Assessment and @) s
Management of

Toxidromes in the Critical Care
Unit

J.J. Rasimas, M, php, FaPm™*, Courtney M. Sinclair, a®

KEYWORDS

® Toxidrome ® Delirium ® Antidote ® Physostigmine ® Flumazenil ® Naloxone
® Psychosomatic

KEY POINTS

e In cases of suspected toxidrome exposure, whether it be purposeful, accidental, or iatro-
genic, toxidromic presentation that is consistent with the history and physical examination
should guide the judicious use of antidotes.

e Although surveys of available agents in the environment (e.g., home, hospital ward) can be
useful aids to the diagnostic process, the patient’s vital signs and physical examination
are the best guides to medical intervention.

e The focus of treatment always should be the patient and the patient’s symptoms, not the
toxin or the assays that may or may not identify it.

Good supportive care with prioritized attention to emergent physiologic needs is the
cornerstone of management; detailed assessment and reassessment with synthesis of
data over time is essential to this process.

Pharmacologic interventions should be targeted to underlying toxic pathophysiology
whenever possible with attention to not exacerbating delirium and minimizing its severity
and duration.

INTRODUCTION

Psychiatrists must be concerned about toxic states, primarily because poisoned pa-
tients often have made choices that led to the exposure and its consequences, and
those choices have mental health determinants and implications. But consulting psy-
chiatrists may play a broader role in the critical care management of patients affected
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by medications and other substances that goes far beyond psychiatric assessment
and disposition planning after recovery from overdose. Toxic delirium abounds in
the intensive care unit (ICU), where care interventions have as much or more to do
with patients’ neuropsychological functioning and experiences there as the critical ill-
nesses they suffer.’2 Although psychiatric education offers some expertise in clinical
pharmacology to inform differential diagnostic considerations of medication and sub-
stance toxicity, formal medical toxicology training for psychiatrists is rare.®

The most important diagnostic factor in uncovering a toxic etiology is the clinician’s
openness to the possibility of its existence. Therefore, a consulting psychiatrist,
already prepared to perform the detail-oriented work of sorting out behavioral mani-
festations of disease, can be a vital asset at the bedside if also attuned to the role
of purposeful, accidental, and iatrogenic exposures in the ICU. This article summa-
rizes the presentation, evaluation, and treatment of toxidromes relevant to the work
of acute psychosomatic medicine.

GENERAL APPROACH

Because the brain is the organ most commonly affected by acute poisoning, any pa-
tient whose behavior, level of consciousness, or established neuropsychiatric baseline
are disturbed should prompt concerns about toxicity.* From the standpoint of central
nervous system (CNS) function and diagnosis by the Diagnostic and Statistical Manual
of Mental Disorders, the presence of delirium is therefore a major reason to suspect a
toxic etiology. It is not only the symptomatic management of delirial states that defines
much of consultation-liaison (C-L) psychiatry in the hospital setting, but also the med-
ical detective work necessary to ascertain the possible causes of the syndrome.

Often, substance-related toxicity is not considered because of patients’ purposeful
deception or impairments in communication due to age, language barriers, underlying
CNS ailment, or manifestations of the toxic exposure, itself. Physicians also are disinclined
tolook toward their owninterventions as a primary cause for harm, thus further diminishing
their attunement to toxic states induced by iatrogeny. Even in medical inpatients with
many comorbid conditions that can affect brain function, adverse effects of the drugs
used to treat those illnesses are likely to be the most common cause of delirium.® Toxicity
from medications or other substances should be considered in patients who acutely
develop seizures, coma, respiratory distress, shock, arrhythmias, metabolic acidosis, se-
vere vomiting and diarrhea, or other puzzling multisystem disorders without known etiol-
ogy.® The possibility even needs to be considered of substances being brought into the
hospital and ingested by patients after an episode of care has commenced.

A detailed review of the history and medical record is essential to make sense of the
time-course of evolution of a toxic or withdrawal state. Special attention should be
paid to the first set of vital signs and physical examination documented, ideally before
any medical interventions have been performed that would alter the phenomenology
of the presenting problem. Data from emergency medical personnel can be particu-
larly informative. The timing of significant changes in autonomic status, peripheral re-
flexes, behavior, and cognition also should be noted, with reference to medications
given. Then, any subsequent shifts in patterns of autonomic indices and behavior dur-
ing the hospital course should open the possibility of a new toxic process mediated by
either the treatment process itself or withdrawal from discontinued substances.

Certain constellations of signs and symptoms, commonly called toxidromes, may
suggest poisoning by a specific class of compounds (Table 1). The findings represent
direct physiologic manifestations of the pharmacology of the agents in question, thus
providing objective clinical data about the status of the patient and what has been
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Table 1
Toxidromes

Drug Class (Examples)

Clinical Manifestations

Anticholinergics (atropine, antihistamines,
scopolamine, antispasmodics, tricyclic
antidepressants, phenothiazines,
antiparkinsonian agents, Jimson weed,
psychedelic mushrooms)

Agitation, hallucinations, abnormal
movements (eg, carphology), tachycardia,
mydriasis, dry membranes, hyperthermia,
decreased bowel sounds, urinary
retention, flushed/dry skin

Cholinergics (organophosphates, carbamate
insecticides, cholinesterase inhibitors)

Hypersalivation, lacrimation, urinary/fecal
incontinence, gastrointestinal cramping,
emesis (SLUDGE), bradycardia, diaphoresis,
miosis, pulmonary edema, weakness,
paralysis, muscle fasciculations

Opioids (oxycodone, hydrocodone,
hydromorphone, fentanyl, morphine,
propoxyphene, codeine, heroin)

Central nervous system (CNS) depression,
respiratory compromise, miosis,
bradycardia, hypotension, hypothermia,
pulmonary edema, hyporeflexia, seizures

Sedative/Hypnotics (benzodiazepines,
nonbenzodiazepine GABA agonists,
barbiturates, ethanol, chloral hydrate,
ethchlorvynol, meprobamate)

CNS depression, hyporeflexia, slow
respirations, hypothermia, hypotension,
and bradycardia (mild)

Sympathomimetics (psychostimulants,
amphetamines, pseudoephedrine,
phenylephrine, ephedrine, cocaine)

Hypertension, tachycardia, arrhythmias,
agitation, paranoia, hallucinations,
mydriasis, nausea, vomiting, abdominal
pain, piloerection

Neuroleptics (chlorpromazine,
promethazine, prochlorperazine,
fluphenazine, perphenazine, haloperidol,
olanzapine, quetiapine)

Hypotension, arrhythmias, oculogyric crisis,
trismus, dystonia, ataxia, parkinsonism,
neuroleptic malignant syndrome,
anticholinergic manifestations (some)

Serotonergics (selective serotonin reuptake
inhibitors, tricyclic antidepressants,
monoamine oxidase inhibitors, buspirone,
tramadol, fentanyl, synthetic stimulants,
dextromethorphan)

Akathisia, tremor, agitation, hyperthermia,
hypertension, diaphoresis, hyperreflexia,
clonus, lower extremity muscular
hypertonicity, diarrhea

ingested. Recognition of such patterns can be informative, but clinical pictures are not
always so obvious. Polydrug overdoses may result in overlapping and confusing
mixed syndromes. Pharmacokinetic drug compartmentalization also is a factor, with
peripheral manifestations not always matching up with those reflecting toxicity in
the CNS. Nevertheless, recognizing the dominant features of particular classes of
pharmacologic toxicities can be a vital diagnostic and therapeutic starting point to
psychosomatic consultation in the ICU.

TOXIDROMES

The toxic syndromes most frequently encountered in the emergency and ICU setting are
detailed in the following sections. The causes vary, with anticholinergic toxicity, sedative
toxicity, and serotonin syndrome being common after suicidal overdose, cholinergic and
opioid toxicity often being accidental or secondary to a recreational drug misadventure,
and almost any syndrome potentially resulting from iatrogenic interventions. The
most commonly used antidotes for these conditions, and for other toxic states not dis-
cussed in detail, are provided as a reference for the ICU psychiatristin Table 2. Their spe-
cific indications are discussed under each toxidrome subsection below.
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Table 2
Emergency antidotes

Toxin

Antidote

Dosing

Acetaminophen

N-acetylcysteine (NAC)

IV or PO/NG: 140 mg/kg over 1 h, then 70 mg/kg over 1 h q4h x 5 doses; then reassess
toxin clearance, PT/INR, and transaminases.?

Anesthetics (local) and some
cardiotoxins

Lipid emulsion

IV: 1 ml/kg bolus of a 20% solution followed by 0.25 mL/kg per min infusion to
maintain cardiovascular stability.”

Anticholinergics

Physostigmine

IV: 2 mg over 4 min in adolescents and adults, may repeat q1-2h prn; 20 pg/kg (1 mg
maximum) in children, may repeat g1-2h prn.

Benzodiazepines and Flumazenil IV: 0.5 mg over 30 s in adults, Consider lower doses in children; may use
non-benzodiazepine hypnotics 0.005-0.01 mg/kg at 0.2 mg/min rate in children; may repeat q30-60 min prn.
B-Adrenergic blockers Glucagon® 1IV: 50 pg/kg over 1-2 min up to 10 mg maximum followed by hourly infusion of half to
full initial dose.
Calcium channel blockers Calcium IV: 1-2 g calcium (10% CaCl, solution) over 5 min in adults; 20-30 mg/kg per dose in
children (may repeat).
Insulin© IV: 0.5-1 U/kg bolus followed by 0.5-1 U/kg per h continuous infusion.
Glucose IV: 25 g (as 50 mL of DsoW) in adults; 0.5 g/kg (as D,sW) in children (to maintain

euglycemia in patients treated with insulin).

Cyanide, hydrogen sulfide

Sodium nitrite
Sodium thiosulfate
Hydroxocobalamin (preferred)

1V: 300 mg over 2-5 min in adults; 0.2 mL/kg over 2-5 min in children.
IV: 12.5 g bolus in adults; 0.5 g/kg bolus (maximum 12.5 g) in children.
1V: 70 mg/kg over 15 min.

Digitalis glycosides

Digoxin immune Fab

IV: 10-20 vials over 30 min for acute empiric dosing, otherwise based on serum
digoxin concentration if known.

Ethylene glycol, methanol

Fomepizole (preferred)

Ethanol

IV: 15 mg/kg over 30 min, then 10 mg/kg q12h x 4 doses, then 15 mg/kg q12h as
needed until nontoxic.

IV: 10 ml/kg of 10% vol/vol solution, then 1.5 mL/kg per h continuous infusion until
nontoxic; double rate during dialysis.

Iron

Deferoxamine

IV: start 5 mg/kg per h continuous infusion and titrate to 15 mg/kg per h as tolerated,
total daily dose 6-8 g.

Isoniazid, hydrazine, and
monomethylhydrazine

Pyridoxine

IV: 5 g in adults; 1 g in children.

ves
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Lead

Dimercaprol (BAL)

CaNa, EDTA
Succimer (DMSA)

IM: 75 mg/m? g4h, first dose to precede edetate calcium disodium (CaNa, EDTA).
Contraindicated if peanut allergic.

IV: 1500 mg/m?/d by continuous infusion.

PO: 10 mg/kg q8h for 5 d, then 12 h for 14 d in adults; 350 mg/m? in children (same
course).

Methemoglobin-forming
oxidants

Methylene blue

IV: 1-2 mg/kg over 5 min with 30 mL fluid flush, may repeat 1 mg/kg once.

Methotrexate

Folinic acid (leucovorin)

IV: 100 mg/m? over 15-30 min q3-6h for several days with absence/resolution of bone
marrow toxicity.

Neuroleptics

Bromocriptine

PO: 5 mg q12h increasing to effect, as high as 10 mg g6h.

carbamates

Pralidoxime (2-PAM)

Dantrolene 1IV: 3-10 mg/kg over 15 min with oral doses of 25-600 mg/d to maintain response.
Opioids and centrally acting a2 Naloxone IV: Start 0.05 mg with repeat dosing every 15 s to reversal of respiratory depression
agonists (eg, clonidine, and/or unconsciousness; once achieved, repeat the same total dose q1h prn. Higher
guanfacine, tizanidine) doses (1-2 mg or more) may be useful in a2-adrenergic agonist toxicity.’
Organophosphates and Atropine IV: 1-2 mg doubled every 3-5 min until bronchorrhea resolves in adults; 0.03 mg/kg in

children, similar titration.
IV: 1-2 g over 30 min, then up to 500 mg/h in adults; 25-50 mg/kg over 30-60 min,
then 10-20 mg/kg per h in children.?

Snakebite (rattlesnake,
copperhead, cottonmouth)

Crotalidae Polyvalent
Immune Fab

IV: 4 vials typical minimum first dose in normal saline. Scheduled and prn regimens are
effective going forward.

Sulfonylureas

Octreotide

SC: 50 pg g6-12h in adults, 1.25 pg/kg (max 50 pg) g6h in children.

Tricyclic antidepressants (and
related compounds with sodium
channel blocking properties)

Sodium bicarbonate

IV: 50 mEq per dose to address acidemia and/or ECG signs of sodium channel
blockade. For an isotonic solution to continue alkaline fluid resuscitation, mix 150
mEq NaHCOj3 (typically 3 ampules) and 40 mEq KCl in 1 L DsW. Goal serum pH
7.5-7.55.

Valproic acid

L-Carnitine

Clinically ill: IV: 100 mg/kg (max 6 g) over 30 min, then 15 mg/kg g4h.
Clinically well: PO: 100 mg/kg per d (max 3 g) divided q6h.

Abbreviations: DsW, a solution of 5% dextrose in water; D,sW, a solution of 25% dextrose in water; DsoW, a solution of 50% dextrose in water; ECG, electrocardio-

gram; IM, intramuscular; INR, international normalized ratio; IV, intravenous; PO, by mouth; NG, nasogastric; prn, as needed; g, every; SC, subcutaneous.

2 This is one of many N-acetylcysteine regimens in use in the United States. The best regimen to use in different clinical situations remains under investigation.

® Intravenous lipid emulsion has been used in patients critically ill from a variety of different toxins using varying regimens.

¢ Glucagon is still used as a diagnostic aid in beta-blocker poisoning, but has largely been supplanted by other agents, including high-dose insulin, for ongoing

treatment.

9 Use of pralidoxime in carbamate poisoning is controversial, as there is some concern for worsening muscular weakness.
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Anticholinergics

The anticholinergic syndrome occurs frequently because many common medications
and other xenobiotics have anticholinergic properties. From sleep aids to muscle re-
laxants to antipsychotics, almost any medicinal compound whose generic moniker
ends in “-pine,” “-zine,” or “-amine” has the potential to disrupt cholinergic function
in the CNS with resulting delirium. Polypharmacy is a major concern, particularly in
the elderly, as a number of commonly used drugs not typically classified as anticho-
linergics do have the potential to interfere with this critically important neurotrans-
mitter.® Cholinergic activity is the primary mediator of attention, concentration,
memory, reasoning, planning, and, to a large extent, communicating and understand-
ing through language. Antimuscarinic toxicity in the CNS causes delirium, frequently
accompanied by mumbling speech and carphology, aimless “picking” movements
of the fingers. Psychomotor activity is generally of high frequency and low amplitude
when patients are awake. Vivid visual hallucinosis of living creatures occurs. Deep
tendon reflexes are often hyperdynamic, with a few beats of inducible clonus not un-
common. Other peripheral effects also are observed, but because most anticholiner-
gics are lipophilic, the impact on brain function may be much more evident than effects
on other organ systems. Inhibition of secretory functions of the integument can yield
dry mouth, flushed skin, and impaired heat dissipation, so undressing behavior in a
state of confused discomfort is common.® Suppression of cholinergic inhibition of
heart rate may produce tachycardia. Unopposed sympathetic drive of the ciliary appa-
ratus produces pupillary dilation. Cholinergic function also is required for normal peri-
stalsis and bladder emptying, so this syndrome may be accompanied by fecal and
urinary retention, as well. The duration of CNS effects typically exceeds that of periph-
eral symptoms® due to the chemical preference of the toxins for fatty tissues and their
slow diffusion back out of the central compartment once they have accumulated
there.

Most patients recover with removal of offending agents and supportive therapy, but
delirium may last for days after an acute overdose of anticholinergics, and consider-
ably longer if medications that contribute to the problem continue to be administered.
Physostigmine may be a useful diagnostic tool and may serve as an efficacious anti-
dote to rapidly target the cause of delirium. This tertiary amine readily crosses the
blood-brain barrier and makes more acetylcholine available for neuronal function via
reversible inhibition of cholinesterase within approximately 15 minutes of an intrave-
nous (IV) dose. However, the antidote is relatively short-acting, with a plasma cholin-
esterase inhibition half-life of less than 90 minutes.!’ Therefore, even though its
lipophilicity may prolong restorative effects in the CNS, repeat dosing of physostig-
mine is typically necessary in the setting of severe anticholinergic toxicity.

Physostigmine is indicated in patients with anticholinergic delirium caused by a va-
riety of compounds from prescription medications to botanic hallucinogens (eg, Jim-
son Weed) (Box 1). Primarily on the basis of 2 case reports of asystole,'? its use has
been curtailed in the setting of a possible tricyclic antidepressant (TCA) overdose or
possible polysubstance toxicity. However, more than 3 decades of extensive clinical
experience since then have documented its safety and utility in anticholinergic states
induced by medications that affect cardiac conduction.’'* The largest study to date
(nearly 1200 patients, many with polydrug overdoses) found no induced arrhythmias
and a low incidence of precipitated seizures with proper weight-based dosing:
0.05 mg/kg IV at a rate not to exceed 0.5 mg/min, with doses no more frequent
than hourly.'® Patients were confused and/or sedate, not profusely diaphoretic, and
potentially exposed to an anticholinergic agent; no other contraindications were
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Box 1
Antimuscarinic compounds for which physostigmine is antidotal

“Pure” anticholinergics
Atropine
Scopolamine
Hyoscyamine

Cyclic antidepressants
Doxepin
Amitriptyline
Nortriptyline
Imipramine
Clomipramine
Desipramine
Protriptyline
Amoxapine
Maprotiline

Antiparkinson agents
Benztropine
Trihexyphenidyl
Biperiden

Antispasmodics
Dicyclomine
Oxybutynin
Tolterodine
Propantheline
Clidinium

Muscle Relaxants
Baclofen
Carisoprodol
Cyclobenzaprine
Orphenadrine
Glutethimide

Antihistamines
Hydroxyzine
Diphenhydramine
Doxylamine
Pyrilamine
Chlorpheniramine
Brompheniramine
Clemastine

Antiemetics
Promethazine
Prochlorperazine
Meclizine
Dimenhydrinate

Antipsychotics
Quetiapine
Olanzapine
Clozapine
Asenapine
Loxapine
Chlorpromazine
Fluphenazine
Trifluoperazine
Perphenazine
Thioridazine
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Mesoridazine
Thiothixene

Botanicals?®
Jimson weed (Datura stramonium)
Angel’s trumpet (Brugmansia spp)
Deadly nightshade (Atropa belladonna)
Mandrakes (Bryonia alba and Mandragora spp)
Henbane (Hyoscyamus niger)
Bittersweet (Celastrus scandens)
Lupins (Lupinus spp)
Fly agaric (Amanita muscaria)

2 Potentially beneficial for central nervous system manifestations of exposure to all plants in
the family Solanaceae.

imposed. In this study, more than 80% of patients had a positive response to antidotal
treatment, and no serious adverse effects were observed. More than 300 patients
were poisoned with TCAs, and roughly 95% of those individuals benefited from physo-
stigmine. Side effects may include enuresis, stooling, nausea, and vomiting; they are
transient, but keeping the head of a patient’s bed elevated is advised. A baseline elec-
trocardiogram (ECG) is recommended, and if terminal right axis deviation is present
(indicated by elevation of the R-wave in lead aVR) or frank widening of the QRS com-
plex is observed, then pretreatment with an IV dose of lorazepam is recommended
right before a test dose of physostigmine to prevent seizures.'® Bradyarrhythmias
are rare, but cardiac monitoring is suggested by some toxicologists,” and required
by many hospital pharmacy policies.

Cholinergics

The cholinergic syndrome is uncommon, but important to recognize because life-
saving treatment is available. Cholinergic toxicity produces a patient who presents
“wet,” as opposed to the anticholinergic syndrome, which often causes the patient
to be “dry.” The wetness is manifest by profuse sweating and excessive activity of
the exocrine system, often accompanied by vomiting, diarrhea, and urinary inconti-
nence. The mnemonic “SLUDGE” highlights specific elements of the syndrome: sali-
vation, /acrimation, urination, defecation, gastrointestinal cramping, and emesis. The
CNS (eg, confusion, seizures, coma) and skeletal muscles (eg, weakness, fascicula-
tions, hyporeflexia) also can be involved, so the neuropsychiatric examination is
important in diagnosis. Cholinergic excess is frequently caused by accidental organ-
ophosphate or carbamate pesticide exposure, which may occur through dermal
contamination.’® Such commercial/industrial agents and cholinesterase inhibitors
used therapeutically for dementia can be used in suicide attempts, as well. Cholinergic
effects also are the cause of toxicity from “nerve gases” like sarin and from mistaken
ingestion of Clitocybe and Inocybe mushrooms. A not uncommon scenario of milder
toxicity (but presenting with delirium) is accidental self-poisoning by a patient with de-
mentia who takes repeat doses of a cognitive-enhancing drug due to forgetfulness
about medication adherence.'® It is also possible to develop toxic cholinergic
“rebound” after abrupt cessation of excessive misuse of medications with anticholin-
ergic properties (eg, diphenhydramine, quetiapine).?° Mild forms of the toxidrome can
be managed with discontinuation of offending agents and/or resumption of tapering
doses of the overused anticholinergic drug, with supportive care. Recognition of crit-
ical illness should prompt the use of atropine (or perhaps glycopyrrolate if CNS
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manifestations are not significant) and, in some cases of severe toxicity, the cholines-
terase regenerator pralidoxime.?"

Sedative/Hypnotics

When administered in sufficient dosage, sedative/hypnotics cause general anesthesia
with diminished reflex activity and a complete loss of awareness. Sedation can be pro-
found, but it is rare that benzodiazepine toxicity, alone, results in significant respiratory
depression. Barbiturates, however, are sufficiently potent to produce shock and res-
piratory failure. “Pure” GABA-ergic toxidromes can sometimes be distinguished on
the basis of history, lethargy or coma, relatively preserved pulmonary function, and
the absence of constricted pupils (see Table 1). Patients also can be confused and
disinhibited by benzodiazepines such that they display intermittent agitation, despite
the CNS depression typically produced by these agents. This phenomenon, along with
prolongation of delirial and comatose states, is a major iatrogenic complication of care
in the ICU setting. Continuous infusions of midazolam remain common practice,??
even though interrupted regimens have been associated with decreased sedative
use, lower rates of delirium, fewer complications, and shorter lengths of stay; and
thus appear in the most current practice guidelines for critical care.?® Even intermittent
use of benzodiazepines can yield neuropsychiatric complications with the potential to
contribute to long-term sequelae, so recognition of and definitive treatment for seda-
tive toxicity is critical.

When offending toxins operate at the benzodiazepine-binding site of the GABA-A
receptor complex, reversal of this syndrome can be accomplished with the admin-
istration of flumazenil. It should not, however, be used in the setting of active toxicity
from agents that are highly proarrhythmic or proconvulsant, because adverse
events can result.?* With careful attention to neurologic status and autonomic
indices, physical examination can identify patients (non-hyperreflexic, without
tachycardia or significant hypertension) who can safely receive a potentially thera-
peutic test dose of flumazenil. If individual IV doses are kept low (0.2-0.5 mg) and
delivered over 30 seconds, the incidence of arrhythmias and seizures, even in pa-
tients who take benzodiazepines chronically, is negligible.?®> A state of anxiety
may emerge from the reversal of stupor,® but supportive psychological presence
is all that is required to manage such a side effect from the antidote.?®> Withdrawal
is possible, but because such an outcome cannot be predicted and the effects will
be transient, a low dose of flumazenil can be used safely®” as an initial alternative to
the standard practice, relatively lacking in an evidence base, of scheduling a pro-
tracted taper of benzodiazepines for all patients who have been sedated for
extended periods in the ICU.?%28 Therapeutic effects include facilitation of extuba-
tion, restoration of wakefulness and cognition, and relief of disinhibition with the
result that patients can advance to calm participation in their own care. Flumazenil
is short-acting; multiple doses may be necessary to maintain the effect, so after
initial benefit is achieved, repeating 0.5-mg doses every hour as needed is
recommended.?®

Although their mechanisms of action differ somewhat from benzodiazepines, the
toxic effects of nonbenzodiazepine sedatives (eg, zolpidem, zaleplon, and zopiclone)
will respond to flumazenil. Flumazenil will not reverse either the effects of barbiturates
or those of other sedatives that work via distinct mechanisms like ion channel modu-
lation. Although not a specific antidote, as it is in the setting of benzodiazepine toxicity,
flumazenil has been used with benefit in some cases of muscle relaxant overdose.?®
See Box 2 for a list of toxins for which flumazenil may be antidotal. The suggestion
of increased central GABA activity in the pathophysiology of hepatic encephalopathy
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Box 2
Sedating compounds for which Flumazenil is antidotal

Benzodiazepines
Lorazepam
Oxazepam
Temazepam
Clorazepate
Alprazolam
Clonazepam
Diazepam
Triazolam
Estazolam
Midazolam
Chlordiazepoxide
Meprobamate
Flunitrazepam

Muscle relaxants
Carisoprodol (Meprobamate)®
Metaxalone
Chlorzoxazone
Methocarbamol

Nonbenzodiazepines

Imidazopyridines
Zolpidem

Pyrazolopyrimidines
Zaleplon

Cyclopyrrolones
Zopiclone
Eszopiclone

Botanicals
Uncaria hook (Uncaria macrophylla)
Yokukansan (Uncaria rhynchophylla)

@ Meprobamate is a metabolite of carisoprodol with benzodiazepinelike GABA-ergic activity.
The parent compound has anticholinergic activity and barbituratelike GABA-ergic activity.

and some limited clinical success indicate that flumazenil also may help to treat the
neuropsychiatric complications of liver failure.*°

Opioids

Toxicity from opioids progresses from analgesia to anesthetic CNS depression, coma,
and death. Respiratory depression is particularly pronounced with opioid overdose,
and the tidal volume or respiratory rate can be diminished before decreases in blood
pressure or pulse occur. Sympatholysis is profound, and central to the toxidrome that
leads to morbid and mortal outcomes with greater frequency than any other class of
compounds.®! Patients will have minimal respiratory drive and quickly develop man-
ifestations of shock. Miosis also is characteristic and, in pure opioid toxicity, a fairly
reliable finding.%? A patient “found down” after several hours following opioid exposure
will frequently have laboratory and imaging results consist with hypoxic and hypovo-
lemic injury to multiple organ systems, including kidneys, liver, lungs, heart, skeletal
muscle, and CNS. Damage to the latter is of greatest concern, as such injuries can
leave patients who survive profoundly impaired and dependent on a high level of
care indefinitely. In cases in which 4 or 5 days have passed since exposure, and
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patients continue to display neurologic impairments in the absence of other obvious
causes, MRI of the brain typically reveals hyperintensities on diffusion-weighted imag-
ing (DWI) in watershed areas in patients with anoxic injury.>® Injury patterns may vary,
but involvement of perirolandic areas or even more diffuse DWI and T2 fluid-
attenuated inversion recovery abnormalities typically indicate more severe CNS dam-
age.®* Although some patients, particularly those who are younger, can make remark-
able recoveries despite strikingly abnormal MRI findings, imaging still can be helpful
for assessment and initial treatment planning after the acute phase of toxicity has
been addressed.

Patients with opioid toxicity require high-level critical care with aggressive fluid
resuscitation and vasopressor support, especially if there is any significant delay in
coming to treatment. Noncardiogenic pulmonary edema with progression to acute
respiratory distress syndrome is common. Rhabdomyolysis combined with hypoten-
sive renal damage can result in a need for hemodialysis, sometimes for weeks.
Compartment syndrome can produce massive elevations in serum creatine kinase
levels; this laboratory test abnormality will lag the time of damage by 8 hours or
more, so it is important to perform a detailed physical examination of all major muscle
groups at time of presentation after any significant “down time” to identify areas of
vascular compromise. Areas of skin reddening or blistering, sometimes called "barbi-
turate burns” can mark areas of prolonged pressure injury from time spent in deep
coma.®3%6

The diagnosis of opioid overdose is often confirmed using naloxone or nalmefene in
adequate doses that reverse the toxidrome.3” These mu receptor antagonists reliably
reverse coma and respiratory depression if used shortly after an opioid overdose.
Depending on the clinical scenario, lack of response is essentially diagnostic of
another etiology for obtundation; in a patient with multisystem injury from opioid
toxicity (see above), however, it is an ominous sign of prolonged CNS anoxia.
Naloxone has an elimination half-life of approximately 1 hour, whereas that of nalme-
fene is more than 10 hours, thus making the latter antidote potentially useful in the
case of opioid toxicity from a long-acting drug (eg, methadone).*® In most patients,
naloxone is the preferred agent, because a shorter-acting antidote allows for more
careful titration of toxidrome reversal without precipitation of withdrawal. Medical tox-
icologists recommend assisted ventilation while preparing a low dose of 0.05 mg and
then titrating upward every 15 seconds or so until an adequate response is achieved.>®
As soon as spontaneous respirations and calm wakefulness are restored, noting the
total dose required is useful, because then the same naloxone dose can be repeated
every 30 to 60 minutes as needed. Higher doses increase the likelihood of agitated
withdrawal without added benefit to neurologic or respiratory status, especially in
chronic users of opioids. Most opioids will require 0.4 mg or less of naloxone for
adequate reversal. Exceptions include pentazocine®® and buprenorphine,*' partial ag-
onists of mu receptors that have high binding affinity. The same may be true of some
synthetic novel abusable opioids,*? but an upward titration of antidote is still important
to avoid dangerous withdrawal. Ongoing monitoring after antidote administration is vi-
tal, because cardiopulmonary symptoms are not reversed as durably as CNS depres-
sion, and life-threatening symptoms can recur.

Sympathomimetics

The sympathomimetic syndrome is usually seen after acute or chronic abuse of
cocaine, amphetamines, or decongestants, the latter of which are often ingested in
combination over-the-counter products. Pseudoephedrine and phenylephrine are
the most common. Both are alpha-adrenergic agonists, with the former carrying
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some beta-stimulatory activity as well.**> Ephedrine has nonspecific adrenergic ef-
fects, and is found in herbal preparations used recreationally to enhance energy, or
as adjuncts to fitness regimens.***> Cathinones and related designer drugs of abuse
also produce this toxidrome.*® Ketamine, with its potential to increase the presynaptic
release of catecholamines,*’ also can exacerbate sympathomimesis.

Blood pressure is elevated, the pulse is rapid, pupils are typically dilated, and piloer-
ection may be seen. Mild toxicity rarely leads to cardiac complications, but large over-
doses of sympathomimetic agents can produce hypertensive crisis, intracranial
hemorrhage, arrhythmias, cardiovascular compromise, and shock. Seizures occur,
and the postictal state can contribute to alterations in mental status. Some com-
pounds (eg, cocaine) cause seizures and arrhythmias due to their ability to interact
with neuronal and cardiac sodium channels,*® so sodium bicarbonate infusions are
essential in the critical care of severely poisoned patients. Otherwise, no specific an-
tidotes exist. Symptomatic management and supportive care are required. Benzodi-
azepines serve as the cornerstone of acute treatment because they attenuate
catecholamine release, alleviate hypertension, prevent seizures, and provide helpful
sedation.*® Beta-blockers tend to be used with caution, because they can leave
alpha-adrenergic stimulation unopposed. Vasodilators, such as hydralazine, nitro-
prusside, or phentolamine, are typically preferred for treatment of severe hypertension
that does not respond quickly to benzodiazepines. There has been some recent
consideration of the alpha-2 adrenergic agonist dexmedetomidine to manage these
cases by targeting the underlying pathophysiology of the toxidrome®’; if used, doses
should be kept in the range of high alpha-2 specificity (<0.5 png/kg per hour) to avoid
exacerbating hypertension via peripheral alpha-1 agonism.®" Transition to clonidine or
guanfacine may have a role after initial stability is achieved.

Patients may be agitated and even psychotic with manic symptoms and/or paranoid
delusions.®?=5* The simple pharmacology and easy administration of haloperidol may
make this agent preferable in the ICU management of these cases when an adjunct to
benzodiazepines is needed. Psychiatric sequelae from some sympathomimetic toxins
can linger long after physical symptoms have resolved, demanding attention to acute
mental health care needs with subsequent abstinence and, sometimes, ongoing treat-
ment with antipsychotic medications.®? Atypical neuroleptics may be preferable once
the critical iliness period has passed, because they can have a more beneficial impact
on mood, treat punding, and avoid movement side effects to which some patients may
be more prone on account of their stimulant misuse.®®> As a general principle, it is
important to appreciate that the clinical picture overlaps with serotonin syndrome,
as these compounds have multiple mechanisms by which they enhance catechol-
amine activity.

Serotonergics

Serotonergic agents cause critical illness in various clinical scenarios, including sui-
cidal overdoses, unintentional combined polypharmacy, and drug abuse misadven-
tures involving cocaine, designer psychedelic stimulants, and dextromethorphan.
The latter is a synthetic analog of codeine that is frequently abused by adolescents,*®
and is occasionally used alone or coingested with other compounds in suicide at-
tempts. Its desirable and harmful effects are mediated by glutamatergic modulation
and a collection of proserotonergic actions, including inhibition of serotonin reuptake
mechanisms, direct serotonin receptor agonism, and even serotonin release.®”°®
Because most cases of serotonin syndrome can be traced to pharmacologic condi-
tions in which more than 1 mechanism of serotonin enhancement is engaged,®® it is
not surprising that dextromethorphan alone can cause severe toxicity. As most
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recreational drugs capable of producing euphoria or hallucinosis operate via serotonin
release or direct agonism, abusing such a drug in the context of treatment with anti-
depressants is a common etiologic combination.®® Bupropion, although not often
classified as a robustly serotonergic drug,®' produces a toxic overdose picture in
which patients invariably meet clinical criteria for serotonin syndrome® and can be
exceptionally sick.®®

The serotonin toxic picture is one characterized by neuromuscular excess, hyper-
thermia, and altered mental status. Hyperactive delirium with high-amplitude psycho-
motor unrest of variable frequency is observed. Classic signs of lower extremity
muscle rigidity, hyperreflexia, and especially robust ankle clonus help to distinguish
this toxidrome from anticholinergic poisoning (see Table 1). Muscle breakdown
from hypertonicity, severe agitation, and/or seizure activity is a serious concern. Meta-
bolic acidosis is a serious threat to integrity of organ function. In contrast to anticho-
linergic poisoning, the skin is typically not dry and the abdomen not quiet, but the 2
toxidromes with their manifestations of delirium, hyperthermia, reactive tachycardia,
hyperreflexia, and intermittent agitation can be difficult to distinguish on clinical exam-
ination alone. Failure of lethargy, confusion, and/or agitation to resolve with physostig-
mine can help to distinguish serotonin syndrome from anticholinergic delirium.™® It is
helpful to consider serotonergic toxicity on a continuum of severity, recognizing that
relatively mild anxiety, paresthesias, akathisia, and/or tremor can be the result of
drug side effects,®® although, they can be hard to distinguish from underlying psychi-
atric problems for which the drugs may have been prescribed. This may be especially
true in the ICU setting in which other drug effects are also in play, and intubation of
patients interferes with their ability to communicate their symptoms, emotions, and
perceptions. As a result, the commonly used “analgosedative” fentanyl cannot be rec-
ommended for use in toxicology patients in the ICU, as it is proserotonergic and can
fuel a toxic delirial state in conjunction with antidepressants and other agents.®*

Because the clinical picture of serotonin syndrome can mimic neuroleptic malignant
syndrome (NMS), antipsychotic medications should be used with extreme caution in
the initial management of this delirium if the exposure history is at all unclear. In addi-
tion to differences in precipitating medications, NMS typically results in more general-
ized and severe muscle rigidity without hyperreflexia.®®%° Benzodiazepines treat
restlessness and agitation in both conditions and can provide neuromuscular relaxa-
tion that reduces fever and prevents rhabdomyolysis and renal injury, even though
cognitive impairment may persist. Benzodiazepines are, indeed, the cornerstone of
treatment for serotonin syndrome to calm autonomic unrest, prevent arrhythmias
and seizures, and reduce agitation.®® Hyperthermia must be addressed with aggres-
sive cooling techniques. Restraints must be avoided, as ongoing agitation with
restricted movement can result in more heat generation, rhabdomyolysis, and lethal
acidosis. When benzodiazepines are ineffective, barbiturates or propofol are used, oc-
casionally augmented with paralytics.®® The serotonin antagonist cyproheptadine has
been used, but it requires oral dosing and therefore displays limited efficacy in the crit-
ical care setting®®; it is also anticholinergic at higher doses, with the potential to
worsen delirium and hyperthermia. Augmentation of therapy with antipsychotic agents
that antagonize serotonin receptors (eg, chlorpromazine, risperidone) has been
attempted, but with limited efficacy data and concerns about their accompanying
pharmacologic activities.>® As in toxic states of sympathomimesis, centrally acting
alpha-2 agonists (eg, dexmedetomidine) are under consideration, especially in light
of their lower deliriogenic potential as compared with benzodiazepines.®” It is impor-
tant to be aware that serotonin toxicity can persist well beyond the time when pharma-
cokinetic profiles of the offending agents might predict their clearance, because the
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toxin in this syndrome is serotonin, and once a “storm” of neurotransmitter function
has been incited, resolution depends not only on the exogenous substances but
also on factors of physiology inherent to the patient.

Neuroleptics

Toxidromes involving antipsychotic medications can be variable and complex, reflect-
ing the pharmacology of chemically diverse agents. Dopamine receptor antagonism is
the central activity of all these drugs, but only high-potency, first-generation agents
like haloperidol are likely to manifest a toxicity profile primarily reflective of that action.
Many are anticholinergic, so in excessive doses, they may produce confusion and
hallucinosis consistent with that toxidrome (see above), for which physostigmine is an-
tidotal (see Box 1). It is also important to note, however, that although phenothiazines
and newer, structurally unrelated antipsychotic medications have anticholinergic ef-
fects, they may not be sufficient to offset dopamine antagonism in the nigrostriatal
pathway. As a result, movement disorder symptoms can accompany their use in ther-
apeutic dose ranges. In these scenarios, anticholinergic agents, such as benztropine
and diphenhydramine, are effective in reversing dystonias and acute parkinsonian ef-
fects. Noting this conundrum, we advise bearing in mind Paracelsus’ foundational
principle of medical toxicology, “sola dosis facit venenum,”®® and approaching pa-
tients with suspected toxicity from neuroleptics differently based on the particular
dosing and physiologic circumstances.

In the acute, purposeful overdose situation, patients are typically sedate with
slowed motor activity from the effects of D2 antagonism, and also profoundly
affected by anticholinergia if the agent in question has that activity. The latter will
often be clinically dominant to the extent that use of physostigmine may help not
only to clear confusion, but also to avoid intubation from concerns about obtunda-
tion.' Extrapyramidal effects (EPS) are rarely encountered in the setting of a sui-
cidal ingestion of antipsychotic medication, whether it be a typical or atypical
agent. The serotonin antagonism of atypical neuroleptics is not toxicologically rele-
vant, apart from its potential to exacerbate sedation via mechanisms lacking a phar-
macologic antidote; recovery comes only with tincture of time. Most neuroleptics
have the capacity to antagonize alphail-adrenergic receptors, so in conjunction
with dopamine blockade (and in some cases, H1-histamine blockade), the result
is hypotension. Fluid resuscitation is usually sufficient, although a brief period of
vasopressor support may be necessary. Tachycardia may manifest from both
alpha2-adrenergic blockade and anticholinergic effects. The greatest potential for
lethality after a large ingestion of antipsychotic medication comes in the form of
more serious arrhythmias.®®

Although much attention has been paid to the differences between and among
different compounds with respect to QT prolongation potential via potassium efflux
antagonism,’%"2 the reality is that all antipsychotics come with a risk of torsades de
pointes when taken in overdose.”® The peak risk is observed, in most cases, approx-
imately 6 hours after exposure; however, the greatest impact on myocardial rhyth-
micity can be delayed due to ongoing drug absorption after oral overdose.
Management requires cardiac monitoring, supplementation with magnesium, and
optimization of potassium and other electrolyte concentrations in serum. Sodium bi-
carbonate is not effective in preventing polymorphic ventricular arrhythmias; however,
there are older antipsychotic medications capable of causing cardiac arrest via so-
dium channel blockade in similar fashion to TCAs. Thioridazine and mesoridazine
overdoses will manifest with QRS widening on ECG, so treatment with sodium bicar-
bonate is central to prevention of ventricular arrhythmias in those cases,” along with
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Box 3
Case study

A 27-year-old woman with schizoaffective disorder and addiction to alcohol and methamphet-
amine presented in near-coma to the intensive care unit (ICU) after suspected purposeful over-
dose of her psychiatric medications. Her prescriptions included olanzapine, fluoxetine,
hydroxyzine, and gabapentin. Initially, she had a blood pressure of 136/73 mm Hg, heart
rate of 111 beats per minute, a core temperature of 38°C, profound lethargy, purposeless
movements of the arms with a tremor, and symmetric hyperreflexia with 1 beat of ankle clonus.
Her electrocardiogram revealed no abnormalities apart from sinus tachycardia, and her labo-
ratory studies were unremarkable. Without consideration of antidotal therapy, she was given
benzodiazepines and then intubated with the procedure facilitated by succinylcholine and
propofol. Infusions of propofol and fentanyl were maintained overnight, and then weaned
down with a plan to extubate, because there was no discernible pulmonary pathology. Unfor-
tunately, the patient exhibited agitated confusion. Instead of progressing to extubation under
such circumstances, infusions were maintained at lower rates and she was given haloperidol in
accordance with the ICU protocol for management of delirium. Records of the next physical ex-
amination document a blood pressure of 145/90 mm Hg, heart rate of 131 beats per minute, a
core temperature of 38.1°C, and heightened reflexes with 4 beats of inducible ankle clonus.
Critical care physicians recognized the potential problem of having given fentanyl to a patient
with suspected recent exposures to fluoxetine and methamphetamine, and halted the opioid
infusion. A few doses of 2 mg lorazepam were given on the second day in ICU. In the interest of
minimizing the use of propofol, haloperidol doses were increased to 5 mg every 4 hours to
manage agitation. Delirium persisted with no improvement on the third ICU day when the vital
signs and neurologic examination were more in line with the initial presentation. Propofol was
maintained in low-dose titration at the discretion of nursing staff, with a further increase in
haloperidol to 10-mg doses as needed atop the previously scheduled regimen. On day 4 in
the ICU, the patient’s agitation was finally diminished, with breakthrough unrest only when
her body was repositioned. Nursing staff noted her to be somewhat stiff when rolling for toi-
leting, and paged medical staff about a fever of 39°C that afternoon. Acetaminophen was pre-
scribed. A workup was undertaken for infectious causes of fever the next day; assays revealed a
white blood count of 14/nL (increased over the 11/nL on admission) and broad-spectrum anti-
biotics were ordered. Vital signs were not severely abnormal, but varied over the course of the
next day, while the body temperature remained above 39°C despite increase in fluid delivery
and treatment with acetaminophen. The medication regimen was continued for another
day until a psychiatric consultation was placed to “assist with management of prolonged
delirium in the wake of a suicide attempt by a patient with drug abuse; no clear source of infec-
tion, not responding to haloperidol.” A detailed interview, of course, could not be conducted,
but the psychiatrist noted rigidity of all 4 limbs and normal deep tendon reflexes. A review of
the medical record indicated that the patient had received a total of 125 mg haloperidol in the
preceding 120 hours. A diagnosis of neuroleptic malignant syndrome (NMS) was proposed,
with a recommendation to halt haloperidol, give sedative medications, institute aggressive
cooling measures, and consider adding bromocriptine if rigidity were to persist. Abnormalities
in vital signs, physical examination, and behavior became progressively less severe over the sub-
sequent 6 days, and, despite developing a catheter-related urinary tract infection, the patient
was finally able to leave the ICU nearly 3 weeks after her overdose.

The case highlights difficulties in managing the evolving course of a toxic patient in the ICU
affected not only by a purposeful polysubstance ingestion, but also the medications used in
critical care. There was a brief phase of serotonin toxicity due to the interaction between fen-
tanyl and the compounds already present in the patient’s tissues: fluoxetine and methamphet-
amine. Even though this toxidrome was quickly recognized, the less common problem of NMS
eluded detection in the days following. Escalating doses of haloperidol created the problem,
perhaps exacerbated by the olanzapine overdose. Attention to the vital signs and neuromus-
cular status would have provided guidance earlier in the clinical course and prevented the tox-
idrome from yielding a protracted ICU stay. Another point is that the patient’s initial
presentation was consistent with anticholinergic syndrome secondary to the effects of olanza-
pine, and physostigmine would have targeted the underlying cause of that confused agitation
such that the subsequent iatrogenic toxic deliria could have been avoided.
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attention to impaired repolarization. In general, older medications such as these are
considerably more cardiotoxic in overdose than atypical agents.®®

NMS is the potentially lethal complication that more commonly comes to mind in
discussion of these medications. In the acute overdose scenario, however, NMS is
extremely rare. NMS manifests under circumstances of ongoing treatment with anti-
psychotic medications, with the risk being higher during phases of escalating doses.
The risk is also greater with high-potency dopamine blockers. Thus, a patient who has
been prescribed neuroleptics and presents to hospital in an altered state of health and
behavior, or a patient whose clinical picture changes significantly in the ICU after hav-
ing been treated with neuroleptics, must have NMS on the list of differential diagnostic
considerations. It may aptly be viewed as the most severe manifestation of the contin-
uum of EPS (akathisia, dystonia, parkinsonism) that overwhelms whole-body neural
homeostasis.”® The toxidrome reflects an idiopathic reaction resulting in severe mus-
cle rigidity, hyperthermia, autonomic instability, and altered mental status; it requires
discontinuation of antipsychotic medication and aggressive symptom-focused medi-
cal interventions. Along with discontinuation of antipsychotics in favor of benzodiaze-
pines, toxicologists recommend the use of dopamine receptor agonists (eg,
bromocriptine) and turn to dantrolene sodium if severe muscle rigidity is fueling hyper-
thermia and/or rhabdomyolysis that will not respond to sedatives and paralytics.”®

Noting the overlap of the features of NMS with serotonin syndrome (see above), the
complexity of medication regimens in patients who may have these toxidromes, and
the preference to avoid benzodiazepines® in favor of antipsychotic medications in
the treatment of most delirial states,”” efforts have been made to guide the process
of distinguishing NMS from serotonin syndrome.”® Unfortunately, these guidelines
that highlight differences in white blood counts, transaminases, and fever intensity
focus on the most critical forms of 2 toxidromes that present with a continuum of
severity. In the interest of patient safety, NMS must be identified as early in its progres-
sion as possible, so that offending agents may be discontinued; and at these stages,
laboratory indices and temperature readings are not helpful. On the other hand, a
very inclusive set of criteria has been proposed that may deny many patients therapeu-
tic benefit from neuroleptics if NMS is overdiagnosed.”® Laboratory assays for urinary
metabolites of dopamine and serotonin have been proposed to distinguish the syn-
dromes,®° but without validation or widespread availability of the technique, focus
must turn to each individual patient’s physical presentation. Two features of physical
examination that must be assessed carefully and tracked repeatedly may be most
helpful in defining cases of NMS: skeletal muscle tonicity and deep tendon reflex activ-
ity. Patients with muscular rigidity confined to the lower extremities along with hyper-
reflexia are very unlikely to have evolving NMS. This presentation is consistent with
serotonin toxicity, especially if ankle clonus is present. Those individuals without hyper-
reflexia who have rigidity in all 4 limbs (even if fairly subtle) may indeed have early signs
of toxicity from antipsychotic medication that could become very severe if the offend-
ing agents are not discontinued. In the ICU setting, making this distinction can be chal-
lenging; the case scenario outlines some of the complexities involved (Box 3).

SUMMARY

The toxidromes in this survey were chosen for review based on the combined variables of
high epidemiologic frequency of cases in the ICU and availability of the drugs that cause
them. Of course, there are countless other agents that can cause life-threatening compli-
cations. Inhalants and toxic alcohols are readily available substances involved in addic-
tion that can produce critical illness from effects on cardiac, pulmonary, and neurologic
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systems with psychiatric sequelae.®’®% Over-the-counter products containing acet-
aminophen, nonsteroidal anti-inflammatory drugs, and aspirin frequently land purposeful
overdose patients in the ICU.845 Carbon monoxide exposure causes CNS injury that
can lead to delayed neuropsychiatric impairment long after recovery from critical
illness.®”~°" In addition to maintaining a basic familiarity with the principles of diagnosis
and management and antidotes for these other poisons (see Table 2), it is worthwhile
for the C-L psychiatrist to keep an updated medical toxicology handbook for reference.®?

Although not qualified to deliver all the necessary treatments for toxicology patients
in every setting, the psychosomatic medicine specialist can be well-equipped to iden-
tify toxidromes and investigate the underlying causes for them, as well. A thorough
history (often gathered from several sources in the manner of a C-L psychiatrist)
and astute physical examination are key to toxicologic diagnosis. As Georg Groddeck,
by some called the father of psychosomatic medicine, suggested: the crucial question
is “why” not merely “how” a particular disease state arises.®®

In cases of suspected exposure, whether it be purposeful, accidental, or iatrogenic,
toxidromic presentation that is consistent with the history should guide the judicious
use of antidotes. Although surveys of available agents in the environment (eg,
home, hospital ward) can be useful aids to the diagnostic process, the patient’s vital
signs and physical examination are the best guides to medical intervention. The focus
of treatment always should be the patient and the patient’s symptoms, not the toxin or
the assays that may or may not discover it.®* Good supportive care with prioritized
attention to emergent physiologic needs is the cornerstone of management; detailed
assessment and reassessment with synthesis of data over time is essential to this pro-
cess. Removal of ongoing exposures and institution of selected treatments help to
promote recovery from the toxicity of an ICU stay, and potentially reduce long-term
impact on mental health and functionality.
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