Inhalational exposures should be treated initially with fresh air or oxygen. The removal of liquids from body cavities such as the vagina or
rectum is best accomplished by irrigation. Solids (drug packets, pills)
should be removed manually, preferably under direct visualization.

Multiple-Dose Activated Charcoal Repetitive oral dosing with charcoal
can enhance the elimination of previously absorbed substances by
binding them within the gut as they are excreted in the bile, are
secreted by gastrointestinal cells, or passively diffuse into the gut
lumen (reverse absorption or enterocapillary exsorption). Doses of
0.5–1 g/kg of body weight every 2–4 h, adjusted downward to avoid
regurgitation in patients with decreased gastrointestinal motility,
are generally recommended. Pharmacokinetic efficacy approaches
that of hemodialysis for some agents (e.g., phenobarbital, theophylline). Multiple-dose therapy should be considered only for selected
agents (theophylline, phenobarbital, carbamazepine, dapsone,
quinine). Complications include intestinal obstruction, pseudoobstruction, and nonocclusive intestinal infarction in patients with
decreased gut motility. Because of electrolyte and fluid shifts,
sorbitol and other cathartics are absolutely contraindicated when
multiple doses of activated charcoal are administered.
Urinary Alkalinization Ion trapping via alteration of urine pH may
prevent the renal reabsorption of poisons that undergo excretion by glomerular filtration and active tubular secretion. Since
membranes are more permeable to non-ionized molecules than to
their ionized counterparts, acidic (low-pKa) poisons are ionized and
trapped in alkaline urine, whereas basic ones become ionized and
trapped in acid urine. Urinary alkalinization (producing a urine pH
≥7.5 and a urine output of 3–6 mL/kg of body weight per hour by
the addition of sodium bicarbonate to an IV solution) enhances the
excretion of chlorophenoxyacetic acid herbicides, chlorpropamide,
diflunisal, fluoride, methotrexate, phenobarbital, sulfonamides, and
salicylates. Contraindications include congestive heart failure, renal
failure, and cerebral edema. Acid-base, fluid, and electrolyte parameters should be monitored carefully. Although acid diuresis may
make theoretical sense for some overdoses (amphetamines), it is
never indicated and is potentially harmful.
Extracorporeal Removal Hemodialysis, charcoal or resin hemoperfusion, hemofiltration, plasmapheresis, and exchange transfusion are
capable of removing any toxin from the bloodstream. Agents most
amenable to enhanced elimination by dialysis have low molecular
mass (<500 Da), high water solubility, low protein binding, small
volumes of distribution (<1 L/kg of body weight), prolonged elimination (long half-life), and high dialysis clearance relative to totalbody clearance. Molecular weight, water solubility, and protein
binding do not limit the efficacy of the other forms of extracorporeal
removal.
Dialysis should be considered in cases of severe poisoning due to
carbamazepine, ethylene glycol, isopropyl alcohol, lithium, methanol, theophylline, salicylates, and valproate. Although hemoperfusion may be more effective in removing some of these poisons, it
does not correct associated acid-base and electrolyte abnormalities, and most hospitals no longer have hemoperfusion cartridges
readily available. Fortunately, recent advances in hemodialysis
technology make it as effective as hemoperfusion for removing
poisons such as caffeine, carbamazepine, and theophylline. Both
techniques require central venous access and systemic anticoagulation and may result in transient hypotension. Hemoperfusion
may also cause hemolysis, hypocalcemia, and thrombocytopenia.

Other Techniques The elimination of heavy metals can be enhanced
by chelation, and the removal of carbon monoxide can be accelerated by hyperbaric oxygenation.
ADMINISTRATION OF ANTIDOTES
Antidotes counteract the effects of poisons by neutralizing them
(e.g., antibody-antigen reactions, chelation, chemical binding) or by
antagonizing their physiologic effects (e.g., activation of opposing
nervous system activity, provision of a competitive metabolic or
receptor substrate). Poisons or conditions with specific antidotes
include acetaminophen, anticholinergic agents, anticoagulants,
benzodiazepines, beta blockers, calcium channel blockers, carbon monoxide, cardiac glycosides, cholinergic agents, cyanide,
drug-induced dystonic reactions, ethylene glycol, fluoride, heavy
metals, hypoglycemic agents, isoniazid, membrane-active agents,
methemoglobinemia, opioids, sympathomimetics, and a variety of
envenomations. Intravenous lipid emulsion has been shown to be
a successful antidote for poisoning from various anesthetics and
membrane-active agents (e.g., cyclic antidepressants), but the exact
mechanism of benefit is still under investigation. Antidotes can significantly reduce morbidity and mortality rates but are potentially
toxic if used for inappropriate reasons. Since their safe use requires
correct identification of a specific poisoning or syndrome, details of
antidotal therapy are discussed with the conditions for which they
are indicated (Table 473e-4).
PREVENTION OF REEXPOSURE
Poisoning is a preventable illness. Unfortunately, some adults
and children are poison-prone, and recurrences are common.
Unintentional polypharmacy poisoning has become especially
common among adults with developmental delays, among the
growing population of geriatric patients who are prescribed a large
number of medications, and among adolescents and young adults
experimenting with pharmaceuticals for recreational euphoria.
Adults with unintentional exposures should be instructed regarding the safe use of medications and chemicals (according to
labeling instructions). Confused patients may need assistance
with the administration of their medications. Errors in dosing by
health care providers may require educational efforts. Patients
should be advised to avoid circumstances that result in chemical
exposure or poisoning. Appropriate agencies and health departments should be notified in cases of environmental or workplace
exposure. The best approach to young children and patients with
intentional overdose (deliberate self-harm or attempted suicide)
is to limit their access to poisons. In households where children
live or visit, alcoholic beverages, medications, household products
(automotive, cleaning, fuel, pet-care, and toiletry products), inedible plants, and vitamins should be kept out of reach or in locked
or child-proof cabinets. Depressed or psychotic patients should
undergo psychiatric assessment, disposition, and follow-up. They
should be given prescriptions for a limited supply of drugs with a
limited number of refills and should be monitored for compliance
and response to therapy.
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ENHANCEMENT OF POISON ELIMINATION
Although the elimination of most poisons can be accelerated by
therapeutic interventions, the pharmacokinetic efficacy (removal of
drug at a rate greater than that accomplished by intrinsic elimination) and clinical benefit (shortened duration of toxicity or improved
outcome) of such interventions are often more theoretical than
proven. Accordingly, the decision to use such measures should be
based on the actual or predicted toxicity and the potential efficacy,
cost, and risks of therapy.

Peritoneal dialysis and exchange transfusion are less effective but
may be used when other procedures are unavailable, contraindicated, or technically difficult (e.g., in infants). Exchange transfusion
may be indicated in the treatment of severe arsine- or sodium
chlorate–induced hemolysis, methemoglobinemia, and sulfhemoglobinemia. Although hemofiltration can enhance elimination of
aminoglycosides, vancomycin, and metal-chelate complexes, the
roles of hemofiltration and plasmapheresis in the treatment of poisoning are not yet defined.
Candidates for extracorporeal removal therapies include patients
with severe toxicity whose condition deteriorates despite aggressive supportive therapy; those with potentially prolonged, irreversible, or fatal toxicity; those with dangerous blood levels of toxins;
those who lack the capacity for self-detoxification because of liver or
renal failure; and those with a serious underlying illness or complication that will adversely affect recovery.

