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GENERAL MANAGEMENT OF POISONED PATIENTS: INTRODUCTION

It is generally accepted that, given a large enough exposure, all chemicals have the potential to be poisons. Inadvertent

exposures to chemical substances have to fulfill specific criteria in order to be considered "nontoxic" (Table 156-1). Once

fulfilled, these patients can be managed with only a brief observation period prior to discharge.

Table 156-1 Criteria for Nontoxic Ingestions

Only one substance is involved in the exposure.

The substance must be absolutely identified.

The substance's product label must not contain any consumer product safety commission signal words indicating a
potential hazard of toxicity.

The exposure must have been unintentional.

The route of exposure must be known.

An approximate amount of the substance involved in the exposure must be known.

The exposed individual must be free of symptoms for the extent of the observation period.

Follow-up consultation must be easily available or a responsible parent or guardian must be present.

Note: All of the listed criteria must be fulfilled in order for an ingestion to be classified as nontoxic.

Source: Adapted from Mofenson HC, Grensher J, Caraccio TR: Ingestions considered nontoxic. Emerg Med Clin North Am
2:159, 1984, and Mofenson HC, Grensher J: The nontoxic ingestion. Pediatr Clin North Am 17:583, 1970.

A poisoning occurs when exposure to a substance adversely affects the function of any system within an organism. The

setting of the poison exposure may be occupational, environmental, recreational, or medicinal. A poisoning may result

from varied portals of entry, including inhalation, insufflation, ingestion, cutaneous and mucous membrane exposure, and

injection. Historically most poisonings have occurred when substances are tasted or swallowed. Toxins may be airborne in

the form of gas or vapors or in a suspension such as dust. Caustics, vesicants, or irritants may directly affect the skin, or

a toxin may pass transdermally and affect internal structures. Parenteral exposure is also common through intravenous or

subcutaneous injection of medications or drugs of abuse.

A poison may affect the normal activity of an organism in a variety of ways. It may inhibit or alter cellular function,

change organ function, or may change uptake or transport of substances into, out of, or within the organism. The toxin

may prevent the organism from obtaining or utilizing essential substrates from the environment.

In 2000, there were more than 2 million toxic exposures reported to poison centers in the United States, just over half of

which involved children younger than 6 years old.1 Some authors currently list poisoning as the third leading cause of

death in the United States, and between 1985 and 1995, the incidence of toxin-related deaths is said to have increased

approximately 300 percent. Although many of these exposures were referred to as "accidents," most were preventable.

School counselors, primary care physicians, and emergency physicians can educate families about poisonings, potentially

poisonous substances, and techniques for protecting children from their environment. Nonfood (potentially harmful) items

should not be stored in food areas, and toxins should not be stored in empty food containers. Hospitals and pharmacies

must work together to recognize potential drug interactions, ensure patient identification, and develop procedures to
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check proper dosing, warning labels, and packaging on products with potential toxicity.

Poison centers are an integral part of the management of potentially exposed patients. These centers are typically staffed

with specialists trained in the management of poisoned patients, who have extensive reference material at their disposal.

Poison centers have immediate access to medical toxicologists if more extensive evaluation is required. Routine

consultation in cases where toxic exposure is suspected can help focus diagnosis and treatment and may reduce costs and

unnecessary hospitalizations.

RESUSCITATION

Diagnosis and resuscitation proceed simultaneously. The first priorities are always the ABCs (airway, breathing, and

circulation). Once the airway and respiratory status is secured, abnormalities of blood pressure, pulse, rectal temperature,

oxygen saturation and hypoglycemia must be corrected. Although the proper use of antidotes (Table 156-2) is essential in

the treatment of poisoned patients, only in very rare incidences (such as cyanide poisoning) would the administration of

an antidote take precedence over completing the primary evaluation and normal attempts to stabilize the ABCs.

Table 156-2 Common Antidotes: Doses and Indications

 DOSE  

Antidote Pediatrics Adult Poison

N-acetylcysteine 140 mg/kg PO load, followed by 70 mg/kg PO
q4h for 18 total doses

Acetaminophen

Activated charcoal 1 g/kg PO Most ingested poisons

Antivenom Fab 4–6 vials IV initially over 1 h may be
repeated. 2 vials every 6 h for 18 h

Envenomation by Crotalidae

Calcium gluconate
10% (9 mg/mL
elemental calcium)

0.6–0.8 mL/kg IV 10–30 mL IV Hypermagnesemia, hypocalcemia (ethylene
glycol, hydrofluoric acid), calcium channel
antagonists, black widow spider venom)

Calcium chloride
10% (27.2 mg/mL
elemental calcium)

0.2–0.25 mL/kg IV 10 mL IV

Cyanide antidote kit
 

  Amyl nitrate Not typically used 1 ampule in oxygen
chamber of ambu-bag
30 s on/30 s off

Cyanide poisoning

  [dx id=""]Sodium
nitrite[/dx]

0.33 mL/kg IV (3%
solution)

10 mL (3% solution) Hydrogen sulfide (use only sodium nitrate)

  Thiosulfate Thiosulfate: 1.65
mL/kg IV

Thiosulfate: 12.5 g IV  

Deferoxamine 90 mg/kg IM (1 g
max) or 15 mg/kg
per h IV (1 g max)

2 g IM or 15 mg/kg
per h (6–8 g/d max)

Iron

Dextrose 1 g/kg IV Hypoglycemia

Digoxin Fab
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  Acute 10–20 vials IV Digoxin and cardiac glycosides

  Chronic 1–2 vials IV 3–6 vials IV

Ethanol    

  10% for IV
administration

10 mL/kg over 30 min, then 1.5 mL/h* Ethylene glycol, methanol

Folic
acid/leucovorin

1–2 mg/kg q 4–6h IV Methanol, methotrexate (only leucovorin)

Fomepizole 15 mg/kg IV, then 10 mg/kg q12h Methanol, ethylene glycol, disulfiram

Glucagon 50 g/kg 1–10 mg IV Calcium channel blocker, -blocker

Methylene blue 1–2 mg/kg

Neonates: 0.3–1
mg/kg

1–2 mg/kg Oxidizing chemicals (e.g., nitrites, benzocaine,
sulfonamides)

Octreotide 1 g/kg q6h SC 50–100 g SC q6h Refractory hypoglycemia after oral hypoglycemic
agent ingestion

Naloxone As much as is needed.

Typical starting dose 0.4 mg–10 mg IV

Opioid, clonidine

Physostigmine 0.02 mg/kg IV 1–2 mg IV Anticholinergic substances (not tricyclic
antidepressants)

Pralidoxime (2-PAM) 20–40 mg/kg IV 1–2 g IV Cholinergic substances

Protamine 1 mg neutralizes 100 U of administered
heparin; administered over 15 min

Heparin

0.6 mg/kg 25–50 mg IV: empiric

Pyridoxine Gram for gram ingestion if amount of
isoniazid is known

Isoniazid, Gyromitra esculenta, rocket fuel

70 mg/kg IV 5 g IV

Sodium bicarbonate 1–2 mEq/kg IV bolus followed by 2 mEq/kg
per h

Sodium channel blockers, alkalinization of urine or
serum

Thiamine 100 mg IV Ethylene glycol, Wernicke syndrome, "wet" beri-
beri

Vitamin K1 2–5 mg/d PO 25–50 mg TID Anticoagulants

Whole-bowel
irrigation

0.5 L/h PO 1.5–2 L/h PO Multiple indications

*This is an approximation. Dose should be titrated to level (see Chap. 166).

Patients may be unresponsive or have an altered mental status for many reasons. Four possible etiologies (hypoxia, opioid

intoxication, hypoglycemia, and Wernicke's encephalopathy) are readily treated by the administration of specific antidotes.
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Within the first few minutes after the patient's arrival, the administration of empiric antidotes (the "coma cocktail"),

including supplemental oxygen, naloxone, 50 mL D50W for adults and 1 g/kg glucose for children, and 100 mg thiamine in

adults should be considered after taking into account the medical history, vital signs, and laboratory data immediately

available. These treatments are simple, inexpensive, and generally without undue risk of an adverse reaction when used

appropriately.

In unresponsive children thiamine is generally not administered empirically. However, 1 g/kg of glucose (2 mL/kg of

D50W for adults, 4 mL/kg of D25W or 10 mL/kg of D10W for children) is often administered when serum glucose cannot

be rapidly ascertained or hypoglycemia is confirmed. Naloxone (0.01 mg/kg titrated to effect) may be given, particularly in

older children where unintentional or intentional opioid exposure cannot be excluded. Intentional poisoning of children as a

form of child abuse does occur.

The suggestion that the administration of thiamine should precede the administration of D50W to prevent the

precipitation of acute Wernicke's encephalopathy is unfounded. 2 The most important management issue with

both D50W and thiamine is that both should be given in a timely manner in the emergency department so that these

often occult diagnoses are added to the differential diagnosis and are treated promptly.

Although opioid intoxication often presents with the classic triad of central nervous system (CNS) depression, miosis, and

respiratory depression, only respiratory status is useful as an indicator of a patient response to naloxone.3 Many toxins,

though, produce miosis or CNS depression, and some opioids classically leave pupil size unaltered, making these findings

less useful in isolation.

Naloxone, administered in a dose of 0.1 to 2.0 mg IV in adults and children is a competitive opioid antagonist that can be

administered IV or IM, and is appropriate to use for a hypoventilating but nonintubated, opioid-intoxicated patient.

Extremity restraints for the patient should be considered before administering the drug. Naloxone may completely reverse

the symptoms observed, restoring effective ventilations and mental status for 20 to 60 min, so patients should be

observed for 2 to 3 h afterward. The risks include the precipitation of an acute opioid withdrawal syndrome. Although

acute withdrawal is never life-threatening in adults, vomiting from withdrawal can result in aspiration. Thus, the reflexive

administration of large doses of naloxone should be discouraged. Patients who become resedated may require additional

naloxone doses administered either in intermittent boluses or via a continuous infusion. The latter is achieved by the

administration of two-thirds the dose of the naloxone that fully aroused the patient in the initial bolus, but infused over an

hour with the dose adjusted to the patient's ventilatory status.

EMERGENCY DEPARTMENT DIAGNOSIS

History

As much detailed information as possible must be obtained about the exposure. Ask about the number of exposed

persons, the type of exposure, amount or dose, and route of exposure. In addition, the patient's intent must be

determined. Underlying motivation, potential for secondary gain, and perceived risk of arrest all may affect the history

elicited from the patient. Corroborating information should be obtained from the patient's private physician, witnesses, or

emergency medical technicians. Ask about the environment in which the patient was found, empty pill bottles or

containers nearby, smells or unusual materials in the home, the occupation or hobbies of the patient, or the presence of a

suicide note.

Toxicologic Physical Examination

Undress the patient completely for a comprehensive physical examination. Check the patient's clothing for objects still

retained in the pockets or substances hidden on the patient's body (waistbands, groin, or between skin folds). Care must

be taken when searching belongings, particularly pockets, because health care providers have been stuck by uncapped

needles or lacerated by sharp objects.

Assess the general appearance of the patient. The presence of agitation, confusion, or obtundation should be noted.

Examine the skin for cyanosis or flushing, excessive diaphoresis or dryness, signs of injury or injection, ulcers, or bullae.

Bruising may be a clue for trauma, duration of unconsciousness, or coagulopathy. Examine the eyes for pupil size,

reactivity, nystagmus, dysconjugate gaze, or excessive lacrimation. Hypersalivation or excessive dryness should be noted

upon examination of the oropharynx. The chest examination should include careful evaluation of the lungs to assess for
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bronchorrhea, or wheezing, and the heart must be assessed for its rhythm, rate, and regularity. Bowel sounds, urinary

retention, and abdominal tenderness or rigidity must also be noted. The extremities must be evaluated for tremor or

fasciculation. Cranial nerves, reflexes, resting muscle tone, coordination, cognition, and the ability to ambulate all must be

assessed.

Toxidromes

Toxidromes are grouped, physiologically based abnormalities of vital signs, general appearance, skin, eyes, mucous

membranes, lungs, heart, abdomen, and neurologic examination that are known to occur with specific classes of

substances and typically are helpful in establishing a diagnosis when the exposure is not well defined (Table 156-3).

Similarly, certain clinical findings may help narrow the etiologic possibilities (Tables 156-4 and 156-5).

Table 156-3 Toxidromes

Toxidrome Representative
Agent(s)

Most Common Findings Additional Signs
and Symptoms

Potential Interventions

Opioid Heroin

Morphine

CNS depression, miosis,
respiratory depression

Hypothermia,
bradycardia.
Death may result
from respiratory
arrest, acute lung
injury

Ventilation or naloxone

Sympathomimetic Cocaine

Amphetamine

Psychomotor agitation,
mydriasis, diaphoresis,
tachycardia, hypertension,
hyperthermia

Seizures,
rhabdomyolysis,
myocardial
infarction

Death may result
from seizures,
cardiac arrest,
hyperthermia

Cooling, sedation with
benzodiazepines, hydration

Cholinergic Organophosphate
insecticides

Carbamate insecticides

Salivation, lacrimation,
diaphoresis, nausea,
vomiting, urination,
defecation, muscle
fasciculations, weakness,
bronchorrhea

Bradycardia,
miosis/mydriasis,
seizures,
respiratory
failure, paralysis

Death may result
from respiratory
arrest from
paralysis,
bronchorrhea, or
seizures

Airway protection and
ventilation, atropine,
pralidoxime

Anticholinergic Scopolamine

Atropine

Altered mental status,
mydriasis, dry/flushed skin,
urinary retention, decreased
bowel sounds, hyperthermia,
dry mucous membranes

Seizures,
dysrhythmias,
rhabdomyolysis

Death may result
from
hyperthermia and
dysrhythmias

Physostigmine (if
appropriate), sedation with
benzodiazepines, cooling,
supportive management

Salicylates Aspirin

Oil of wintergreen

Altered mental status,
respiratory alkalosis,
metabolic acidosis, tinnitus,

Low-grade fever,
ketonuria

MDAC, alkalinization of the
urine with potassium
repletion, hemodialysis,
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hyperpnea, tachycardia,
diaphoresis, nausea,
vomiting

Death may result
from acute lung
injury

hydration

Hypoglycemia Sulfonylureas

Insulin

Altered mental status,
diaphoresis, tachycardia,
hypertension

Paralysis, slurring
of speech, bizarre
behavior, seizures

Death may result
from seizures,
altered behavior

Glucose containing solution
intravenously, and oral
feedings if able, frequent
capillary blood for glucose
measurement, octreotide

Serotonin
syndrome

Meperidine or
dextromethorphan and
MAOI; SSRI and TCA;
SSRI/TCA/MAOI and
amphetamines; SSRI
alone

Altered mental status,
increased muscle tone,
hyperreflexia, hyperthermia

Intermittent
whole-body
tremor

Death may result
from
hyperthermia

Cooling, sedation with
benzodiazepines, supportive
management, theoretical
benefit—cyproheptadine

Abbreviations: CNS = central nervous system; MDAC = multidose activated charcoal; MAOI = monoamine oxidase
inhibitor; SSRI = selective serotonin reuptake inhibitor; TCA = tricyclic antidepressant.

Table 156-4 Agents That May Alter Presenting Signs or Symptoms*

Drugs Seizures Change in Blood
Pressure

Change in
Ventilation

Change in Heart
Rate

Temperature
Change

Alcohol withdrawal

Amphetamines

Anticholinergic

Baclofen

Caffeine

Camphor

Cocaine

Gyrometria exculenta
(mushroom)

Isoniazid

Lithium

Methaqualone

Serotonin syndrome

Theophylline

Tricyclic antidepressants

-Blockers
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Calcium-channel blockers

Clonidine

Ethanol

[dx
id=""]Phenothiazines[/dx]

Opioids

Organophosphates

Meprobamate

Monoamine oxidase inhibitor
overdose

Phencyclidine

Sedative hypnotic withdrawal

Phenylpropanolamine

Barbiturates

Ethchlorvynol

Glutethamide

Salicylates

Nicotine

Hydrocarbons

Toxic alcohols

Iron

*Listed are the most common or most classically seen with the agent.

Table 156-5 Odors and Skin Findings

ODORS

Almonds Cyanide

Eggs Hydrogen sulfide, mercaptans

Fish Zinc sulfide

Garlic Organic phosphorus compounds

Freshly mown hay Phosgene
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Geraniums Lewisite

Swimming pool Chlorine gas

Mothballs Camphor, naphthalene, P-dichlorobenzene

Violets Turpentine

Wintergreen Methyl salicylate

Peanuts Vacor

SKIN FINDINGS

Cyanosis Anything causing deoxyhemoglobin or methemoglobin

Yellowing of skin Excessive consumption of vegetables containing carotene (e.g., carrots, squash), local coloration
from cigarettes, dinitrophenol, picric acid

Flushing Anticholinergic medications, scombroid, ethanol in patients aldehyde dehydrogenase deficient, rectal
foreign body, disulfiram, niacin, nitrates

Gray Metallic silver or gold

Eschar formation Radioactive material, anthrax, brown recluse spider venom

Bullae Barbiturates, chemotherapeutic agents

Red skin Vancomycin, carbon monoxide, boric acid

Transverse lines
across nails

Sign of major systemic insult (e.g., arsenic, chemotherapy)

Toxicologic Screen

In the acute care setting, the utility of toxicologic screening tests of blood and/or urine in many circumstances is very

limited, and does not contribute significantly to the evaluation, management or outcome of patients. Most toxicology

screens are enzyme-multiplied immunoassay tests (EMITs), which are used to evaluate the presence of markers for

commonly available substances including marijuana, opioids, cocaine, amphetamines, tricyclic antidepressants (TCAs),

barbiturates, and benzodiazepines. Interpretation of test results often leads to confusion.

Positive results may occur with many substances because they persist in body fluids for days to weeks, depending on the

chronicity of use. Thus, "falsely" positive results may not be related to the acute symptoms. Furthermore, positive results

may occur from substances that cross-react with the assay (e.g., chlorpromazine, propranolol, pseudoephedrine, and

selegiline for amphetamines; chlorpromazine, cyclobenzaprine, thioridazine, diphenhydramine, and cyproheptadine for

TCAs). Negative results may be due to sampling error (e.g., very dilute urine after hydration) or from assay specificity

(e.g., opioid screens do not detect methadone and meperidine; amphetamine screens do not detect MDMA;

benzodiazepine screens do not detect rohypnol).

Patients may require emergent interventions before the tests return. Often basic supportive measures alone can

successfully manage many commonly encountered ingestions or intoxications. The diagnosis of less frequently

encountered exposures is usually dependent upon specialized testing that is not obtainable in a timely manner.

Toxicologic screens may have a place in the evaluation of children. The unexpected return of a positive result for a

controlled or illegal substance should prompt further evaluation of the child's home environment and may require hospital

admission for the child's protection. If the test result is replicated with a confirmatory study, authorities must be notified.
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GENERAL DECONTAMINATION

The general approach to most toxic exposures involves the removal of the patient from the substance and the substance

from the patient. Toxins outside the body must be washed away. Toxins within the body must be either bound within the

gut lumen to make them unavailable for absorption or have their elimination enhanced from the gut, the blood, or the

tissues.

Gross Decontamination

Decontamination is generally achieved by undressing patients completely and washing them thoroughly with copious

amounts of water. Patients requiring assistance should be attended to by properly gowned staff in an isolated area. The

towels used to dry patients and patient clothing, shoes, socks, watches, and jewelry should be handled as hazardous

waste. Gross decontamination should occur prior to the patient's entry into the ED or other areas in the hospital. In mass

casualty exposures, this will typically occur at a staging area adjacent to the ED (see Chap. 6).

Eyes

Ocular exposures should be treated immediately by copious irrigation (usually 2 L) with NS. Ophthalmic anesthetic such as

0.5% tetracaine may be necessary to relieve blepharospasm. Lid retractors may be required for adequate irrigation.

Alkalies require specific considerations. Unlike acids which can be washed off, alkalies penetrate deep into tissues. Lengthy

continuous irrigation (possibly 1 or even 2 h) may be required, until the tears in the conjunctival sac have stabilized at

<8.0. The pH of normal tears is slightly acidic. The pH of NS solution is 5.6. Equilibration of 10 min or longer may be

required for accurate pH determination. Ophthalmologic consultation is recommended.

Gastrointestinal Decontamination

Each of the methods used to decontaminate the gastrointestinal (GI) tract have potential benefits and risks that must be

considered prior to their use. The three general methods of decontamination involve removal of the toxin from the

stomach via the mouth, binding it inside the gut lumen, or mechanically flushing it through the GI tract. The toxin

ingested, the time course, the patient's clinical status, and the skills of the physician at the bedside determine the choice

of method(s) used. GI decontamination must never be initiated as a punitive action.

GASTRIC EMPTYING

Emesis

Emesis can be achieved by administration of syrup of ipecac. Syrup of ipecac is a plant-derived compound composed of

two alkaloidal substances—emetine and cephaeline—that work both peripherally on the stomach and centrally on the

chemotactic trigger zone to induce vomiting. Dosing of syrup of ipecac is 15 mL for children 1 to 12 years of age, and 30

mL for adults, usually followed by sips of water. The dose may repeated only once if vomiting does not occur within 30

min. Approximately 90 percent of patients vomit within 20 min after the first dose, and up to 97 percent vomit after a

second dose. A typical patient vomits less than three to five times, and symptoms usually resolve within 2 h.

The ingested toxin should be suspected as the etiology if protracted vomiting occurs. Contraindications to the

administration of syrup of ipecac include ingestions that have the potential to alter mental status; active or prior vomiting;

caustic ingestion; a toxin with more pulmonary than GI toxicity (e.g., hydrocarbons); and ingestions of toxins that have

the potential for inducing seizures. Rare complications of syrup of ipecac include aspiration, Boerhaave syndrome, Mallory-

Weiss tear, and intractable vomiting.

Indications for in-hospital use of syrup of ipecac are extremely limited. Most patients reach the hospital beyond the time

frame when the toxin would still be expected to remain in the stomach, because either the toxin has been absorbed or

has passed through the pylorus. Also, even when syrup of ipecac is given with activated charcoal less than 60 min after

ingestion, it has not been demonstrated to alter outcome when compared to treatment with activated charcoal and a

cathartic alone. Ipecac's administration also delays the time to administration of oral antidotes such as N-acetylcysteine by

1 to 6.5 h.

Possible rare hospital indications for its use include very recent ingestions of substances not expected to compromise the

airway or lead to altered mental status, hemodynamic derangement, or seizure; a recent ingestion of a pill that is known

not to fit into the holes of the appropriately sized orogastric tube; or a substance known not to adsorb to activated
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charcoal (see the following sections).

Although debated by many authors, syrup of ipecac may still be indicated, especially when it can be given in the home

immediately after an ingestion of a known toxin that does not have the previously listed contraindications while it still is

expected to be in the stomach. This may be especially true in remote locations where transport times to definitive health

care may be prolonged.

Orogastric Lavage

The principal method of gastric emptying in the emergency department is orogastric lavage, which is performed with the

patient lying in the left lateral decubitus position. A 36- to 40-French tube is used for adults and a 22- to 24-French tube

for children. The tube is inserted after careful measurement of the length from the chin to the xiphoid process. Correct

positioning must be assessed by insufflation of air to ensure accurate placement in the stomach. Lavage with room-

temperature water is commonly continued until the effluent becomes clear. Before the tube is removed, activated charcoal

should be instilled in a dose of 1 g/kg, if indicated. The contraindications to lavage include pills that are known not to fit

into the holes of the orogastric lavage hose, nontoxic ingestions, non-life-threatening ingestions, caustic ingestions, any

patient whose airway integrity is not assured, or toxic ingestions that are more damaging to the lungs than to the GI

tract. Complications include insertion of the tube into the trachea, aspiration, esophageal or gastric perforation, decreased

oxygenation during the procedure,4 and inability to withdraw the tube once inserted (knot formation).

Although the perceived benefits of orogastric lavage are the immediate return of small pills or pill fragments, and a

reduction in the amount of substance available for further intoxication, studies typically demonstrate drug removal ranging

from only 35 to 56 percent. Of three large studies that evaluated the clinical efficacy of orogastric lavage,5,6 only two

showed any benefit from the procedure, and only if it was initiated in patients within 1 h of the ingestion. Indications for

this procedure are generally limited to recent ingestion of a life-threatening toxin that requires ventilatory support because

of depressed mental status, or risk of seizures.

TOXIN ADSORPTION IN THE GUT

Activated Charcoal

The most appropriate agent to decontaminate the GI tract is activated charcoal, which is produced by pyrolysis of

carbonaceous materials and "activation" by steam cleaning to increase its surface area. Activated charcoal works by

adsorbing the toxin within the gut lumen, making the toxin less available for absorption into the tissues. It also enhances

elimination by establishing a free-drug concentration gradient favoring movement into the GI lumen to enhance

elimination ("GI dialysis"),7 and it can also bind substances excreted in the bile, interrupting enterohepatic circulation.

The benefits of this technique include its capability to decontaminate the gut without requiring invasive procedures, its

rapid administration, and its proven safety in both adults and children.

Activated charcoal is typically given in a slurry of water or juice by mouth or through a nasogastric tube, in an activated

charcoal-drug dose of 10:1 (thought to be the smallest dose of activated charcoal that can be given without reducing its

efficacy)8 or in 1 g/kg, whichever is larger. In adults, the first dose of activated charcoal is often given with a cathartic to

reduce GI transit time. Sorbitol and magnesium citrate solution are the most commonly used cathartics (see "Cathartics"

below).

Activated charcoal should not be given if esophageal or gastric perforation are suspected, or if emergency endoscopy

might be needed (as in caustic ingestion). Complications that are exceedingly rare, include aspiration and intraluminal

impaction in patients with abnormal gut motility. Clear indications for administration of activated charcoal are ingestion of

any drug known to adsorb to it or after an unknown ingestion by patients with protected airways. There is no indication

for activated charcoal in isolated ingestion of substances known not to adsorb to activated charcoal (such as iron, lithium,

or lead).

Multiple-Dose Activated Charcoal

One dose of activated charcoal is usually sufficient to achieve a therapeutic effect. Multiple-dose activated charcoal,

however, is indicated in specific instances, such as after ingestion of very large doses; substances that form bezoars in the

GI tract; potentially injurious toxins that slow gut function; toxins that are released slowly into the gut lumen; and those
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with enterohepatic, enteroenteric circulation. Multiple-dose activated charcoal is usually given as follows: the first dose is

up to 1 g/kg body weight, which is then followed by subsequent doses of 0.25 to 0.50 g/kg. Repeated doses of activated

charcoal should be given in intervals ranging from 1 to 4 h. Although intubated patients having ingested life-threatening

toxins who have decreased gut motility can receive multiple doses, the stomach must be suctioned just prior to the

administration of the next dose of activated charcoal to minimize gastric distention.

To prevent excessive fluid loss and electrolyte imbalance, only the first dose of activated charcoal should be given with a

cathartic, and only if the toxin itself is not expected to cause diarrhea.

Multiple-dose activated charcoal is contraindicated in patients with non-life-threatening ingestions that result in decreased

gut motility, because of increased risks of aspiration from gastric distention, and impaction of charcoal within the gut.

Cathartics

Often, activated charcoal is administered with an osmotic cathartic, such as 70% sorbitol (1 g/kg), or a 10% solution of

magnesium citrate (in a dose of 250 mL for adults and 4 mL/kg for children). Cathartics have been repeatedly shown to

decrease the transit time for the passage of the activated charcoal (and presumably the adsorbed toxin) through the GI

tract.9,10 Although most studies fail to show a benefit of administering a cathartic alone,11,12 several studies suggest that

there is a decrease in peak serum plasma concentrations and area under the curve, when the cathartic is administered

with activated charcoal.12–14 No definitive clinical human data, however, suggest that the addition of a cathartic to a dose

of activated charcoal either limits the toxin's bioavailability or changes the patient's clinical outcome.

Indications for use of cathartics generally mirror those for the administration of activated charcoal. When multiple-dose

activated charcoal is used, only the first dose is accompanied by a cathartic, to limit complications. Complications of

cathartic administration include nausea and abdominal pain, severe volume depletion, electrolyte imbalances and fluid

shifts, and hypermagnesemia in patients with renal compromise.

Contraindications for cathartic use are: ingestion of a substance that will result in diarrhea; children younger than age 5;

patients with renal failure (magnesium-containing cathartics are contraindicated); intestinal obstruction; or ingestion of

any caustic material.

Whole-Bowel Irrigation

Whole-bowel irrigation is the installation of large volumes of polyethylene glycol in an osmotically balanced electrolyte

solution that causes neither fluid nor electrolyte shifts. This technique is accomplished in adults by the installation of 2 L/h

polyethylene glycol solution either by mouth or through a nasogastric tube. In children, the volume administered is 50 to

250 mL/kg per h or as much polyethylene glycol solution as can be tolerated. The end point is clear rectal effluent. When

done properly, this technique produces a rapid catharsis by mechanically forcing ingested substances through the bowel at

a rapid rate.

Contraindications include: patients with preceding diarrhea; ingestions that are expected to result in significant diarrhea

(except for heavy metals, as these substances do not adsorb well to activated charcoal); and patients with absent bowel

sounds or with obstruction. Complications include bloating, cramping, and rectal irritation from frequent bowel

movements. Close nursing care is needed to maintain patient cleanliness.

Controlled studies clearly demonstrating improvement in clinical outcome after this procedure are lacking, but many

authors describe limited symptomatology following potentially toxic doses of substances known not to adsorb to activated

charcoal.15 Table 156-6 lists common indications for whole-bowel irrigation.

Table 156-6 Conditions in Which Whole-Bowel Irrigation May Be Helpful

Heavy metals

Body packers

Iron

Lithium
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Sustained or delayed release formulations

Potential for bezoar formation

Frequently, an antiemetic is required to prevent the nausea and vomiting that results from gastric distention with large

volumes of whole-bowel irrigation solution. Care must be taken to avoid phenothiazine derived antiemetics that may slow

gut function. Generally, either metoclopramide or ondansetron are used for this purpose.

ENHANCED ELIMINATION

Alkalinization

Urinary alkalinization is beneficial in the treatment of certain ingestions. The urinary pH is manipulated to exploit

physiologic properties of specific toxins. Only nonionized substances are free to move passively across membranes.

Ionized particles must remain in the fluid-filled compartments in which they were formed. Weak acids are mostly

uncharged at physiologic pH, but become charged in alkaline environments. After intravenous administration, bicarbonate

becomes concentrated in the urine resulting in significant elevation of urinary pH (if the patient has a normal serum

potassium). By significantly raising the urinary pH with intravenous sodium bicarbonate, toxins that are weak acids are

converted from their nonionized form to their ionized form and are therefore held within the urinary collection system.

This "ion trapping" keeps the toxin within the renal tubules, thereby enhancing its excretion out of the body in the urine.

This creates an imbalance in the concentration gradient of the toxin between the blood and the urinary collection system,

drawing more toxin into the renal tubular lumen. The ideal toxin that can be eliminated by this technique is one with

substantial urinary excretion and with a pKa less than the serum pH (Table 156-7).

Table 156-7 Modalities That May Enhance Elimination for Certain Substances

Drugs Agents Where Urinary Alkalinization is
Commonly Considered

Agents Where Hemodialysis is Commonly
Considered

2-4-D (herbicide)

Phenobarbital

Chlorpropamide

Salicylates

Methanol

Ethylene glycol

Lithium

Theophylline*

Amanita
(mushrooms)*

*Indicates also removed by hemoperfusion.

Urinary alkalinization is typically achieved by the administration of an intravenous bolus of 1 to 2 mEq/kg sodium

bicarbonate, followed by either intermittent boluses of sodium bicarbonate or a continuous intravenous infusion to achieve

a urinary pH of 7.5 to 8.0. Serum pH should not be allowed to rise above 7.5 to 7.55. Pronounced hypokalemia may result

from this technique and must be corrected aggressively. Hypokalemia induces the kidneys to reabsorb potassium and

excrete hydrogen ions, inhibiting the production of alkaline urine. This may result in relatively acidic urine when compared

to the serum pH.
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The benefit of urinary alkalinization is a decrease in toxin serum half-life from increased urinary excretion. The risks

include volume overload (congestive heart failure, pulmonary edema), pH shifts, and hypokalemia. Therefore,

contraindications to this procedure include patients who cannot tolerate the volume or sodium load, are hypokalemic, have

renal insufficiency, and ingestion of a toxin that does not respond to alkalinization.

Acidification of Urine

Acidification of urine can somewhat enhance elimination of amphetamines, phencyclidine, and some other drugs.

However, the risks, particularly in relation to rhabdomyolysis, far outweigh any benefits.

Forced Diuresis

Forced diuresis has never been shown to be effective for any ingestion. Given the potential of harm, this technique should

not be used.

Hemodialysis/Hemoperfusion

Hemodialysis is generally reserved for specific toxins that must be both potentially life-threatening and amenable to

removal by this method (see Table 156-7). The benefits include the ability to remove toxins that are already absorbed

from the gut lumen, removal of substances that do not adhere to activated charcoal, and the ability to remove both the

parent compound and the active toxic metabolites. Hemodialysis is much less effective when the toxin ingested has a

large volume of distribution (>1 L/kg), has a large molecular weight (more than 500 Da), or is highly protein bound.

Hemodialysis is rarely absolutely contraindicated, but relative contraindications include hemodynamic instability, very

small children, and patients with poor vascular access or profound bleeding diatheses. Risks of hemodialysis are typically

minimal in experienced centers, but they include large fluid shifts, electrolyte imbalances, infection and bleeding at the

catheter site, and intracranial hemorrhage. Exchange transfusion should be considered in small children who cannot

receive hemodialysis because of technical limitations.

Hemoperfusion, which is also used for decontamination of a patient's systemic circulation, involves placing a filter filled

with activated charcoal into the circuit of the hemodialysis machine. This filtration alleviates the constraints of protein

binding and molecular size, both of which limit the utility of hemodialysis. Toxins that can be removed by this method

must adsorb well to activated charcoal and have a small volume of distribution. While potentially useful for phenobarbital,

phenytoin, and ethchlorvynol, in practice, it is only commonly recommended for theophylline overdoses.
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