Laboratory Principles

Detecting the presence or measuring the concentration of both therapeutic and
nontherapeutic xenobiotics is the primary activity of the medical toxicology
laboratory. The unifying characteristic of the substances typically measured is
their common presentation in patients with toxicologic emergencies, and the
subsequent need for testing results within a relatively short time frame.

RECOMMENDATIONS FOR ROUTINELY
AVAILABLE TOXICOLOGY TESTS

The recommendations in Table 7-1 were developed by the National Academy
of Clinical Biochemists (NACB) from a consensus process involving clinical
biochemists, medical toxicologists, forensic toxicologists, and emergency
medicine physicians.

USING THE TOXICOLOGY LABORATORY

There are many reasons for toxicologic testing. The most common function is
to confirm or exclude toxic exposures suspected from the history and physi-
cal examination. A laboratory result provides a level of confidence not other-
wise readily obtained and may avert other unproductive diagnostic investiga-
tions driven by the desire for completeness and medical certainty. Testing
increases diagnostic certainty in more than half of cases. In some instances, a
diagnosis may be based primarily on the results of testing. This can be partic-
ularly important in poisonings with substances having delayed onset of clini-
cal toxicity, such as acetaminophen, or in patients with ingestion of multiple
substances. In these instances, characteristic clinical findings may not have
yet developed at the time of presentation, or may be obscured or altered by
the effects of coingestants.

Testing can provide two key parameters that will have a major impact on the
clinical course, namely, the toxin involved and the intensity of the exposure.
This information can assist in triage decisions, such as whether to admit a pa-
tient or to observe the individual for expectant discharge. Serum concentrations
can facilitate decisions to employ specific antidotes or specific interventions to
hasten elimination. Well-defined exposure information can also facilitate provi-
sion of optimum advice by poison centers, whose personnel do not have the
ability to make decisions based on direct observation of the patient. Serum con-
centrations can be used to determine when to institute and terminate interven-
tions such as hemodialysis or antidote administration, and can support the deci-
sion to transfer from intensive care or discharge from the hospital. Finally,
positive findings for ethanol or drugs of abuse in trauma patients may serve as a
risk marker for the likelihood of future trauma.

The confirmation of a clinical diagnosis of poisoning provides an impor-
tant feedback function, whereby the physician may evaluate the diagnosis
against a “gold standard.” Another important benefit is reassurance; for exam-
ple, reassurance that an unintentional ingestion did not result in absorption of
a toxic amount of drug. Such reassurance can allow a physician to avoid
spending excessive time with patients who are relatively stable. It can allow
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TABLE 7-1. Toxicology Assays Recommended by the National Academy of
Clinical Biochemists

Serum Assays, Quantitative Urine Assays, Qualitative
Acetaminophen Amphetamines
Carbamazepine Barbiturates

Cooximetry (carboxyhemoglobin, Cocaine
methemoglobin, oxygen saturation) Opiates

Digoxin Propoxyphene

Ethanol Phencyclidine

Iron (plus transferrin or unfilled Tricyclic antidepressants
iron-binding capacity)

Lithium

Phenobarbital

Salicylate

Theophylline

Valproic acid

Reprinted with permission from Wu AH, McKay C, Broussard LA, et al: National
Academy of Clinical Biochemists laboratory medicine practice guidelines:
Recommendations for the use of laboratory tests to support poisoned patients
who present to the emergency department. Clin Chem 2003;49:357-379.

admissions to be made and interventions undertaken more confidently and ef-
ficiently than would be likely based solely on a clinical diagnosis. This can be
especially beneficial in a setting where multiple cases are competing for the
physician’s attention.

Testing may also be indicated for medicolegal reasons. Diagnoses with le-
gal implications should be established “beyond a reasonable doubt.” Al-
though testing for illicit drugs is often done for medical purposes, it is almost
impossible to dissociate such testing from legal considerations. Documenta-
tion is also important in malevolent poisonings, intentional or unintentional
child abuse involving therapeutic or illicit drugs, and pharmacologic elder
abuse. Where test results may be used to document clear criminal activity,
consideration should be given to having testing done in a forensic laboratory,
maintaining full chain of custody.

The documentation function is also important outside the medicolegal arena.
Results of testing in a central laboratory are almost invariably entered into the
patient’s medical record and can often provide definitive confirmation of a
problem. Documentation has an additional importance that goes beyond the in-
dividual cases. Medical toxicology does not lend itself readily to experimental
human investigation. Much of toxicologic knowledge is derived from experi-
ments of nature, and recorded in case reports and case series. Hard data, such as
drug concentrations, can serve as key quantitative variables in summarizing and
correlating the data. That laboratory results can be reliably and, generally, eas-
ily found in the medical record, makes them particularly valuable in retrospec-
tive reviews. A related service that the toxicology laboratory may provide is
testing in support of experimental investigations.

The key to optimum use of the toxicology laboratory is communication. This
begins with learning the capabilities of the laboratory—what drugs are on its
menus, which ones can be measured and which merely detected, what are an-
ticipated turnaround times. For screening assays, one should know which drugs
are routinely detected, which ones can be detected if specifically requested, and
which ones cannot be detected, even when present at toxic concentrations.



7 LABORATORY PRINCIPLES 51

A key item is learning which specimens are appropriate for the test re-
quested. A general rule is that quantitative tests require serum (red stopper) or
heparinized plasma (green stopper), but not ethylenediaminetetraacetic acid
(EDTA) plasma (lavender stopper) or citrate plasma (light blue stopper).
EDTA and citrate bind divalent cations that may serve as cofactors for en-
zymes used as reagents or labels in various assays. Additionally, liquid EDTA
and citrate anticoagulants dilute the specimen. Serum separator tubes or
plasma separator tubes, identifiable by the separator gel in the tube, should be
avoided, as some drugs may diffuse into the gel, leading to falsely low re-
sults. A random, clean urine specimen is generally preferred for toxicology
screens, as the higher drug concentrations usually found in urine can com-
pensate for the lower sensitivity of the broadly focused screening techniques.
A urine specimen of 20 mL is usually optimal. Requirements for all speci-
mens may vary from laboratory to laboratory.

An important, and often overlooked, item of communication is specifying
drugs that are particularly suspected when making a request for a screening
test. This knowledge enables the laboratory to set up the tests for those drugs
first, and possibly adjust the protocols to increase sensitivity or specificity.
This may save an hour or more in the time needed for the laboratory to pro-
vide the critical information.

Consultation with the laboratory regarding puzzling cases or unusual
needs can allow consensus on an effective and feasible testing strategy. The
full capabilities of a toxicology laboratory are often not apparent from pub-
lished lists of tests available. Most full-service laboratories devote substan-
tial efforts to meeting reasonable requests, and provide consultations at no
charge.

The laboratory should also be contacted whenever results are inconsistent
with the clinical presentation. The most common causes for this are interfer-
ences and preanalytical errors. Analytical interference is caused by materials
in the specimen that interfere with the measurement process, leading to
falsely high or low results. For example, hemoglobin can interfere with a va-
riety of spectrophotometric tests by absorbing the light used to make the mea-
surement. Preanalytical errors are events that occur prior to laboratory analy-
sis and produce incorrect or misleading results, such as mislabeling, specimen
contamination by intravenous solutions, and incorrect collection time or tech-
nique. The laboratory is familiar with the common sources of these discrep-
ancies. If the discrepancy is the result of laboratory error, it is critical that the
laboratory be informed, so that steps can be taken to understand the source of
the error and avoid a recurrence.

METHODS USED IN THE TOXICOLOGY LABORATORY

Table 7-2 compares the basic features of the methodologies used in the toxi-
cology laboratory. Other methodologies include ion-selective electrode mea-
surements of lithium, atomic absorption spectroscopy or inductively coupled
plasma mass spectroscopy for lithium and heavy metals, and anodic stripping
methods for heavy metals.

Spot Tests

These rely on the rapid reaction of a drug with a chemical reagent to produce
a colored product; for example, the formation of a colored complex between
salicylate and ferric ions.
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TABLE 7-2. Relative Comparison of Toxicology Methods
Sensi-  Speci- Quanti- Analyte

Method tivity ficity tation Range Speed Cost
Spot test + + No Few Fast $
Spectro- + + Yes Few Medium  $
chemical

Immuno- ++ ++ Yes Moderate ~ Medium  $$
assay

TLC + ++ No Broad Slow $$
HPLC ++ ++ Yes Broad Medium  $$
GC ++ ++ Yes Broad Medium  $$
GC/MS +++ +++ Yes Broad Slow $$$
LC/MS/MS  +++ +++ Yes Broad Medium  $$$$

GC, gas chromatography; GC/MS, gas chromatography-mass spectroscopy;
HPLC, high-performance liquid chromatography; LC/MS/MS, liquid chroma-
tography-tandem mass spectroscopy; TLC, thin-layer chromatography.

Spectrochemical Tests

These rely on a chemical reaction to form a light-absorbing substance. They
differ from simple spot tests in that the reaction conditions and reagent con-
centrations are carefully controlled and the amount of light absorbed is quan-
titatively measured at one or more specific wavelengths.

Immunoassays

The combination of high affinity and high selectivity make antibodies ideal as-
say reagents. There are two common types of immunoassays. In noncompeti-
tive immunoassays, the analyte is sandwiched between two antibodies, each of
which recognizes a different epitope on the analyte. In most commonly used
immunoassays (competitive immunoassays), analyte from the patient’s speci-
men competes for a limited number of antibody binding sites with a labeled
version of the analyte provided in the reaction mixture (Fig. 7-1).

Chromatography

Chromatography encompasses several related techniques in which analyte
specificity is achieved by physical separation. The unifying mechanism for
separation is the partition of the analytes and other substances between a sta-
tionary phase and a moving phase (mobile phase). In most instances, the sta-
tionary phase consists of very fine particles arranged in a thin layer or en-
closed within a column. The mobile phase flows through the spaces between
the particles. Analytes are in a rapid equilibrium between solution in the mo-
bile phase and adsorption to the surfaces of the particles. They move when in
the mobile phase and stop when adsorbed to the stationary phase. Chroma-
tography is a separation method and must be combined with a detection
method to allow identification and measurement of the separated substances.

In thin-layer chromatography (TLC), the concentrated extracts are redis-
solved in a small amount of solvent and spotted onto a thin layer of silica gel
that is supported on a glass or plastic plate, or embedded in a fiber matrix.

In the related technique of high-performance liquid chromatography
(HPLC), the stationary phase is packed into a column and the mobile phase is
pumped through under high pressure (Fig. 7-2). This allows good flow rates
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Labeled drug
Unlabeled drug

*
Y Antidrug antibody

Cross-linking antibody

FIG. 7-1. Competitive radioimmunoassay. A. No drug from the specimen is
present to displace the I-labeled drug. Adding the cross-linking antibody
precipitates the assay antibody, along with high amounts of bound radioactiv-
ity. B. Unlabeled drug in the specimen displaces some of the labeled drug.
The displaced label is left in solution when the cross-linking antibody is
added, resulting in less radioactivity in the precipitate.

to be achieved, even when solid phases with very small particle sizes are
used. Smaller particle size increases surface area, decreases diffusion dis-
tances, and improves resolution, but the spaces between the particles are also
smaller, increasing the resistance to flow. The use of high pressure and small
particles allows better separations in a fraction of the time required for TLC.

Gas chromatography (GC) is similar in principle to HPLC, except that the
moving phase is a gas, usually the inert gas helium or, occasionally, nitrogen.
The low flow resistance of gas allows high flow rates that make possible sub-
stantially longer columns than are used in HPLC.
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FIG. 7-2. High-performance liquid chromatography. HPLC is schematically
shown. A. A mixture of three compounds is injected into a column with a re-
versed-phase packing. B. The compounds move through the column at charac-
teristic speeds. The most hydrophilic compound () moves most quickly,
whereas the most hydrophobic compound (@) moves most slowly. C. The com-
pound of intermediate polarity (¢») has reached the detection cell, where it ab-
sorbs light directed through the cell and generates a signal proportional to its
concentration. D. lllustration of the HPLC tracing that might result: 7 indicates the
time of injection. The artifact at 2 results when the injection solvent reaches the
detector, and indicates the retention time of a completely unretained compound.
The peaks at 3, 4, and 5 correspond to the separated compounds. For example,
peak 4 might be amitriptyline; peak 3 might be the more polar metabolite, nortrip-
tyline; and peak 5 could be the more hydrophobic internal standard N-ethylnor-
triptyline. Later-emerging peaks are typically wider and shorter, because of more
time for diffusive forces to spread out the molecules.
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Gas chromatography is limited to molecules that are reasonably volatile at
temperatures below 572°F (300°C), above which the stationary phase may
begin to break down. Two principal attributes of a molecule limit its volatil-
ity: its size and its ability to form hydrogen bonds. Molecules that form hy-
drogen bonds via amino, hydroxyl, and carboxylate moieties can be made
more volatile by replacing hydrogens on oxygen and nitrogen atoms with a
nonbonding, preferably large, substituent. (Large substituents sterically
hinder access to the acceptor electron pairs on the nitrogen and oxygen at-
oms.) A number of derivatizing agents can be used to add appropriate substit-
uents. The most common derivatives involve the trimethylsilyl (TMS) group.
Although derivatization with TMS substantially increases the molecular
weight, the resulting derivative is much more volatile as a result of the loss of
hydrogen bonding.

A number of detectors are available for GC. The most common detector,
particularly for packed columns, is the flame ionization detector. Organic
molecules emerging from the column are burned, creating charged combus-
tion intermediates that can be measured as a current. The mass spectrometer
can serve as a highly sensitive GC detector and additionally possesses the
ability to generate highly characteristic mass spectra from the compounds it
is detecting. The mass spectrometer then uses electromagnetic filtering to di-
rect only ions of a specified mass-to-charge (m/z) ratio to a detector. The mass
spectrum of any compound is highly distinctive and usually unique.

QUANTITATIVE DRUG MEASUREMENTS

When properly used to guide dosing adjustments, drug concentration measure-
ments improve medical outcomes. An essential requirement for interpretation
of drug concentrations is that the relationship between drug concentrations and
drug effects be known. The relationships between toxic concentrations and ef-
fects cannot be systematically studied in humans, and consequently are often
incompletely defined. These relationships are largely inferred from data pro-
vided in overdose case reports and case series. For the toxicologist, drug con-
centrations are especially useful in two ways. For drugs whose toxicity is de-
layed or is clinically inapparent during the early phases of an overdose, drug
concentrations may have substantial prognostic value. These concentrations
may be used to make decisions regarding therapy or prognosis. Knowledge of
the pharmacokinetics of a drug can substantially enhance the ability to draw
meaningful conclusions from a measured concentration (Table 7-3).

For drugs that bind significantly to plasma proteins, it is the concentration
of drug that is not bound to proteins (the free drug concentration) that is in
equilibrium with concentrations at the site of action. Increasing the percent-
age of drug in free form results in stronger effects than would be predicted
from the total drug concentration. Measurement of free drug concentrations
can clarify such situations.

TOXICOLOGY SCREENING

A test unique to the toxicology laboratory is the toxicology screen, or “tox
screen.” Depending on the laboratory, this term may refer to a single compre-
hensive testing methodology, such as a TLC or GC, with the ability to detect
multiple drugs. It may refer to a panel of individual tests, such as a drug abuse
screen, or it may be a combination of broad spectrum and individual tests. (Ta-
ble 74 suggests the components of a focused toxicology screen.) The wide-
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TABLE 7-3. Factors That May Alter Concentration-Effect Relationships

Factor Effect Examples

Measurement during Underestimation Sustained-release preparations;

absorption phase of eventual large ingestions of poorly soluble
effects drugs (eg, salicylates); drugs

that slow gastric emptying (eg,
tricyclic antidepressants)

Measurement dur- Overestimation Lithium, digoxin, tricyclic antide-
ing distribution of effects pressants

phase

Decreased binding Underestimation Phenytoin

to proteins of effects

Saturation of binding ~ Underestimation Salicylate, valproic acid
proteins of effects
Binding by antidote Variable Digoxin/digoxin immune Fab

spread use of the term “tox screen” is unfortunate, as this wrongly implies for
many physicians the availability of a test that can exclude poisoning as a diag-
nosis. Furthermore, a positive finding does not necessarily confirm a diagnosis
of poisoning. For assays that detect only the presence of a drug, it is not possi-
ble to distinguish benign or therapeutic concentrations from toxic ones. Quanti-
tative tests may falsely suggest toxicity when drug concentrations are measured
during the distribution phase of the drug, which may extend for several hours
with drugs like digoxin and lithium. Moreover, the phenomenon of tolerance
may allow chronic drug users to be relatively unaffected by concentrations that
would be quite toxic to a naive individual.

SPECIAL CONSIDERATIONS FOR
DRUG-ABUSE SCREENING TESTS

Testing for drugs of abuse is a significant component of medical toxicology test-
ing. Initial testing is usually done with a screening immunoassay. Positive results

TABLE 7-4. Components of a Focused Toxicology Screen

Serum Tests Urine Tests
Acetaminophen Cocaine metabolite
Ethanol Opiates
Salicylates Tricyclic antidepressants?
Tricyclic antidepressants (semiquantitative
immunoassay)
Consider including:
Barbiturates Amphetamines
Cooximetry® Barbiturates?
Iron Benzodiazepines
Lithium Methadone
Theophylline Phencyclidine
Valproic acid Propoxyphene

Volatile alcohols®

Other locally prevalent drugs
af not included in serum tests.
PRequires whole-blood specimen.
¢Methanol, isopropanol (+ acetone).
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may be confirmed by retesting using a nonimmunologic test, but this is fre-
quently not done. (Drug-abuse testing for nonmedical reasons is generally con-
sidered to be forensic testing, and confirmation is considered mandatory in such
circumstances.) The most commonly tested for drugs are amphetamines, can-
nabinoids, cocaine, opiates, and phencyclidine. These are often referred to as the
NIDA 5, because they are the five drugs that were recommended for drug
screening of federal employees by the National Institute on Drug Abuse (NIDA)
in 1988. Drug-screening immunoassays are also frequently done for barbiturates
and benzodiazepines, and less frequently for methadone and propoxyphene.

The use of specific cutoft concentrations is nearly universal. Test results
are considered positive only when the concentration of drug in the specimen
exceeds a predetermined threshold. This threshold should be set sufficiently
high so that false-positive results because of analytic variability or because of
crossreactivity are extremely infrequent. They should also be low enough to
consistently give a positive result in persons who are using drugs. Cutoff con-
centrations used will vary with the drug or drug class under investigation. The
use of cutoff values sometimes creates confusion, such as when a patient who
is known to recently have used a drug has a negative result reported on a drug
screen. In such instances, the drug is usually present, but at a concentration
below the cutoff value.

Another widely used practice is the confirmation of positive screening results
using an analytical methodology different from that used in the screen, such as an
immunoassay screen followed by chromatographic confirmation. The possibility
of simultaneous false-positive results by two distinct methods is quite low. The
most common confirmatory method is gas chromatography-mass spectroscopy.
The high specificity afforded by the combination of the retention time and the
mass spectrum makes false-positive results extremely unlikely.

REGULATORY ISSUES AFFECTING TOXICOLOGY TESTING

Since 1992, medical laboratory testing has been governed by federal regula-
tions (42 CFR part 405 et seq) issued under the authority of the Clinical Lab-
oratory Improvement Amendments of 1988 (often referred to as CLIA-88 or
simply CLIA). These regulations apply to all laboratory testing of human
specimens for medical purposes, regardless of site. They include the univer-
sal requirement for possession of an appropriate certificate to perform even
the simplest of tests. The remaining requirements depend on the complexity
of the test. These regulations become important to the medical toxicologist
whenever testing is done at the bedside, whether using spot tests or commer-
cial point-of-care devices, such as dipsticks, glucose meters, and urine drug-
screening devices.

The regulations divide testing into three categories: waived, moderate
complexity, and high complexity. Waived tests include a number of specifi-
cally designated simple tests, including urine dipsticks, urine pregnancy tests,
urine drug-screening immunoassay devices, and blood glucose measurements
with a hand-held monitor. Most assays performed with commercial kits or
devices are classified as belonging to the moderately complex category. There
are substantial requirements for both moderate and highly complex testing,
most of which simply represent good laboratory practice.

Breath tests for ethanol and carbon monoxide are not regulated by CLIA,
because no human specimen is involved. However, such testing may be cov-
ered by state laws or by institutional or accrediting agency policies.



8 Techniques Used to Prevent
Gastrointestinal Absorption

Gastrointestinal decontamination has remained one of the most controversial
issues in medical toxicology for many years. It plays a central role in the ini-
tial management of the orally poisoned patient, and it is frequently the only
treatment available in addition to necessary supportive care. As might be sus-
pected, available studies fail to provide adequate guidance for the manage-
ment of a patient who definitely has taken an unknown ingestion at an un-
known time. Fortunately, in most cases there is either some component of the
history or clinical presentation, such as vital signs, physical examination, and
routine diagnostic studies (such as ECG and anion gap), that offers insight
into the nature of the ingested xenobiotic.

Recommendations made by experts, clinicians, and authors for both theo-
retical and actual patients vary widely. These differences suggest that there is
inadequate evidence available to produce a proper evidence-based answer for
many of the decisions in question. Most of the clinical studies that provide
evidence for consensus statements include limited numbers of xenobiotics
and few life-threatening ingestions. Similarly, there are no studies for most
drugs with modified release kinetics or for many new drugs. Thus, the clini-
cian often must make decisions based on a philosophic approach (outlined
below) and an understanding of specific principles rather than evidence. Sub-
sequent Antidotes-in-Brief sections provide more information on the actual
methods of decontamination.

GASTRIC EMPTYING

The principal theory governing gastric emptying is very simple: If a portion
of xenobiotic can be removed prior to absorption, its potentially toxic effect
should either be prevented or minimized. Multiple studies on gastric empty-
ing clearly demonstrate that many patients can be successfully managed
without aggressive gastric emptying. The clinical parameters listed in Table
8—1 help to identify those individuals for whom gastric emptying is usually
not indicated based on a risk-to-benefit analysis. In contrast, for a small
subset of patients (Table §—1) gastric emptying may be indicated. A thor-
ough understanding of this risk analysis is essential for every patient who
ingests a xenobiotic.

Time is an important consideration because in order for gastric empty-
ing to be beneficial, a consequential amount of xenobiotic must still be
present in the stomach. Demographic studies have found that very few
poisoned patients arrive at the hospital soon after an ingestion. Average
times from ingestion to presentation in most studies are approximately
three to four hours, with significant variations. This delay diminishes the
likelihood of recovering large percentages of the xenobiotic from the
stomach, unless patients have ingested a xenobiotic that slows gastric
emptying rates. Recent data serve to highlight the arbitrary nature of this
limitation. In a prospective study of 85 poisoned patients, gastric scintig-
raphy demonstrated markedly prolonged gastric emptying half-times and
gastric hypomotility.
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TABLE 8-1. Risk Assessment: When to Consider Gastric Emptying

Gastric Emptying Is Usually Not Indicated If2

Although the xenobiotic ingested is potentially toxic, the dose ingested is less
than that expected to produce significant illness.

The ingested xenobiotic is well adsorbed by activated charcoal, and the
amount ingested is not expected to exceed the adsorptive capacity of acti-
vated charcoal.

Significant spontaneous emesis has occurred.

The patient presents many hours postingestion and has minimal signs or
symptoms of poisoning.

The ingested xenobiotic has a highly efficient antidote (such as acetaminophen).
Gastric Emptying May Be Indicated If®

There is reason to believe that, given the time of ingestion, a significant amount
of the ingested xenobiotic is still present in the stomach.

The ingested xenobiotic is known to produce serious toxicity or the patient has
obvious signs or symptoms of life-threatening toxicity.

The ingested xenobiotic is not adsorbed by activated charcoal.

Although the ingested xenobiotic is adsorbed by activated charcoal, the
amount ingested exceeds the activated charcoal-to-xenobiotic ratio of 10:1
even with a double-standard dose of activated charcoal.

The patient has not had spontaneous emesis.

No highly effective specific antidote exists or alternative therapies (such as
hemodialysis) pose a significant risk to the patient.

aPatients who fulfill these criteria can be decontaminated safely with activated
charcoal alone or may require no decontamination at all.

bPatients who fulfill these criteria should be considered candidates for gastric
emptying if there are no contraindications. For individuals who meet some of
these criteria but who are judged not to be candidates for gastric emptying,
single- or multiple-dose activated charcoal and/or whole-bowel irrigation
should be considered.

The assessment continues with an evaluation for potential contraindica-
tions (Table 8-2). Regardless of the severity of the ingestion and other con-
tributing factors, such as time, there must not be any contraindication to gas-
tric emptying procedures. Because the demonstrable benefit of emptying is
marginal at best, even a relative contraindication usually dictates that the pro-
cedure should not be attempted.

Once the decision to perform gastric emptying is made, the clinician must
choose between the two available methods.

Orogastric Lavage

Many authors adopt the consensus approach that orogastric lavage should not
be considered unless a patient has ingested a potentially life-threatening
amount of a xenobiotic and the procedure can be undertaken within 60 min-
utes of ingestion. A synthesis of available data can be used to develop indica-
tions for orogastric lavage (Table 8-2). When deciding whether to actually
perform orogastric lavage for a poisoned patient, these indications, contrain-
dications, and potential adverse effects must be considered (see below). Table
8-3 summarizes the actual technique for orogastric lavage.

Adbverse effects of orogastric lavage include injury to the airway, esopha-
gus, and stomach. These injuries, as well as other well-known complications
such as aspiration pneumonitis, emphasize that orogastric lavage is not risk
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TABLE 8-2. Indications for and Contraindications to Orogastric Lavage
Indications

The benefits of gastric emptying outweigh the risks.

Contraindications

The patient does not meet criteria for gastric emptying (Table 8-1).

The patient has lost or will likely lose his/her airway protective reflexes and has
not been intubated. (Once intubated, orogastric lavage can be performed if
otherwise indicated.)

Ingestion of an alkaline caustic.

Ingestion of a foreign body (such as a drug packet).

Ingestion of a xenobiotic with a high aspiration potential (such as a hydrocar-
bon) in the absence of endotracheal intubation.

The patient is at risk of hemorrhage or gastrointestinal perforation because of
underlying pathology, recent surgery, or other medical condition that could be
further compromised by the use of orogastric lavage.

Ingestion of a xenobiotic in a form known to be too large to fit into the lumen of
the lavage tube (such as many modified-release preparations).

free and should only be considered based on the rigorous indications for gas-
tric emptying as listed above.

Syrup of Ipecac

Although many animal and human studies show a reduction in drug concentra-
tions with induced emesis, no clinical benefit for this technique has ever been
proven. Furthermore, in view of the benefits of activated charcoal and the impor-

TABLE 8-3. The Technique of Performing Orogastric Lavage

Select the correct tube size
Adults/adolescents: 36-40 French
Children: 22-28 French

Procedure

1. If there is potential airway compromise, endotracheal or nasotracheal intu-
bation should precede orogastric lavage.

2. The patient should be kept in the left-lateral decubitus position. Because the
pylorus points upward in this orientation, this positioning theoretically helps
prevent the xenobiotic from passing through the pylorus during the procedure.

3. Prior to insertion, the proper length of tubing to be passed should be mea-
sured and marked on the tube. The length should allow the most proximal
tube opening to be passed beyond the lower esophageal sphincter.

4. After the tube is inserted, it is essential to confirm that the distal end of the
tube is in the stomach.

5. Withdraw any material present in the stomach and consider the immediate
instillation of activated charcoal for large ingestions of xenobiotics known to
be adsorbed by activated charcoal.

6. Via a funnel (or lavage syringe) instill in an adult 250 mL aliquots of a room-
temperature saline lavage solution. In children, aliquots should be 10-15
mL/kg to a maximum of 250 mL.

7. Orogastric lavage should continue for at least several liters in an adult and
for at least 0.5-1 L in a child or until no particulate matter returns and the
effluent lavage solution is clear.

8. Following orogastric lavage, the same tube should be used to instill acti-
vated charcoal, if indicated.
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TABLE 8-4. Indications and Contraindications for Syrup of Ipecac

Indications

Orogastric lavage cannot be performed or is contraindicated because of the
size of the xenobiotic formulation.

The history and/or physical examination suggest that there is likely to be a clin-
ically significant amount of xenobiotic remaining in the stomach.

The benefits of gastric emptying outweigh the risks from the contraindications.
Contraindications

The patient does not meet criteria for gastric emptying (Table 8-1).

Either activated charcoal or another oral agent is expected to be necessary in
the next few hours.

Airway protective reflexes might be lost within the next 30-60 minutes.
Ingestion of a caustic.

Ingestion of a foreign body such as a drug packet or sharp item.

Ingestion of a xenobiotic with a high aspiration potential such as a hydrocarbon.
The patient is younger than 6 months of age, elderly, or debilitated.

The patient has a premorbid condition that would be compromised by vomiting.

tance of minimizing any delay in its administration, syrup of ipecac should not be
used because it delays the administration of activated charcoal, as well as any other
oral treatment. Given the lack of evidence demonstrating a clinically meaningful
benefit of induced emesis and its significant contraindications, syrup of ipecac in
the emergency department and at home should no longer be considered a routine
part of management (Table 8—4). However, there still may be an extremely limited
role for ipecac-induced emesis (Antidotes in Brief: Syrup of Ipecac).

PREVENTION OF XENOBIOTIC ABSORPTION
Activated Charcoal

Activated charcoal has long been recognized as an effective method for re-
ducing the systemic absorption of many xenobiotics. For certain xenobiotics
it also acts to enhance elimination through interruption of either the enterohe-
patic or enteroenteric cycle. Activated charcoal is the single most useful ther-
apy in the management of patients with acute oral overdoses. Like other
methods of gastrointestinal decontamination, there is a lack of sound evi-
dence of its benefits as defined by clinically meaningful endpoints. It is gen-
erally accepted that unless there is a reason to suspect that a significant
amount of xenobiotic is in the gut, and either airway protective reflexes are
intact (and expected to remain so) or the patient’s airway has been protected,
the administration of activated charcoal is contraindicated.

Based on available data from in vivo and in vitro studies, the actual recom-
mended dosing regimen for activated charcoal varies: 25-100 g in adults (1 g/kg
body weight), and 0.5-1 g/kg body weight in children. These recommenda-
tions are generally based more on activated charcoal tolerance than on effi-
cacy. When a calculation of a 10:1 activated charcoal-to-drug ratio exceeds
these recommendations, either gastric emptying or multiple-dose activated
charcoal (MDAC) therapy should be considered (Table 8-5).

Multiple-Dose Activated Charcoal

Multiple-dose activated charcoal is typically defined as more than two se-
quential doses of activated charcoal. In many cases, the actual number of
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TABLE 8-5. Indications and Contraindications for Single-Dose Activated
Charcoal Therapy without Gastric Emptying

Indications

Ingestion of a toxic amount of a xenobiotic that is known to be adsorbed by
activated charcoal

The ingestion has occurred within a time frame amenable to adsorption by
activated charcoal or clinical factors are present that suggest that not all of the
xenobiotic has already been systemically absorbed

Contraindications

Activated charcoal is known not to adsorb a clinically meaningful amount of
the ingested xenobiotic

Airway protective reflexes are absent or expected to be lost and the patient is
not intubated

Gastrointestinal perforation is likely as in cases of caustic ingestions

Therapy may increase the risk and severity of aspiration, such as in the pres-
ence of hydrocarbons with a high aspiration potential

Endoscopy will be an essential diagnostic modality (acid or alkaline caustics)

doses administered can be substantially greater. This technique serves two
purposes: (a) to prevent ongoing absorption of a xenobiotic that persists in
the gastrointestinal tract (usually in the form of a modified-release prepara-
tion), and (b) to enhance elimination by either disrupting enterohepatic recir-
culation or by “gut-dialysis” (enteroenteric recirculation).

Like single-dose activated charcoal, MDAC can produce emesis with sub-
sequent pulmonary aspiration of gastric contents. It is intuitive that these
risks are greater with multiple-dose than with single-dose therapy. Table 8—-6
summarizes the indications and contraindications for MDAC therapy. Be-
cause the optimal doses and intervals for repeated doses of activated charcoal
are not established, recommendations are based more on amounts that can be
tolerated, rather than on amounts that might be considered pharmacologically
appropriate. Table 8-7 lists typical dosing regimens. Larger doses and shorter
intervals should be used for patients with more severe toxicity. It is reason-
able to base end points on either the patient’s clinical condition or xenobiotic
concentrations when they are easily measured.

WHOLE-BOWEL IRRIGATION

Whole-bowel irrigation (WBI) represents a method of flushing the gas-
trointestinal tract in an attempt to prevent further absorption of xenobiot-

TABLE 8-6. Indications and Contraindications for Multiple-Dose Activated
Charcoal Therapy

Indications

Ingestion of a life-threatening amount of carbamazepine, dapsone, phenobar-
bital, quinine, or theophylline

Ingestion of a life-threatening amount of another xenobiotic that undergoes entero-
hepatic or enteroenteric recirculation that is adsorbed to activated charcoal
Ingestion of a significant amount of any slowly released xenobiotic, or of a
xenobiotic known to form concretions or bezoars

Contraindications

Any contraindication to single-dose activated charcoal

The presence of an ileus or other causes of diminished peristalsis
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TABLE 8-7. Technique of Administering Multiple-Dose Activated
Charcoal Therapy

Initial dose orally or via orogastric or nasogastric tube

Adults and children: 1 g/kg of body weight or a 10:1 ratio of activated char

coal-to-xenobiotic, whichever is greater. Following massive ingestions, 2 g/kg

of body weight might be indicated, if such a large dose can be easily adminis-
tered and tolerated.

Repeat doses orally or via orogastric or nasogastric tube

Adults and children: 0.25-0.5 g/kg of body weight every 1-6 hours, in accor-

dance with the dose and dosage form of xenobiotic ingested (larger doses or

shorter dosing intervals occasionally may be indicated).

Procedure

1. Add 8 parts of water to the selected amount of powdered form. All formula-
tions, including prepacked slurries, should be shaken well for at least 1
minute to form a transiently stable suspension prior to drinking or instillation
via orogastric or nasogastric tube.

2. Activated charcoal can be administered with a cathartic, for the first
dose only, when indicated, but cathartics should never be administered
routinely and never be repeated with subsequent doses of activated
charcoal.

3. If the patient vomits the dose of activated charcoal, it should be repeated.
Smaller, more frequent doses or continuous nasogastric administration may
be better tolerated. An antiemetic may be needed.

4. If a nasogastric or orogastric tube is used for MDAC administration, time
should be allowed for the last dose to pass through the stomach before
removing the tube. Suctioning the tube itself prior to removal may prevent
subsequent charcoal aspiration.

ics. This is achieved through the oral or nasogastric administration of
large amounts of an osmotically balanced polyethylene glycol electrolyte
lavage solution (PEG-ELS). When experimental, theoretical, and anec-
dotal human experience is considered, the use of WBI with PEG-ELS can
be supported for patients with potentially toxic ingestions of sustained-re-
lease pharmaceuticals and iron. Other theoretical indications include the
ingestion of large amounts of a xenobiotic where morbidity is expected to
be high and absorption slow, the ingested xenobiotic is not adsorbed to
activated charcoal, and other methods of gastrointestinal decontamination
are unlikely to be either safe or beneficial. The removal of packets of il-
licit drugs (eg, from body-packers) can be considered a unique indication
for WBI.

The contraindications for WBI are more clearly defined. This technique
cannot be applied safely if the gastrointestinal tract is not intact, there are
signs of ileus or obstruction, significant gastrointestinal hemorrhage, or in pa-
tients with inadequate airway protection, uncontrolled vomiting or conse-
quential hemodynamic instability that compromise gastrointestinal function
or integrity. Finally, the combination of WBI and activated charcoal decreases
the adsorption of xenobiotics to activated charcoal, especially when the WBI
solution is premixed with activated charcoal. Activated charcoal seems to be
most efficacious if administered before initiating WBI.

The indications for WBI must, at the present time, remain theoretical, as
the only support for the efficacy of this procedure comes from surrogate
markers and anecdotal experience. Table 8—8 summarizes the indications and
the contraindications to WBI.
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TABLE 8-8. Indications and Contraindications for Whole-Bowel Irrigation
Indications

Ingestion of a toxic amount of a xenobiotic that is not adsorbed to activated
charcoal when other methods of gastrointestinal decontamination are not pos-
sible or not efficacious

Removal of packets of illicit drugs (eg, from body-packers)

Contraindications

Airway protective reflexes are absent or expected to become so in a patient
who has not been intubated

Gastrointestinal tract is not intact

Signs of ileus obstruction, significant gastrointestinal hemorrhage, or hemody-
namic instability that might compromise gastrointestinal motility

Persistent vomiting

Signs of leakage from illicit cocaine packets (indication for surgical removal)

CATHARTICS

At the present time there seems to be no indication for the routine use of ca-
thartics as a method of either limiting absorption or enhancing elimination. A
single dose can be given as an adjunct to activated charcoal therapy when
there are no contraindications, and constipation or an increased gastrointesti-
nal transit time is expected.

SURGERY AND ENDOSCOPY

Surgery and endoscopy are occasionally indicated for decontamination of
poisoned patients. As might be expected, there are no controlled studies, and
potential indications are based largely on case reports and case series. A pro-
spective uncontrolled series of 50 patients with cocaine packet ingestion was
collected more than 20 years ago. The patients were conservatively observed
and only underwent surgery if there were signs of leakage or mechanical
bowel obstruction. As most packages do not spontaneously rupture, mechani-
cal obstruction was the most common reason for surgery. A few case reports
have presented mixed results for the endoscopic removal of drug packets
from the stomach. At present, this method is not generally recommended be-
cause of the potential for packet rupture. However, under exceptional circum-
stances there is certainly a precedent for attempting this procedure in a highly
controlled setting such as an ICU or operating room.

In rare cases of massive iron overdoses where emesis, orogastric lavage,
and gastroscopy had failed, gastrotomy was performed. The significant clini-
cal improvement and postoperative recovery indicated that the surgery in
these particular cases was the correct approach.



Syrup of Ipecac

The role of syrup of ipecac has changed dramatically in the last decade. A
critical evaluation of animal, volunteer, and a limited number of clinical stud-
ies suggest that ipecac administration, once the mainstay of poison manage-
ment for children and adults, should be reserved for a few selected circum-
stances rather than administered on a routine basis. The rationale for this
change is based on the facts that (a) most poisonings in children are benign;
(b) many adults overdose with xenobiotics that rapidly cause an altered men-
tal status which constitutes a contraindication to the administration of ipecac;
and (c) ipecac-induced vomiting may be delayed and/or persistent, thereby
resulting in a delay in the administration of activated charcoal.

PHARMACOLOGY

Ipecac is derived from the dried rhizome and roots of plants found in Brazil be-
longing to the family Rubiaceae, such as Cephaelis acuminata and Cephaelis
ipecacuanha. Cephaeline and emetine are the two alkaloids largely responsible
for the production of nausea and vomiting, with cephaeline being the more po-
tent. Each 15-mL dose of the syrup of ipecac contains 16-21 mg of cephaeline
and 6.4-21 mg of emetine, resulting in variable cephaeline-to-emetine ratios.
After administration to volunteers, peak plasma concentrations of the alkaloids
were reached by one hour and were undetectable at six hours. Only 2% of the
total amount of alkaloids in the ipecac were excreted in the urine within 48
hours, and alkaloids remained detectable in the urine for at least two weeks.
Syrup of ipecac induces vomiting both by local activation of peripheral
emetic sensory receptors in the proximal small intestine, and by central stimu-
lation of the chemoreceptor trigger zone. Serotonin, (5-HT;) receptors mediate
the nausea and vomiting produced by syrup of ipecac by both mechanisms.
Nearly 90% of children given syrup of ipecac vomit within 30 minutes (mean:
18.7 minutes). The onset of emesis following syrup of ipecac administration does
not appear to be affected by fluid administration before or after syrup of ipecac, by
the temperature of the fluids, or by gentle patient motion or walking. The average
number of episodes of vomiting following syrup of ipecac administration is three,
with a range of one to eight, and the duration of vomiting averages 23—60 minutes.

VOLUNTEER STUDIES

Numerous studies support the concept that the sooner syrup of ipecac is ad-
ministered after ingestion, the greater the amount of the ingested substance
that will be recovered. The decrease in the amount of substance absorbed var-
ies from study to study because of differences in study design, including time
to initiation of the various techniques and the particular substance or marker
used to assess efficacy. Values on the order of 33% reduction are commonly
reported, but vary widely depending on xenobiotic choice, timing of ipecac
administration, and individual variability.

OVERDOSE PATIENTS

Forty self-poisoned patients were each given 20 radiopaque pellets on admis-
sion and randomized immediately to therapy with either orogastric lavage or
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syrup of ipecac-induced emesis. Approximately 45% of the pellets were re-
moved in both the orogastric lavage and the syrup of ipecac groups. Two pa-
tients in the lavage group and one in the syrup of ipecac group had 100% of the
pellets removed, and two patients in the lavage group had no pellets removed.

OUTCOME STUDIES

A large emergency department (ED) study addressed whether gastric empty-
ing with either syrup of ipecac followed by activated charcoal or orogastric
lavage followed by activated charcoal was more effective than activated char-
coal alone in overdosed patients. Syrup of ipecac did not affect the outcome
in patients who arrived awake and alert. Several subsequent studies failed to
show a benefit of ipecac-induced emesis before activated charcoal adminis-
tration compared with the administration of activated charcoal alone. Further-
more, pulmonary aspiration was more common in patients who had the com-
bined regimen. A study using the poison center database determined that
home use of syrup of ipecac did not reduce the rate of ED referrals.

INDICATIONS

Most authorities agree with the American Academy of Pediatrics statement
that syrup of ipecac should no longer be used routinely. Only a few groups of
patients are considered appropriate candidates for the use of the syrup of ipe-
cac, including those who (a) overdose on xenobiotics that do not cause a
rapid change in mental status, such as acetaminophen or salicylates; (b) con-
sume massive amounts of a xenobiotic that may exceed the binding capacity
of activated charcoal, such as salicylates; and (c) ingest a xenobiotic not ad-
sorbed to activated charcoal, such as lithium. Under these circumstances, if
the presence of unabsorbed drug in the stomach remains a potential problem,
then the use of syrup of ipecac might be appropriate in rare instances when
weighed against the utility of activated charcoal or whole-bowel irrigation
with PEG-ELS. The time frame for this decision is usually within one to two
hours following ingestion.

CONTRAINDICATIONS

Syrup of ipecac should not be administered to patients who have ingested acids or
alkalis, are younger than six months of age, are expected to deteriorate rapidly,
have a depressed mental status, have a compromised gag reflex, have ingested ob-
jects such as batteries or sharps, or have a need for rapid gastrointestinal evacua-
tion to prevent absorption. Syrup of ipecac should not be administered to those
for whom the hazards of vomiting and aspiration of the ingested substance out-
weigh the risks associated with systemic absorption (eg, hydrocarbons), those
who have significant prior vomiting, or those for whom vomiting will delay ad-
ministration of an oral antidote, or to those with a hemorrhagic diathesis, or a
nontoxic ingestion, or when toxin is no longer expected to be in the stomach.

ADVERSE EFFECTS

The most common problem associated with induced emesis is pulmonary as-
piration of gastric contents. Uncommon problems that have occurred after
therapeutic doses of syrup of ipecac include Mallory-Weiss esophageal tear;
herniation of the stomach into the left chest in a child who had a previously
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unrecognized underlying congenital defect of the diaphragm; intracerebral
hemorrhage; pneumomediastinum; and vagally mediated bradycardia.

Chronic use of frequent doses of syrup of ipecac results in muscle weak-
ness and congestive cardiomyopathy. Abuse can be documented by demon-
strating emetine in the urine.

DOSAGE AND ADMINISTRATION

The dose of syrup of ipecac is 15 mL in children 1-12 years old and 30 mL in
older children and adults. If vomiting does not ensue after the first dose, the
same dose may be repeated once in 20-30 minutes. For children 612 months
of age, ipecac use should be limited to a maximum single dose of 10 mL.



Activated Charcoal

Activated charcoal (AC), a fine, black, odorless powder, has been recognized
for almost two centuries as an effective adsorbent of many substances. The
current debate regarding the role of AC in poison management involves rec-
onciling evidence-based studies in volunteers and small numbers of heteroge-
neous overdosed patients with clinical experience. AC should be considered
for administration to a poisoned or overdosed patient following a risk-to-ben-
efit assessment for the substance presumably ingested, for the circumstances
of the exposure, and for the particular patient.

ADSORPTION: MECHANISMS AND CONSIDERATIONS

AC is produced in a two-step process beginning with the pyrolysis of various
carbonaceous materials such as wood, coconut, petroleum, or peat. This pro-
cessing is followed by treatment at high temperatures with a variety of oxi-
dizing (activating) agents, such as steam or carbon dioxide, to increase the
adsorptive capacity through the formation of an internal matrix of pores, re-
sulting in a huge surface area. The rate of adsorption depends on external sur-
face area, whereas the adsorptive capacity is dependent on the far larger inter-
nal surface area. The adsorptive capacity can be modified by altering the size
of the pores. Current AC products have pore sizes that range from 10-1000
angstroms (A) with most of the internal surface area created by the summa-
tion of 10-20 A-sized pores. Most drugs are of moderate molecular weight
(100-800 daltons) and adsorb well to pores in the range of 1020 A. Adsorp-
tion begins within about 1 minute of administration of AC, but may not reach
equilibrium for 10-25 minutes.

The actual adsorption of a xenobiotic by activated charcoal relies on hy-
drogen bonding, ion—ion, dipole, and van der Waals forces, suggesting that
most xenobiotics are best adsorbed by activated charcoal in their dissolved,
nonionized form. Strongly ionized and dissociated salts, such as sodium chlo-
ride or potassium chloride, are not adsorbed, whereas nonionized or weakly
dissociated salts like iodine and mercuric chloride, respectively, are adsorbed.
Desorption (xenobiotic dissociation from activated charcoal) may occur, es-
pecially for weak acids, as the charcoal-xenobiotic complex passes from the
stomach through the intestine and as the pH changes from acidic to basic.

AC decreases the systemic absorption of most xenobiotics, including, acet-
aminophen, aspirin, barbiturates, cyclic antidepressants, glutethimide, pheny-
toin, theophylline, and most inorganic and organic materials. Notable xenobi-
otics not amenable to AC are the alcohols, strong acids and alkalis, iron,
lithium, magnesium, and potassium. Although the binding of AC to cyanide
is less than 4%, the toxic dose is small and 50 g of AC would theoretically be
able to bind more than 10 lethal doses of potassium cyanide.

The clinical efficacy of administered AC is also inversely related to the
time elapsed following ingestion of the substance to be adsorbed and depends
largely on the rate of absorption of the xenobiotic. For example, early admin-
istration is much more important with rapidly absorbed xenobiotics. In this
situation, AC functions to prevent the absorption of xenobiotic into the body
by achieving rapid adsorption in the GI tract. Once a xenobiotic is systemi-
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cally absorbed or parenterally administered, AC may still enhance elimina-
tion through a mechanism referred to as gastrointestinal or gut dialysis. This
is accomplished with multiple doses of AC and is discussed below.

INDICATIONS

AC should not be administered routinely to all overdosed patients. Single-
dose AC should be administered to patients only when a xenobiotic is still ex-
pected to be available for adsorption in the GI tract and the benefit of its use
outweighs the risk. Additionally, when the ingestion is known, the xenobiotic
must be adsorbed to AC.

CONTRAINDICATIONS

Contraindications to AC include potential GI perforation and the need for en-
doscopic visualization, as may be the case with caustic ingestion. It is imper-
ative that the patient’s airway be assessed prior to administration to reduce
the likelihood of aspiration pneumonitis. When the potential for airway com-
promise is substantial, oral AC should be withheld until a decision about air-
way protection is made. Other considerations that must be made prior to the
administration of AC are the determination of normal gastrointestinal motil-
ity, normal bowel sounds, and a normal abdominal examination without dis-
tension or signs of an acute abdomen. If bowel function is compromised, the
stomach should be decompressed to decrease the risk of subsequent vomiting
and aspiration prior to administration of AC.

DOSING AND ADMINISTRATION

The optimal dose of AC is unknown. However, most authorities recommend a
dose of AC of 1 g/kg body weight when the amount of xenobiotic is un-
known, or when known in a 10:1 ratio of AC to drug, up to an amount that is
safely administered. AC that is not premixed is best administered as a slurry
in a 1:8 ratio of AC to suitable liquid, such as water or cola. Using cold cola
may offer improved palatability without decreasing efficacy.

ADVERSE EFFECTS

The use of AC is relatively safe, although vomiting (especially after rapid ad-
ministration), constipation, and diarrhea frequently occur following its ad-
ministration. Constipation and diarrhea are more likely to result from the in-
gestion itself than from the AC. Serious adverse effects of AC include the
complications that may result from the pulmonary aspiration of AC with or
without gastric contents, peritonitis from spillage of AC into the peritoneum
from gastrointestinal perforation, and intestinal obstruction and pseudo-
obstruction, especially following repeated doses of AC in the presence of ei-
ther dehydration or prior bowel adhesions.

THE USE OF ACTIVATED CHARCOAL WITH CATHARTICS AND
WHOLE-BOWEL IRRIGATION

Cathartics are often used with AC, however the evidence suggests that the ef-
ficacy of AC alone is comparable to AC plus a single dose of cathartic (sorbi-
tol or magnesium citrate). If a cathartic is used, it should be used only once,
as repeated doses of magnesium-containing cathartics are associated with hy-
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permagnesemia, and repeated doses of any cathartic can be associated with
severe fluid and electrolyte disorders. Whole-bowel irrigation with PEG-ELS
may significantly decrease the in vitro and in vivo adsorptive capacity of AC,
depending on the individual xenobiotic and the formulation. The most likely
explanation is competition with the charcoal surface for solute adsorption.

MULTIPLE-DOSE ACTIVATED CHARCOAL

Multiple-dose activated charcoal (MDAC) has two mechanisms of action:
(a) to prevent the absorption of xenobiotics that are slowly absorbed from the
GI tract, and (b) to enhance the elimination of suitable xenobiotics that have
already been absorbed. MDAC decreases xenobiotic absorption when large
amounts of xenobiotics are ingested and dissolution is delayed (eg, masses,
bezoars), when drug formulations exhibit a delayed or prolonged release
phase (eg, enteric coated, sustained release), or when reabsorption can be
prevented (eg, enterohepatic circulation of either active xenobiotic, active
metabolites, or conjugated xenobiotic hydrolyzed by gut bacteria to active
xenobiotic).

Experimental Studies

Xenobiotics with the longest intrinsic plasma half-lives demonstrate the
greatest percent reduction in plasma half-life when MDAC is used. Addi-
tional factors may include volume of distribution, distribution half-life, and
protein binding. The benefits of MDAC undoubtedly depend on a number of
other patient variables and xenobiotic exposure characteristics.

Overdose Studies

The most compelling demonstration of the benefits of MDAC in the overdose
setting comes from a single study of patients with severe cardiac toxicity
caused by intentional overdose with yellow oleander seeds. An initial dose of
50 g of AC was administered to all patients who were then randomized to
50 g of AC every six hours for three days or placebo. There were statistically
fewer deaths and fewer life-threatening cardiac dysrhythmias in the MDAC

group.
Administration of MDAC

An initial loading dose of AC should be administered as described above. The
correct dose and interval for subsequent doses of AC is best tailored to the
amount and dosage form of the xenobiotic ingested, the severity of the over-
dose, the potential lethality of the xenobiotic, and the patient’s ability to toler-
ate AC. Benefit should always be weighed against risk. Reported doses of AC
for multiple dosing have varied considerably, ranging from 0.25-0.5 g/kg
body weight every one to six hours, to 20-60 g for adults every one, two,
four, or six hours. There is some evidence that the total dose administered
may be more important than the frequency of administration. We consider a
dose of 0.5 g/kg body weight every 2—4 hours for up to 12 hours to be an ap-
propriate regimen in most circumstances.



Whole-Bowel Irrigation and
Other Intestinal Evacuants

Whole-bowel irrigation (WBI) is the most effective process for evacuating
the intestinal tract in poisoned patients. This technique is typically accom-
plished utilizing polyethylene glycol 3350 (PEG) and an added electrolyte la-
vage solution (ELS).

MECHANISM OF ACTION

Polyethylene glycol is a nonabsorbable, isoosmotic indigestible xenobiotic. It
remains in the colon, and together with the water diluent, is evacuated, result-
ing in WBI without producing flatus and cramps. Electrolytes are added to
limit electrolyte and fluid shifts. Many studies of WBI using PEG-ELS dem-
onstrate patient acceptance, effectiveness, and safety when used for bowel
preparation.

GASTROINTESTINAL EVACUATION AND POISON MANAGEMENT

Cathartics should not be used routinely in the management of overdosed pa-
tients. Although theoretical advantages of cathartics are suggested from their
ability to decrease constipation, hasten the delivery of activated charcoal
(AC) to the small intestine, and propel unabsorbed xenobiotics out of the GI
tract, these advantages have never been demonstrated clinically. In fact, when
the efficacy of a single dose of AC alone is compared with that of AC plus a
single dose of cathartic, results are widely disparate.

In contrast, WBI with PEG-ELS is currently advocated to hasten the elimi-
nation of poorly absorbed xenobiotics or sustained-release medications be-
fore they can be absorbed. This approach is theoretically sound, and also
lacks the potential for the fluid and electrolyte complications associated with
cathartics. Unfortunately, evidence of efficacy is limited to anecdotal case re-
ports and volunteer studies.

There are reports of successful use of WBI in the management of over-
doses of iron, sustained-release theophylline, sustained-release verapamil,
zinc sulfate, lead, mercuric oxide powder, arsenic-containing herbicide, de-
layed-release fenfluramine, and for body packers.

ADVERSE EFFECTS OF WBI

Adverse effects resulting from the use of WBI with PEG-ELS include vomit-
ing, particularly following rapid administration, abdominal bloating, fullness,
cramping, flatulence, and pruritus ani. Slow or low-volume administration of
PEG-ELS may also result in sodium absorption.

CONTRAINDICATIONS

Contraindications to WBI include prior, current, or anticipated diarrhea; vol-
ume depleti