Management of Poisoning

and Drug Overdose
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Most poisonings with common intoxicants
are effectively treated with only supportive
measures [1 — 3]. This includes appropriate
therapy for the complications that often ac-
company intoxications, namely hypotension,
arrhythmias, and seizures. Antidotes are also
available for many intoxications (Table 1).
They work by directly binding the toxin (e.g.
digoxin-specific Fa fragents), by atering its
metabolism (e.g. N-acetylcysteinein acetami-
nophen overdose), or by reversing its toxic
effect (e.g. naloxone in opiate intoxication).

Initial Management

The foremost priorities in any intoxication
are

— establishing an airway,

— providing ventilation, and

— maintaining adequate circulation.

Subsequent management should includein-
travenous (1V) glucose for possible hypogly-
cemiain any patient with coma or seizures,
nal oxone to reverse narcotic-induced respira
tory and central nervous system (CNS) de-
pression, and oxygen (O2). Thiamine aso
should be administered to any patient with
altered mental statusto prevent or treat possi-
ble Wernicke's encephal opathy [1].

Thenext step in the care of any patient with
presumed drug toxicity is the administration
of activated charcoal. Routine gastric empty-
ing procedures should be discouraged given
their serious morbidity, and only considered
in conscious patients who have ingested non-
caustic substances not adsorbed by charcoal
(iron, lithium, methanol, ethylene glycol, bo-
ric acid, malathion) [1, 2].

Multiple doses of activated charcoal
(MDAC) prevent poison absorption and in-
crease poison clearance through intestinal di-
alysis[4, 5]. Recommended initial adult dose
is50—100 g in 250 mL water, then 30 g every
3—4hours. It should bemixed with acathartic
(70% sorbitol is most effective). Shorter dos-
ing intervals should be used for drugs with
short half-livesty, (theophylling) and longer
intervalsfor drugswithlongert12 (phenobar-
bital). Whole bowel irrigation with apolyeth-
ylene glycol-electrolyte solution may also
play a role in the future for treating acute
overdose [6]. This technique has been useful
in iron poisoning, lithium toxicity, and in
cases of ingestion of cocaine packets or
“crack” vials.

Forced diuresis and the manipulation uri-
nary pH can abet the excretion of certain
toxins[7]. An akaline diuresis (urine pH 7.5
— 8.0), achieved by infusing 5% glucose in
water (DsW) with 2 ampules of sodium bicar-
bonate (NaHCO3) at 250 mL/hour, can hasten
therenal excretion of salicylatesand long-act-
ing barbiturates. Urinary acidification (urine
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Table 1. Antidotes for Selected Poisonings

Poison

Antidote

Adult dose and comments

Methanol/ethylene
glycol

Digitalis glycosides

Acetaminophen

Opiates

Organophosphates

Tricyclic antidepressants

Benzodiazepines

Anticholinergic agents

Beta-blockers

Calcium-channel blockers

Cyanide

Carbon monoxide

Iron

Ethanol

4-Methyl
pyrazole*

Digoxin-specific
Fab antibody
fragents

N-acetylcysteine

Naloxone

Atropine/
pralidoxime

Bicarbonate

Flumazenil

Physostigmine

Glucagon

Calcium

Lilly Cyanide
Antidote Kit

Oxygen

Deferoxamine

Loading: 0.6 g/kg or 10 mL of 10% solution/kg

PO, NG, or IV

Maintenance: 154 mg/kg/hour (alcoholic)

66 mg/kg/hour (non-alcoholic)

Double dose during hemodialysis

Titrate to blood ethanol level + 100 mg/dL (22 mmol/L)

Limited experience

Loading Dose = 15 mg/kg |V followed by 10 mg/kg IV
every 12 hours for 48 hours then 15 mg/kg every

12 hours until ethylene glycol level is < 20 mg/dL

mg digoxin ingested/0.6 = # of vials required

10 — 20 vials 1V if unknown amount ingested
or

Serum digoxin level (na/mL) x 5.6 x Wt (k)
600

= # of vials IV

140 mg/kg PO, NG, or OG initially, then
70 mg/kg x 17doses

usual dose 2 mg IV
> 2 mg for pentazocine, butorphanol, or propoxyphene
Addicts - 0.2 — 0.4 mg

2 mg atropine 1V; repeat until drying of pulmonary
secretions; pralidoxime 1 g IV

For cardiac arrhythmias 1 — 2 mEqg/kg

0.2 > 0.3 > 0.5 mg every 30 seconds (1st three) then
0.5 mg IV every one min - total 3 mg. Not to give if
coingestion of tricyclic antidepressants

1 -2 mg IV over 5 min only for severe delirium
arrhythmias/seizures

5—10 mg IV starting dose. Titrate to response.
Maintenance dose 2 — 10 mg/hour

1 g CaClz over 5 min IV; may be repeated.
Monitor serum Ca after 3rd dose

Amyl nitrite vials for inhalation
3% sodium nitrite IV, 2.5 — 5 mL/min (up to total
15 mL) 25% sodium thiosulfate, 25 — 50 mL slow IV

100% or hyperbaric
50 — 100 mg IV every 4 — 8 hours

PO = orally, IV = intravenous, NG = nasogastric tube, OG = orogastric tube, *Dilute in 100 mL of NS or
D5W and infuse over 30 minutes.
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pH 5.5) and large urine volumes areimportant
for thetreatment of amphetamineand phency-
clidine (PCP) overdoses. Thiscan beinitiated
by therapid infusion of 5% glucosein normal
sdine (DsNS) at therateof 1 L every 1 —2
hours) with arginine or lysine hydrochloride
(10 g 1V over 30 min). Thereafter, DsNS is
continued with either oral (PO) ammonium
chloride (1 — 2 g every 4 hours) or ascorbic
acid (1 g every 6 hours). Acidification of the
urine is contraindicated if myoglobinuriaisa
concern with PCP.

Although no fatalities have been recorded,
the use of forced diuresismay be complicated
by the development of hyponatremia and
water intoxication, pulmonary edema, cere-
bral edema, hypokalemia, and either aka
lemia or acidemia secondary to the use of
alkaline or acidic agents, respectively, in pro-
moting the diuresis. Severe hypokalemia is
particularly proneto complicate forced diure-
sis during akalinization of the urine with
NaHCOs and/or use of acetazolamide. The
increased urineflow aswell asthebicarbonate
diuresisfavor distal nephron potassium secre-
tion. For these reasons, any commitment to
the use of forced diuresis must be accompa-
nied by close vigilance and measurement of
urinary pH and serum electrolytes (particu-
larly potassium (K*)) every 1 — 2 hours in-
itially and frequently thereafter. Hypokaemia
should be corrected without delay.

Extracorporeal Techniques

Extracorporeal modalitiesarebeneficial for
many drug intoxications which are aready
severe at thetime of presentation or refractory
to the aforementioned measures[8]. Theindi-

cations and benefits of these techniques are
reviewed in the section dealing with specific
intoxications. Toxins with a small volume of
distribution (Vg), low molecular weight
(MW), and little protein binding are ideally
removed by hemodialysis (HD). These in-
clude methanol, ethyleneglycal, isopropanol
lithium, and salicylates. Peritonea diaysis
(PD) can also remove many of the drugs
eliminated by HD and hemoperfusion (HP);
but, at most, it isonly 25% as efficient asHD
for thistask. Drugs with larger MW and high
protein binding and relatively low Vg, as well
as lipid-soluble drugs, are best removed by
HP (e.g. theophylline, phenobarbital). Drugs
with large V4 and/or tight tissue binding usu-
ally are not removed well by either HD or HP.
Continuous extracorporeal ed techniques such
as arteriovenous hemcofiltration (HF) or
venovenous HF may bebeneficial inintoxica-
tions with drugs having large Vg, extensive
tissue binding, or slow intercompartmental
transfer (e.g. procainamide) [9]. Unfortu-
nately, only limited dataare availablefor drug
removal by thesetechniques. The pharmacok-
inetic properties of drugscommonly removed
by extracorporeal techniques are summarized
in Table 2.

Indications

HD or HP should be considered when the
clinical conditions listed in Table 3 apply.
These extracorporeal techniques can aso be
considered if the serum levels of a drug or
poison are found to be increased to values
known to be associated with death or serious
tissue damage. Critical serum concentrations
for several drugs are listed in Table 3. These
are only guidelines, and the decision to insti-
tute HD or HP must be made on an individua
basis.
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Table 2. Pharmacologic Toxicity of Drugs that are Substantially Removed by Extracorporeal Techniques

Protein Severe toxic
Intoxicant MW Binding (%) V4 (L/kg) Levels®
Isopropyl alcohol 60 0.6 400 mg/dL
Methyl alcohol 32 0.6 50 mg/dL
Ethylene glycol 46 0.6 21 mg/dLb
Salicylate 138 50 — 90° 0.2 800 pg/mL
(80 mg/dL)
Lithium carbonate 74 - 0.8 2.5 mEqg/L
Theophylline 180 53 - 65 0.5 60 pg/mL
(60 mg/L)

evels that are often lethal unless aggressively treated, |Dpractically any positive level accompanied by
symptoms and especially by metabolic acidosis is potentially lethal, °protein binding high at low (therapeutic)

plasma levels and progressively lower at toxic levels

Table 3. Clinical Considerations and Drug Con-
centration Criteria for Hemoperfusion or Hemodia-
lysis in Poisoning

(A) Clinical Criteria:

— Continued deterioration despite intensive
care

— Severe poisoning with mid-brain
dysfunction

— Appearance of complications of coma

— Impairment of normal drug excretion
(e.g. ethchlorvynol overdose in a
cirrhotic patient)

— Poisons with metabolic and/or delayed
effects (e.g.paraquat and phalloidin)

— Poisoning with an extractable drug
removed at a greater rate than
endogenous elimination

(B) Biochemical Criteria:
A potentially lethal amount has been
ingested: phenobarbital (10 mg/dL), other
barbiturates (50 mg/dL) glutethimide
(4 mg/dL), ethchlorvynol (10 mg/dL),
meprobamate (10 mg/dL), paraquat
(0.2 mg/mL).

Hemoperfusion (HP)

HP is a process whereby blood is passed
through a cartridge packed with a sorbent
(activated charcoal or carbon). Two other sor-
bents may be used: ion exchange resins and
non-ionic macroporous resins. The com-
monly used HP devices (Table 4) contain 70
— 300 g of activated charcoal, coated with
polymer membranes ranging in thickness
from 0.05 — 0.5 um. Maximal adsorptive ca-
pacity isachieved through high surface poros-
ity and high surface area (SA; approximately
1000 m2/g). Each manufacturer produces car-
tridges with different amount of sorbent and
different coating material. The Clark (com-
pany, etc.) cartridges are unsterilized (longer
shelf life) and must be steam autoclaved prior
to use. Gambro cartridges are sterilized with
ethylene oxide. Erika cartridges are sold
gamma sterilized and require no further ster-
ilization. Clark cartridges are claimed to have
lessincidence of clotting because of the hepa-
rin hydrogel coating.
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Table 4. Characteristics of Some Available Hemoperfusion Devices

Grams of Adsorbent  Sterilization
Manu- Coating charcoal- surface by manu-
facturer Device Sorbent Coating  thickness carbon (m2) facturer
Erika Hemocart Carbon Cellulose <0.05p 65,80,155 65,000,200,000 Gamma
Alukart Nitrate 104,000 Irradiation
Gambro  Adsorba Charcoal Cellulose 3-5up 150, 300 300,000 Ethylene
300C Oxide
Clark Biocompatible Petroleum- Heparin- - 50, 100, None
Research Hemoper- derived hydrogel 250
and fusion carbon
Develop- Systems
ment

HP circuitry (Figure 1) is similar to HD
arrangement, except that no blood warming
apparatus is necessary unless the patient is
hypothermic. Heparin requirements are
dlightly higher than HD (approximately 6000
U/session) becausethe charcoal adsorbssome
of the heparin. Heparin should be given in
amounts sufficient to maintain the activated
clotting time (ACT) or whole blood partial
thromboplastintimeat about twicethenormal
value. The most efficient removal of toxin is
achieved with blood flow rates of approxi-
mately 300 mL/min, and the most appropriate
temporary vascular access to enable efficient
treatment of poisoning ispercutaneouscannu-
lation of the femoral, internal jugular, or sub-
clavian veins.

Priming the HP Circuit

Setup and priming procedures differ some-
what depending on the brand of cartridge
used, and the manufacturer’sliterature should
be consultedinall instances. The HP cartridge

must be primed in avertica position with the
arterial side facing down. One manufacturer
(Gambro) recommends that its cartridges be
rinsed initially with 500 mL of DsW to load
the charcoal with glucose. This maneuver is
alleged to result in alesser drop in the serum
glucose level during the HP treatment. Other
manufacturers do not recommend a glucose
rinse.

After the glucose rinse (if oneis used), the
cartridge is rinsed with 2 L of heparinized
(2500 U/L) 0.9% sodium chloride (normal
saline, NS) solution at aflow rate of 50— 150
mL/min. In rinsing Clark cartridges, the
manufacturer recommends that the final liter
of rinsing fluid beinfused at arelatively rapid
rate, i.e. about 150% of the anticipated blood
flow ratethrough the device (e.g. 300 mL/min
if the blood flow rate will be 200 mL/min).

Pharmacokinetic Principles of HP

By measuring the concentration of a given
drug in the blood just before the blood enters
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Hanger

Pressure Monitor

Patient

and asit exitsthe HP cartridge, one can easily
calculatethe extraction ratio (ER) Of thedrug
with the formula: ER = (A-V)/A where, A =
Concentration of toxinatinlet to HP cartridge,
and V = Concentration of toxin at outlet; a
ratio of 1.0 signifies complete extraction of
the drug in one pass. By knowing the concur-
rent plasma flow rate through the cartridge,
one can cal culatethe clearancerate (clearance
= ER x Qg, where Qg = blood flow rate, in
mL/min).

Data on drug ERs suggest that charcoa
hemoperfusion is efficient in extracting a
wide variety of poisons from the circulating
blood, including theophylline (ER = 0.7),
ethchlorvynol (ER = 0.7), methaqualone (ER
= 0.5 — 1.0), phenobarbital (ER = 0.5) and
glutethimide (ER = 0.65), aswell as paraguat.
However, despitethevery high ERsand clear-

6

Clark
Cartridge

arterial
(bottom)

Figure 1. Schematic of a HP
circuit. The Clark Biocompat-
ible HP System may be used in
conjunction with, or without,
hemodialysis. Arrows indicate
flow direction. (Clark Research
and Development, Inc. Number
13 Park Lane, Folsom, Louisi-
ana 70437)

ance rates that can be obtained with HP, other
theoretical and clinical factors must be taken
into consideration when assessing effective-
ness of HP in the therapy of intoxications.
These theoretical considerations focus on the
fact that many common intoxicants have phar-
macokinetic properties which predict that
cleansing of the circulating blood, no matter
how effectively done, may not result in a
clinically detectable beneficia effect. These
considerations also reveal that evidence de-
rived only from ERs and clearance data can
be misleading. After absorption, the distribu-
tion of each drug in the various body compart-
mentsishighly individualized and dependson
several factors, which include the MW of the
drug, its ionization at the prevailing pH of
body fluids, its lipid solubility, the degree of
protein binding, and the apparent volume of



13 Ismail, Neyra and Mujais - Management of Poisoning and Drug Overdose

distribution (Vg). The interplay of these fac-
tors determines not only the total amount of
the drug that ispresent in various body tissues
and in the extracellular fluid and plasma, but
also dictates how easily the drug moves from
one to another compartment, and how acces-
sibleit isto extracorporeal therapy.

Importance of Volume of
Distribution (Vq)

The Vq of a substance is pharmacokineti-
caly defined as:

Vg = X/Cp,

where X = dose administered in mg/kg, and
Cp = Serum concentration in mg/L.The Vg of
a substance is the space that represents the
guantity of water in which aknown amount of
drug would have to be diluted to yield the
serum concentration. By viewing the body as
one compartment in which the substance is
homogeneously distributed, Vg relates the
dose of drug administered to its plasma con-
centration by the above equation. However,
most substances are not homogeneously dis-
tributed but rather vary in their concentration
throughout the body as a result of lipid solu-
bility, protein binding, activetransport and pH
gradients. The apparent Vy corresponds to a
physiologic space only for a substance, like
methanoal, that distributesin body water with-
out significant binding to tissue or plasma
proteinsand without significant accumulation
in adipose tissue. In this case Vg = 0.6 L/Kg,
theequivalent of body water. A Vg greater than
theactual body water reflects ahigh degree of
tissue concentration.
Vg isclinically important in 2 ways:
— Knowing the Vg and C, of a particular
drug allows calculation of the amount of
drug ingested.

— Vg is one of the factors that determines
accessibility of adrug to removal by ex-
tracorporeal therapy. Large Vg implies
that the drug is concentrated in less ac-
cessible extravascular compartment, and
hencenot efficiently removed by HP (e.g.
Vg of digoxin and tricyclic antidepres-
sants, are6 L/kgand 20 L/kg, respectively).

Conversely, alow Vg by no means ensures
success with HP. For example, paraguat,
glutethimide, and short-acting barbiturates
are not readily removed by HP due to tight
tissue binding.

Duration of HP

Assuming first-order kinetics and instanta-
neous equilibration of compartments, the re-
moval of a substance during HP follows an
exponentia relationship:

- Kt
Coina :C:lnitial% v @

Where

K = clearance which is equal to (Qg x ER),
in mL/min,

t = time elapsed (mins),

V4= volume distribution (mL),

ER = extraction ratio, and

Qg = blood flow rate, in mL/min.

Knowing the Cinitia and desired Cfina, ONe
can estimate the duration of HP required to
achieve the target concentrations of the toxin
or drug being removed. In practice, however,
a single 3 hour treatment will substantially
lower the blood levels of most poisons for
which HP is effective and prolonged HP (be-
yond 3 hours) is usually unnecessary. Indeed,
more prolonged use of aHP cartridgeisinef-
ficient, because the charcoal tends to become
saturated with the toxin or drug (especialy
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when cartridges containing < 150 g charcoal
are used). Usually, replacement of saturated
deviceswith fresh devicesisnot required, and
any rebound in plasma drug concentrations
consequent to tissue release can be treated
with a second HP session.

Complications

The principal side effect of HP with char-
coal or resin preparationsisplatel et depletion.
Most studies of HP in humans show an aver-
age loss of 30% of platelets with coated or
uncoated charcoal or resin preparations [10].
Occasionaly, however, ahigher dropin plate-
let count can occur, which may give rise to
clinical bleeding problems. Other side effects
noted are reductionsin serum Caand glucose
and transient falls in white blood cell (WBC)
counts, all of which are usually mild and can
be managed clinically. In addition, with the
recirculation of blood in the extracorporeal
circuit, there is also a mild reduction of
1 - 2°C in body temperature, and frequent
body temperatures should be taken in deeply
comatose patients. Although hypotensionasa
consequence of circulation of blood in the
extracorporeal circuit is an infrequent phe-
nomenon in drug overdosage, pressor agents
like dopamine for hypotensive comatose pa-
tients should be administered distal to the
sorbent devices, since they are also adsorbed
by the sorbent preparations. The observed
fallsin platelet concentrations usually return
to normal limitswithin 24 — 48 hours foll ow-
ing asingle HP.

I ntoxications Which
Respond Readily to
Extracorporeal Therapies

I ntoxicationswith M ethanol,
Ethylene Glycol, and | sopropanol

An increased plasma osmolar gap charac-
terizesintoxication with any of these 3 agents
[11, 12]. Methanol and ethylene glycol also
are associated with ahigh anion gap acidosis.
Isopropy! acohol, by contrast, affects acid-
base status with far less frequency unless hy-
potension and tissue hypoxia ensue after in-
gestion.

Cardinal featureswhich should alert physi-
cians to suspect intoxication with these atypi-
cal acoholsare shown in Table 5. In addition
to these characteristics, several other features
are associated with atypica acohol poison-
ing. Methanol and ethylene glycol may cause
myoglobinuric acute renal failure (ARF).
Methanol also can interfere with serum creat-
inine determinations while isopropanol can
lead to spurious elevations in serum creat-
inine.

Despitethefact that intoxication with atypi-
cal alcohals results in an increased osmolar
gap, the most common etiology for an ele-
vated osmolar gapin clinical practiceremains
ethanol intoxication. Because ethanol inges-
tion may accompany intoxication with any of
these agents, it isimportant to correct for the
contribution of ethanol in determining the
concentration of thetoxin ingested. The equa-
tionsfor thiscalculation are shownin Table6.
These formulas serve to estimate the amount
of toxin ingested.

Each of these alcohols manifests differ-
ences in toxicity and pharmacology [8]. The
amount of methanol necessary to cause toxic-
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Table 5. Cardinal Features of Intoxications with Atypical Alcohols

Clinical features

— METHANOL: Blurring of vision, “snowstorm” photophobia, blindness, sluggish or non-reactive dilated
pupils, hyperemia of optic discs, retinal edema, and painful abdominal crisis due to pancreatitis.

— ETHYLENE GLYCOL: Alcohol-like intoxication without alcoholic fetor, “triphasic” clinical picture, urine
sediment with abundant calcium oxalate crystals, and hypocalcemia.

— ISOPROPANOL: Acetonemia or acetonuria combined with fruity breath but no hyperglycemia or
glycosuria.

Biochemical features

— Increased plasma osmolal gap.

— High anion-gap metabolic acidosis (methanol and ethylene glycol).

— Usually no change in acid-base status with isopropyl alcohol (unless hypotension and lactic acidosis
prevail).

Table 6. Utility of the Osmolar Gap in Management of Intoxications

Molecular Lethal Level Corresponding

Substance Structure Weight mg/dL A Osm
Ethanol CH3CH20H 46 350 76
Isopropanol CH3CHCH3 60 340 56
Methanol CH30OH 32 80 25
Ethylene CH2-CH2

Glycol OH OH 62 21 3.4
Acetone CH3-CO-CH3 58 55 9.4

Concentration of toxin = A OsMX x MW of X
(mg/dL) (mOsm/kg) 10
where A OsmX = A OsMotal - A OSM(ethanol)

t

A Osmiotal = “measured Osmolality"* — “Calculated Osmolality’

® by freezing point depression (LAB); ® by formula [2 x Na + glucose + BUN
18 2.8
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Lactate Pyruvate

NAD NADH+H* NAD

N

N

NADH+H*

Methanol —=———> |Formaldehyde | ——=——> | Formic Acid |———> CO2 + HoO

* Alcohol

Aldehyde Folate

Dehydrogenase Dehydrogenase

Figure 2. Methanol metabolism. Asterix indicate:
dehydrogenase is only 1/10 the affinity of ethanol.

ity and death isvariable, ranging from aslittle
as 15— 30 mL of a40% solution to 60 — 240
mL. Death usually results at blood levels of
80 — 100 mg/dL (24 — 30 mmol/L). Serum
methanol levels do not correlate well with
prognosis, however, the degree of acidosis
and serum formic acid levelsare good predic-
tors of mortality [19].

Peak blood levels of methanol occur 30 —
90 min after ingestion. ItsVqis0.6 L/kg. Less
than 5% of methanol is excreted unchanged
by the kidney while the remaining 90 — 95%
isexcreted viahepatic metabolism (Figure 2).
Alcohol dehydrogenase converts methanol to
formaldehyde. This reaction, when it occurs
in the retina, is responsible for the ocular
toxicity associated with methanol poisoning
[15]. Subsequently, formadehyde is con-
verted to formate by aldehyde dehydrogenase
and other enzymes. Because ethanol hasa7 —
to 10-fold fold greater affinity for alcohol
dehydrogenase than methanal, it isused clini-
cally to slow the metabolic transformation of
methanol to its toxic product, formate.

The dimination tY2 for methanol in mild
intoxications is 14 — 20 hours, but this in-
creases to 24 — 30 hours in severe intoxica
tions and 30 — 35 hours with the administra-
tion of ethanol. With ethanol and HD, thisfalls
markedly to 2.5 hours[20].

Drowsiness is present early in methanol
intoxication. A latent period follows (6 — 30

10

s rate-limiting step. The affinity of methanol to alcohol

hours), but endswith the onset of the classical
signs and symptoms of methanol poisoning:
vomiting, vertigo, abdominal pain, changein
vision, coma, and death [15].

Laboratory abnormalities associated with
methanol ingestion include high osmolar and
anion gaps aswell asformic and lactic acido-
sis. The acidoses result from trapping of ni-
cotinamide-adenine dinucleotide (NAD") as
its reduced form (NADH) in the liver as a
consequence of the oxidation of methanol to
formic acid. This leads to an increase in for-
mic acid concentration which reverses the
normal oxidation of lactate to pyruvate;
thereby, increasing blood lactate levels (Fig-
ure 2). Patients also may have hyperglycemia,
an elevated hematocrit (HCT) and mean cor-
puscular volume (MCV), and an increase in
serum amylase.

Treatment for methanol intoxication should
beinitiated asearly aspossible. Gastriclavage
may be of benefit if the patient is seen early
(< 2 hours) after ingestion. Ethyl alcohol
should then be administered PO, 1V, or via
nasogastirictube (NG) at aloading dose of 0.6
g/kg followed by a maintenance dose to
achieve serum ethanol levels > 100 mg/dL
(see Table 7). The metabolic acidosis aso
should be corrected readily [20, 21].

HD is indicated for methanol poisoning
when the following are present:
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methanol blood levels > 50 mg/dL,
visual, funduscopic, or mental status
changes,

severe metabolic acidosis,

— increased serum formic acid levels, or

Table 7. Guidelines for the Use of Ethanol in the
Treatment of Atypical Alcohol Intoxications

— Maintain serum ethanol levels during treatment

> 100 mg/dL i
— the patient consumed > 30 mL methanol
— Loading dose = 0.6 g/kg PO, NG, or IV [21].
— Maintenance dose . ) ] ) ]
a. Alcoholic patient = 154 mg/kg/hour Optimal dialysis can be achieved with a
b. Non-alcoholic patient = 66 mg/kg/hour HCOs diaysate bath, blood flows > 300
c. Double dose during hemodialysis mL/min, and alarge surface areadialyzer (1.5
— PO or NG ethanol concentrations should not mz)_ HD should be continued until serum
exceed 20%. IV ethanol is usually given as 10% methanol levels are < 20 mg/dL. Folic acid
ethanol in DsW may promote catal ase-mediated formate me-
— Continue ethanol until ethylene glycol or metha- tabolism to carbon dioxide (CO) and water
nol are no longer detectable and can be used at 2 mg PO daily. Finally, PD

isan alternative if HD is not available.

Ethylene Glycol
Alcohol NAD Lactate
Dehydrogerase $—)-NADH + H(:prruvate—)elucose
Glycoaldehyde Citric a\tid cycle
aldehyde
Dehydrogenase
GLYCOLATE
A

various routes

a-OH-BKeto o TPM3 3] YOXYLATE <85 Glycine + CO,

adepate
Lactate

Formate, oxalomalate
Y- OH - o - ketoglutarate \

Figure 3. Ethylene glycol OXALATE

metabolism. Asterix indicates
rate-limiting step. Ethanol has
100 x more affinity than ethyl-
ene glycol to alcohol dehydro-

genase. TTP = thiamine as co- ARF & Hypo— Tissue

factor, PRP = pyridoxi - o . eys
fotor pyricoxine as o Crystalluria calcemia Depositions
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Ethylene glycol has a Vg (0.6 L/kg) and
lethal dose (100 mL) similar to methanal.
Peak blood levels occur after 1 — 4 hours
post-ingestion. Ethylene glycol is metabo-
lized via alcohol dehydrogenase to several
toxic compounds, including glycolic and ox-
alic acids (Figure 3). Alcohol dehydrogenase
also hasafar greater affinity for ethanol (100-
fold) than ethylene glycoal; hence, its admini-
stration iseffectivein delaying the breakdown
of ethyleneglycol toitstoxic metabolites[13,
14].

The degree of toxicity and acidosis corre-
late best with the accumulation of glycolic
acid; however, lactate production also may
contribute to the metabolic acidosis. The t*?
for ethylene glycol without treatment is 3 —
8.5 hours; however, with ethanol treatment, it
is10 — 102 hours. Combined ethanol use and
HD, as in the case of methanol ingestion,
significantly shortens the elimination 2 to
2.5—-3hours[22].

The clinical syndrome of ethylene glycol
poisoning usually follows a triphasic course
[14]. The earliest findings are neurologic ab-
normalities ranging from drunkenness to
coma (Stage ). These are succeeded by pul-
monary edema, cardiomegaly, and heart fail-
ure (Stage I1). Acute tubular necrosis (ATN)
occursin thefinal stage (Stagelll). Thismay
be accompanied by calcium oxalate crystals
intheurine and diverselaboratory abnormali-
ties including: high osmolar and anion gaps,
acidosis, leukocytosis, cerebrospinal fluid
(CSF) xanthochromia, hypocalcemia, ele-
vated creatine phosphokinase (CPK) and ele-
vated liver function tests.

Therapy for ethylene glycol poisoning pro-
ceeds aong many of the same guidelines out-
lined above for methanol intoxication. Initial
treatment should entail gastric lavage and
ethanol (see Table 7) as well as correction of
the metabolic acidosis. An aternativeto etha-
nol is fomepizole (4-methyl-pyrazole), a po-
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tent inhibitor of alcohol dehydrogenase [23,
24]. Treatment with fomepizole should be
initiated as quickly as possible when there is
asuspicion of ethylene glycol poisoning or a
documented serum ethylene glycol concen-
tration > 20 mg/dL. A loading dose of 15
mg/kg 1V should be given, followed by doses
of 10 mg/kg IV every 12 hours for 48 hours,
then 15 mg/kg IV every 12 hours thereafter
until ethylene glycol levels fall <20 mg/dL.
Fomepizole induces its own metabolism via
the cytochrome P450 system, necessitating
the increase in maintenance dose after 48
hours. The drug is dialyzable and its dosing
must be intensified during HD. Preliminary
data suggest that fomepizole is usualy well
tolerated but occasionally producesheadache,
nauses, dizziness, eosinophilia, or mild tran-
sient elevation of liver enzymes. Small studies
or case series have documented prolongation
of thet¥? of ethyleneglycol from 3—16 hours
and dramati cimprovementsin acidemiawhen
the drug is administered. Fomepizole aso
prolongs the tY2 of ethanol, and the sim-
ultaneous use of both agents is not recom-
mended.

Hypocalcemia also should be corrected if
present. Hemodynamic monitoring may be
necessary if the patient develops pulmonary
edemaor renal failure. 1V fluidsand mannitol
should be given to patients without oli-
goanuria or pulmonary edema to maintain
good urine output.

The 2 antidotes for ethylene glycol toxicity
are pyridoxinewhich stimulates glyoxylateto
glycine; and thiamine which hastens the me-
tabolism of glyoxylate to a—OH ketoadipate.
Pyridoxine should be given 500 mg intramus-
cularly (IM) 4 times daily and thiamine 100
mg IM 4 times daily. HD is indicated for a
serum ethylene glycol level > 20 mg/dL or
severe metabolic acidosis. Dialysis should be
continued until the ethylene glycol level is
< 20 mg/dL and the acidosis has resolved.
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Isopropanol has a letha dose between
150 —240 mL. Life-threatening plasmalevels
approximate 400 mg/dL ; nonetheless, clinical
signs and symptoms are more reliable prog-
nostic indicators than serum levels. | sopropyl
alcohol is completely absorbed by 2 hours
post-ingestion with an apparent Vg of 0.6L/kg.
The dimination t*? is 2.5 — 3.2 hours. Iso-
propanol undergoes oxidative metabolism by
alcohol dehydrogenase to acetone which is
excreted predominantly by thekidneysand, in
part, by the lungs. Twenty to 50% of iso-
propanol does not undergo metabolismand is
excreted directly by thekidneys. A proportion
of absorbed isopropanol is re-secreted into
saliva and stomach and hence the value of
repeated MDAC even after its absorption.

Isopropanal, like the af orementioned atypi-
cal acohols, isaCNSand myocardia depres-
sant. Hemorrhagic gastritis, profound hypo-
tension, hypothermia, and hypoglycemiaalso
may complicate isopropanol ingestions. Hy-
potension also isimportant because this plays
a critical factor in determining patient prog-
nosis after isopropanol ingestion [18].

Therapy for most patients with isopropanol
intoxication focuses upon supportive meas-
ures including 1V fluids, pressor agents and
mechanical ventilation, if necessary, as well
as symptomatic treatment for Gl distress. HD
is of great benefit, effectively removing iso-
propanol and acetone from the plasma. The
indicationsfor HD are: 1) plasmalevels> 400
mg/dL, 2) prolonged coma, 3) hypotension, 4)
myocardia depression and tachyarrythmias,
and 5) renal or hepatic failure [18].

Lithium Intoxication

Lithium carbonateisavaluable and widely-
used drug in the treatment of bipolar affective
disorders. However, thismedication hasalow
therapeutic index and can induce a multitude

of adverse and even, life-threatening compli-
cations. Acute overdose has a mortality rate
approaching 25%. In contrast to many other
drug poisonings, acute lithium intoxication
usually results from chronic accumulation [8,
25, 26]. Theclinical manifestationsof toxicity
such as neuromuscular irritability, mental
status changes, and hypotension are often su-
perimposed on the drug's chronic effects e.g.
nephrogenic diabetes insipidus, renal acidifi-
cation defects, interstitial nephritis, and goiter
[25, 26].

Patients taking lithium who have polyuria
are prone to lithium intoxication when they
are unable to maintain an adequate fluid in-
take and, hence, suffer dehydration [27]. Old
age also places patients at greater risk for
lithium toxicity asaresult of diminished renal
clearance and Vq [28]

Lithium carbonate and lithium citrate are
readily absorbed from the gastrointestinal
tract with peak serum levels 2 — 4 hours after
ingestion. Lithium is freely distributed in
whole body water with a Vg of 0.8 L/kg.
Steady-state plasmalevelsusually arereached
within 5 days during conventional oral dosing
(1200 — 1800 mg/day) [27].

Lithium is predominantly excreted by the
kidney. Following filtration, 75 — 80% of fil-
tered lithium is reabsorbed in the proximal
tubule while the remainder is excreted in the
urine. Any process which increases proximal
tubule sodium reabsorption, e.g. extracel lular
volume depletion, decreases the renal clear-
ance of lithium and thus, may necessitate a
dosage change. Theusual tY2 approximates 18
hours in young adults and increases to 36
hoursin the elderly. Given these extended t2,
blood levels for monitoring serum lithium
should be drawn no earlier than 12 hours after
the last dose [27].

The clinical manifestations of lithium tox-
icity may be subtle especially during its pro-
dromal phase. However, a good correlation
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Table 8.
Toxicity

Indications for Hemodialysis in Lithium

— Serum lithium> 3.5 mEg/L regardless of patient
presentation.

— Serum lithium > 2.5 mEg/L and,
Markedly symptomatic patient
Renal insufficiency
Presence of condition(s) that increase renal
sodium avidity (cardiac failure, cirrhosis).

— Serum lithium = 2.5 — 3.5 mEq/L, but asympto-
matic
Consider HD if serum lithium is not anticipated
to be < 0.6 mEg/L by 36 hours.

exists between the symptomatology of lith-
ium toxicity and serum lithium levels [29].
Mild (serum level = 1.5 — 2.5 mmol/L) and
moderate (serum level = 2.5 — 3.5 mmol/L)
lithium toxicity are characterized by
neuromuscular irritability, weakness, delir-
ium, nausea, emesis, and diarrhea. Sinus
bradycardia and hypotension can also occur.
Severe toxicity (serum level > 3.5 mmol/L)
canresultin seizures, stupor, coma, and a10%
risk of permanent neurologic sequelag, e.g.
dementia or ataxia. Laboratory manifesta
tions of lithium intoxication include a de-
creased serum anion gap (lithium is an un-
mesasured cation) and leukocytosis [25].
Recognizing and avoiding states predispos-
ing to lithium intoxication are the best strat-
egy for preventing this drug’s significant tox-
icity. Nonethel ess, some patientswill develop
acute lithium poisoning and require treatment
commensurate with the adequacy of their re-
nal function and the degree of intoxication.
Initial therapeutic measures include the with-
drawal of any concomitant diuretic therapy.
These may be re-introduced, after correction
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of intravascular volume depletion, to control
nephrogenic diabetes insipidus. Patients with
cardiac disease, arrhythmias, or severe toxic
reactions, e.g. obtundation, should be moni-
tored in an intensive care unit (ICU). Maxi-
mizing lithium clearance by restoring sodium
and water balance is essential. While admin-
istering 1V fluids, it is important to avoid
hypernatremia, therefore 0.45% NaCl solu-
tion (half-normal saline) or another hypotonic
solution is advisable. Forced diuresis and
large volume saline infusions have limited
applicationsin the treatment of lithium toxic-
ity unlessthe glomerular filtration rate (GFR)
is reduced. Evidence suggests that the frac-
tional excretion of lithium (FEL)does not
change consistently during saline administra-
tion unlesshypovolemiaand adepressed GFR
are already present [27].

HD remainsthetherapy of choicefor severe
lithium toxicity. HD rapidly reduces serum
druglevelsand thet”?. Theindicationsfor HD
are summarized in Table 8 [27, 30, 31]. HD
effectively clearslithium at nearly 50 mL/min
compared to 15 mL/min for PD. However,
because intracellular lithium re-equilibrates
slowly, serum levels may rebound after the
cessation of dialysis. Continued or delayed
gastrointestinal  absorption related to sus
tained-release lithium formulations may also
contribute to this rebound in serum levels.
Extending the duration of dialysiscan obviate
this phenomenon. Generally, a 9-hour HD
session removes 60% of thetotal lithium bur-
den. One strategy isto perform dialysisfor 8
— 12 hours initialy and repeat dialytic treat-
ments as necessary until the serum Li remains
< 1.0 mmol/L, 6 — 8 hours post-dialysis. An
dternativeissimply a6-hour HD with alarge
surface area dialyzer, reducing serum lithium
tothedesired level. Continuous arteriovenous
hemodidfiltration (CAVHDF) may also prove
to be asafe and efficacioustherapy by signifi-
cantly augenting lithium excretion [32, 33].
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Theophylline Toxicity

Severe theophylline toxicity is associated
with significant morbidity and mortality as a
result of sustained or recurrent seizures, hypo-
tension, and arrhythmias. With the extensive
use of sustained-release theophylline prod-
ucts, prolonged toxicity is possible. Although
the symptomatology of theophylline toxicity
relates to the serum concentration, thereisno
predictable step-wise relationship between
these factors. Nonetheless, 30% of patients
with serum theophylline concentrations > 15
mg/mL will have mild toxicity, while toxic
reactions will be present in 78% of patients
with levels > 25 mg/mL (therapeutic, 10 — 20
mg/mL). The “acuteness’ or “chronicity” of
theintoxication also will affect the severity of
symptoms (Figure 4). At any given serum
level, chronicintoxicationwill havemore pro-
nounced manifestations than acute intoxica-
tion [34].

Many factors influence the devel opment of
theophylline toxicity by decreasing drug me-
tabolism [35]. Significant cardiac or hepatic
disease and concurrent drug use (erythromy-
cin, cimetidine, ciprofloxacin, cephalexin,
tetracycline, ora contraceptives, alopurinol,
propranolol, and thiabendazol €) can delay the
metabolic clearance of theophylline, as can
old age and early infancy (< 6 months).

60 80 100 120 140 160 180 200 220 240
Theophylline (mg/l)

Seizureactivity may occur with serumtheo-
phylline concentrations as low as 25 mg/mL,
but, more commonly at concentrations > 40
mg/mL. Seizures can occur many hours after
the peak serum theophylline level in acute
intoxications. The reason for this temporal
discrepancy isunknown. Unexpected seizures
may be the presenting clinical finding in
chronic intoxication [34, 36]. Tachyarryth-
mias can occur with serum theophyllinelevels
> 20 — 30 mg/mL. Cardiovascular collapse
and respiratory arrest however, arerare unless
the concentration is > 50 mg/mL in chronic
overdose, or > 100 mg/mL in acute toxicity
[36]. Metabolic abnormalities often accom-
pany theophylline toxicity including hypoka-
lemia, hypomagnesemia, hypophosphatemia,
hypercalcemia, hyperglycemia, and respira-
tory alkalosis[37].

Theophylline is slightly more than 50%
protein bound withasmall Vq (0.4 —0.6 L/Kg).
It is extensively metabolized by the hepatic
cytochrome P-450 system with only 8 — 10%
excreted unchanged inthe urine. At therapeu-
ticdoses, blood levelsfollow first-order kinet-
ics but at toxic levels, mixed first-order and
zero-order kinetics prevail. The implications
of asmall Vg, rapid blood-tissue equilibration,
and aprolonged tY2 dueto low intrinsic clear-
ance, arethat asubstantial amount of drug can
be removed during a HD or HP session [35,
36].
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Table 9. Indications for Extracorporeal Therapy in Theophylline Toxicity

— Seizures and/or arrhythmias with cardiovascular instability.

— Acute intoxication with plasma theophylline level = 100 mg/L (550 pmol/L), or levels approaching 100
mg/L in 2 hours.

— Chronic intoxication in a patient over age 60 years with plasma theophylline level > 40 mg/L (220 pmol/L).
— Chronic intoxication in a younger patient with plasma theophylline level > 60 mg/L (300 umol/L) and who
cannot tolerate multiple doses of activated characoal or has other risk factors for major toxicity.

— Any intoxication with levels > 60 mg/dL in a patient who is at risk of seizure or has other medical

complications:

1. Impaired theophylline metabolism (chronic liver disease, CHF, hypoxemia (PO2 < 40 mmHg),

or neonate).
2. History of epilepsy.

3. Ischemic heart disease or severe chronic lung disease.

The mainstays for treating theophylline
toxicity are supportive measures and oral ac-
tivated charcoa [36, 38, 39]. The latter is
indicated even for IV intoxications. Activated
charcoal is administered 1 g/kg initially fol-
lowed by 20 g every 2 hoursfor 6 — 12 hours.
A cathartic such as sorhitol (50 — 75 mL of
70% solution) should aso be considered.
There are no firm indications for HD or HP.
Table 9 lists well-accepted guidelines for the
performing HP in theophylline toxicity. Most
authors however, agree that either extracor-
poreal therapy is indicated for unstable pa-
tients with seizures, hypotension, or arrhyth-
mias [36, 38, 40] (Table 9). Acute toxicity
with serum theophyllinelevels> 100 mg/mL,
chronic intoxication with alevel > 60 mg/mL
in a young person, or chronic intoxication
withalevel > 40 mg/mL inanindividual older
than 60 all warrant either HD or HP. Seria
HD-HP (a diaysis membrane followed by a
HP cartridge in the extracorporeal circuit) of-
fers the advantage of each modality and de-
lays saturation of the HP cartridge [41].

Other therapies aso have demonstrated
some efficacy in theophylline toxicity, albeit,
in small studiesor case reports. Plasmaphere-
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sis [42] has succeeded in lowering serum
theophylline concentrations in children and
exchangetransfusion [43] has been beneficial
intreating theophyllineintoxicationininfants
and neonates. Further experience with these
techniques will be necessary to assess their
absolute effectiveness. Finaly, when HD or
HP are not available, it is reasonable to con-
sider continuous arteriovenous or venovenous
hemofiltration (CAVHF or CVVHF) to clear
theophylline [9]. However, an extended treat-
ment course is required to accomplish effec-
tive drug clearance due to the lower blood
flow inherent in these techniques.

Salicylate I ntoxication

Salicylate poisoning is afrequent and often
overlooked causeof drug intoxication. Salicy-
late toxicity annually is responsible for 10%
of intoxication-related deaths and 14% of se-
vere intoxications in the United States. The
most common form of salicylate is aspirin.
Other sourcesinclude methyl salicylate (oil of
wintergreen), sodium salicylate, sdlicylic
acid, and many over-the-counter preparations.
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Figure 5. Biochemical basis of salicylate toxicity and its therapy. ASA = acetylsalicylic acid, SA = salicylic
acid. ASA is rapidly converted to SA, and this metabolite exert the drug’s toxic effects. At therapeutic levels
90% of salicylate is protein bound and thus, confined to the intravascular space. Subsequently, SA is 75%
glycinated in the liver to salicyluric acid which is less toxic and excreted more rapidly by the kidney than SA.
When salicylate toxicity occurs (serum levels > 40 mg/dL), the extent of protein binding declines and salicyluric
acid formation becomes saturated. Salicylate concentrations increase and, with a fall in renal excretion, drug

t2 prolongs from 3 — 12 hours to 15 — 30 hours.

Severa narcotic or sedative compounds also
are prescribed in combination with salicy-
lates. These include oxycodone (Percodan),
propoxyphene (Darvon), and barbiturate
(Fiorinal).

Acetylsalicylic acid israpidly converted af-
ter ingestion to salicylic acid and this metabo-
lite exerts the drug’s toxic effects (Figure 5).
At therapeutic levels (20—30 mg/dL), 90% of
sdlicylateis protein bound and thus, confined
to the intravascular space. Subsequently, sali-
cylic acid is 75% glycinated in the liver to
sdlicyluric acid which is less toxic and ex-
creted more rapidly by the kidney than sali-
cylic acid. When sdlicylate toxicity occurs
(serum levels > 40 mg/dL ), the extent of pro-
tein binding declines and salicyluric acid for-
mation becomes saturated. Salicylate concen-
trations increase and, with a fall in renal ex-

Malluche et al. -

cretion, drug t2 prolongs from 3 — 12 hours
to 15— 30 hours [44].

A dose of 150 mg/kg is usually associated
with toxicity. This roughly equatesto 35 tab-
lets or 10 g in an adult. Fatalities have oc-
curred in adults after ingesting 10 — 30 g and,
in children after doses of 3 g. Early symptoms
of toxicity include tinnitus, vertigo, nausea,
vomiting, and diarrhea. Severe intoxication
canresultin altered mental status, coma, non-
cardiogenic pulmonary edema and death.

A variety of acid-base disturbances accom-
pany salicylate intoxication [45]. Sdicylates
directly stimulate the respiratory center re-
sulting in arapid fall inthe pCO2 and respira-
tory alkalosis. A high anion gap metabolic
acidosismay ensue, primarily asaresult of the
accumulation of organic acids, including lac-
tate and ketoacids. The respiratory alkalosis
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normally promotes lactic acid production to
counteract the pH increase, and this augents
thedevelopment of theacidosis. Salicylicacid
(MW 138) itself contributes only minimally
to the acidosis since a plasma level of 50
mg/dL isequivalent to < 3 mEg/L.

Theresult of these metabolic changesisthat
most adults with salicylate intoxication have
either arespiratory alkalosis or amixed respi-
ratory akalosis-metabolic acidosis. A pure
metabolic acidosisishighly unusual exceptin
children. An acute respiratory acidosis aso
can occur, especidly if the patient has in-
gested other medications or has progressed to
severe toxicity.

An accurate diagnosis of salicylate intoxi-
cation is often suspected from the history and
the presence of acid-base disturbances. Rapid
diagnosis also can be culled from the urinaly-
sis. A positive serum Phenistix (brown discol-
oration with phenothiazines or salicylates >
700 mg/mL) or apositiveurineferric chloride
test (purple color when 4 dropsferric chloride
are added to 1 mL urine) are strongly sugges-
tive of salicylate intoxication. Confirmation
of the diagnosisis made by measuring plasma
drug levels[46].

The serious toxicity of salicyclates is re-
lated to their tissue concentrations. Therefore,
initial therapeutic objectives are aimed at re-
ducing drug absorption by administering ac-
tivated charcoal (50 g every 3 hours) and
decreasing drug accumulation by systemic
alkalinization. NaHCOs (2 ampules in 1L
DsW) should be given to raise the arterial pH
t07.45—7.50. This promotes amarked reduc-
tion in tissue salicylate concentrations.

Thenext goa of therapy israpid drug elimi-
nation. Urinary alkalinization isimportant to
pursue asit increases salicylate removal. Sali-
cylate primarily enters urine through the or-
ganic anion secretory pathway inthe proximal
tubule. Therate of salicylate excretion can be
markedly enhanced by urine akalinization.
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NaHCO3 administered as above, should be
targeted to raise the urinary pH to 7.5 — 8.0.
This can increase salicylate excretion up to
5-fold. Acetazolamide, a carbonic anhydrase
inhibitor, also induces a bicarbonate diuresis
by inhibiting proximal bicarbonate reabsorp-
tion. However, urinary HCOs losswill lead to
an undesired fall in systemic pH, thereby in-
creasing salicylate entry into the brain and
aggravating the toxic state. Acetazolamide
therefore is not advocated as sole therapy for
aspirin intoxication and should rarely be con-
sidered, only in concert with NaHCOs ther-
apy, once systemic acidemia has been cor-
rected [44, 47].

HD also is highly efficacious for treating
sdicylate toxicity. Save for its extensive pro-
tein binding, salicylate satisfiesthecriteriafor
toxins readily removed by HD. Thismodality
should be utilized when plasma sdlicylate
concentrations are > 80 mg/dL, especidly in
the presence of impaired renal function. It
should also be implemented in the setting of
salicylate intoxication with volume overload
(compromising NaHCOs administration),
coma, or progressive clinical deterioration.
Finaly, HD aso is indicated to correct the
acid-base and fluid and electrolyte distur-
bances which may occur in salicylate poison-
ing, especialy in patients with renal failure
[8].

Valproic Acid Intoxication

Valproic acid is an effective anti-epileptic
drug, often used for ssmple and complex ab-
sence (petit mal) seizures. In spite of its effi-
cacy, accidental or intentional overdose with
valproic acid can cause serious toxicity and
even death.

Vaproate sodium is readily converted to
valproic acid after ingestion in the stomach.
The drug is rapidly and almost completely
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absorbed from the GI tract with peak serum
levels 1 —4 hours after ingestion for val proate
sodium and 3—5 hoursafter asingleora dose
of divalproex sodium. Valproic acid demon-
strates significant protein binding (80 — 90%)
and achievesa Vg of 0.1 — 0.5 L/kg. It mani-
fests first-order kinetics with an elimination
tY2 of 5— 20 hours, although this may extend
to> 30 hoursin the setting of val proateintoxi-
cation. Valproic acid is primarily metabolized
by the liver with glucuronide conjugates ex-
creted by the kidney. Only small amounts of
drug are excreted unchanged in the urine.

Therapeutic plasma concentrations for val-
proic acid have not been well established, but
50 — 100 mg/mL may be an appropriate target
for patientstaking 1.2 — 1.5 g of vaproic acid
daily. Drug toxicity with valproateisvariable,
ranging from nausea, vomiting, and indiges-
tion to CNS changes encompassing lethargy,
drowsiness, and coma. Patients may have ele-
vated serum transaminase levels, hyperam-
monemia, and an apparent bleeding diathesis
with petechiae, ecchymoses, and a prolonged
bleeding time. Some individuals also may
have a false positive urine test for ketones
related to one of the valproate metabolites.

Treatment for val proic acid intoxication has
classically centered around early gastric lav-
age and activated charcoal followed by forced
diuresis. Thishowever, has had limited utility
given the small amount of valproic acid ex-
creted unchanged in the urine. While no im-
mediate antidotes are available for this drug,
several studies have outlined successful com-
bination HD / HP treatment in valproic acid
poisoning. Though these are primarily case
reports, they suggest that HD performed “in
series” with HP can rapidly lower serum val-
proate levels and, possibly, stave off the ill
effects of drug toxicity [48]. The efficacy of
valproic acid removal by HD increase in the
overdose setting. At blood levels > 90 — 100
mg/mL, protein binding sites become satu-

rated, leading to aprogressiveincreasein free
valproic acid concentrations and, thus, en-
hanced clearance across diaysis membranes.
Successful removal of valproic acid has been
reported especialy when HD has been initi-
ated at plasma drug concentrations of 700 —
750 mg/mL [49]. A report from the University
of Texas Southwestern Medical Center also
has proposed that higher blood flows may
contributeto the rapid and significant valproic
acid extraction achieved during extracor-
poreal therapy [48]. With these limited data,
itisdifficult to standardize theindicationsfor
diaytic and/or HP therapy in valproic acid
intoxication. It is reasonable however, to sug-
gest that HD at blood flows of 300 — 350
mL/min with or without HP may benefit pa-
tients who are profoundly ill (CNS toxicity,
bleeding diathesis, increased serum transami-
nases, increased serum ammonia level, and
increased bleeding time).

|ntoxications Less
Responsive to
Extracorporeal Therapies

Acetaminophen Toxicity

Acetaminophen is a remarkably safe drug
when used at normal therapeutic doses. Mas-
sive acute overdose however, can result in
fulminant hepatic failure and death [50]. For-
tunately, the antidote for acetaminophen in-
toxication, N-acetylcysteine, can prevent fa-
talities, if administered in a timely fashion
[51]. Thus, prompt recognition of acetamino-
phen overdose and rapid institution of therapy
are of the utmost importance.
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At therapeutic doses (10 — 15 mg/kg/dose
in children; 325 — 1000 mg/kg/dosein adults)
90% of acetaminophen is metabolized in the
liver to sulfated and glucuronide conjugates
that are excreted in the urine. The remaining
10% is metabolized by the cytochrome
CYP2E1 (P450 2E1) mixed function oxidase
pathway to atoxic intermediary N-acetylimi-
doquinone NAPQI). Normally, this com-
pound is then conjugated with hepatic glu-
tathione to form a non-toxic mercapurate.
With toxic doses, the sulfate and glucuronide
pathways become saturated and an increased
acetaminophen fraction ismetabolized by cy-
tochrome P-450 mercapturic acid utilizing
glutathione. Once glutathioneis depleted to <
70%, N-acetylimidoquinone begins to accu-
mulate. This compound covalently binds he-
patic macromolecules and, ultimately results
in hepatocyte lysis[52].

In addition to the toxic effects of NAPQI, a
rat model of hepatotoxicity suggests that ni-
tric oxide also may contribute to the hepatic
injury [53]. In this model, acetaminophen in-
creased nitric oxide production via enhanced
expression of inducible nitric oxide syn-
thetase. Furthermore, the hepatic injury was
substantially ameliorated by treatment with
aminoguanidine which by inhibiting induc-
iblenitric oxide synthase, reduced nitric oxide
production. Thisbenefit wasachi eved without
change in CYP2EL protein expression or
NAPQI formation.

Within 2 — 12 hours after acetaminophen
poisoning, patients may have nausea, emesis,
diaphoresis, lethargy, and malaise. Temporary
symptomatic improvement may then ensue
for the next 1 — 2 days. At this stage, some
individuals manifest minor elevations in se-
rum transaminases, a prolonged prothrombin
time, and hepatomegaly with right upper
quadrant pain. The hepatic stage usually be-
gins 72 — 96 hours after ingestion when pa
tients develop mental status changes, hy-
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perammonemia, marked increases in hepatic
enzymes, and a bleeding diathesis. Greater
than 2-fold prolongation of the prothrombin
time and/or serum bilirubin >4 mg/dL on the
3rd — 5th day post-ingestion are indicative of
severe hepatotoxicity.

At thisstage, ARF a so may appear, usually
as a result of ATN. However, papillary ne-
crosiscan aso occur. Theoverall incidence of
renal dysfunction in acetaminophen overdose
ranges from 5% (in patients without hepatic
failure) to 53% (in patients with fulminant
hepatic failure). The mechanism of nephro-
toxicity may be similar to that of hepatotoxic-
ity. A toxic intermediate is formed in situ in
renal tissue viathe P-450 pathway and binds
covalently to renal macromolecules. This re-
sultsinrenal cell necrosis. Oliguric ARF usu-
aly occurs. Proteinuria and hematuria may
aso be evident 2 — 4 days after overdose.
Recovery of rena function transpires 2 — 4
weeks after ingestion although some patients
dorequire dialysis.

The diagnosis of acetaminophen intoxica-
tion is made by history and determining the
serum acetaminophen level. This laboratory
val ue (when obtained 4 — 24 hours after inges-
tion) should be plotted against the Rumack-
Matthew nomogram (Figure 6) to establish
the risk of hepatotoxicity and the need for
N-acetylcysteine therapy [54]. Serum levels
obtained before 4 hours may not represent
peak levels.

Therapy for acetaminophen toxicity should
begin with gastric decontamination and acti-
vated charcoal. Activated charcoal avidly ad-
sorbs acetaminophen and should be adminis-
tered to any patient who presents within 4
hours after ingestion to minimize the 4 hour
plasma acetaminophen level. Charcoa then
should be removed from the gastrointestina
tract since it also adsorbs N-acetylcysteine,
the antidote for acetaminophen intoxication.
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N-acetylcysteine is administered as aload-
ing dose of 140 mg/kg of a 20% solution PO,
NG or via orogastric tube (OG) followed by
70 mg/kg every 4 hours for 17 doses. Any
doses vomited should be repeated. Treatment
should be initiated within 8 — 10 hours after
ingestion as the incidence of hepatotoxicity
significantly increaseswhen N-acetylcysteine
therapy is delayed for > 10 hours post-inges-
tion. The efficacy of N-acetylcysteinetherapy
declinesprogressively if started 10— 16 hours
after ingestion, but some benefit is seen even
if N-acetylcysteine cannot beinitiated until 24
hours after ingestion.

To reduce nausea and vomiting that occur
with N-acetylcysteine, given its “rotten egg”

8 12 18 20 24
Hours After Ingestion

odor, the 20% solution can be diluted 1: 3
with cola, orange juice, or grapefruit juice.
Chilling the solution, slow NG administration
or antiemetics also may decrease these side
effects. IV N-acetylcysteineisavailablein the
United States only for investigational studies.
This mode of administration precludes the
Glside effects and has been used successfully
in Europe, Britain, and Canada[55].
N-acetylcysteine acts by enhancing glu-
tathione stores, thus, providing a glutathione
substitute. This, in turn, enhances non-toxic
sulfate conjugation and prevents the accumu-
lation of N-acetylimidoquinone. Aside from
the aforementioned side effects, N-acetylcys-
teine administration has been associated with
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bronchospasm, rhinorrhea, fever, chills,
angioedema, hypotension, hemolysis, ana
phylactoid reactions, and cardiovascular col-
lapse.

HD and HP

The efficacy of acetaminophen removal by
HD or HPin protecting against hepatic failure
following acetaminophen has not been dem-
onstrated [52, 56, 57]. As aresult, these mo-
dalities are not recommended in the manage-
ment of acetaminophen intoxication [44 —
46], with the possible exception of patients
who present late in the course (> 24 hours)
when N-acetylcysteine would be of limited
value [58]. In this situation, HP may be asso-
ciated with lesser elevation in plasma tran-
saminases when compared to supportive ther-
apy aone or to the administration of N-ace-
tylcysteine. However, wedo not use HPfor an
acetaminophen overdose, because the poten-
tial risks probably outweigh the slight benefit
that might be achieved.

Digitalis Intoxication

Cardiac glycoside poisoning often results
during chronic use. Indeed, one-haf of life-
threatening digitalis intoxications transpire
during long-term digitalis therapy. The 2
preparationsin clinical usetoday are digoxin
and digitoxin. These drugs act at the cellular
level toinhibit membrane-bound Na'-K *-AT-
Pase. This results in the intracellular loss of
K* ions and gain of Na" and Ca*". These
compounds have excellent bioavailability
ranging from 80% for digoxin to nearly 100%
for digitoxin. Approximately 7% of digoxin
and 26% of digitoxin is recycled through the
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enterohepatic circulation. The serum half-
lives (t”z) for digoxin and digitoxin are 1.6
and 5 days, respectively [59].

Digoxin hasatremendous Vg (5.6 L/kg). Its
major depot is skeletal muscle; dosage re-
quirements and the likelihood of toxicity can
be anticipated on the basis of muscle mass. A
third of digoxin body storesareexcreted daily
(80% as digoxin in urine and 3% as metabo-
lites in stool). By contrast, nearly 20% of
digitoxin's total body stores are excreted
daily, primarily asinactive metabolites [59].

Severa factors predispose patients to digi-
talis toxicity. Cardiac medications such as
quinidine, verapamil, and amiodarone in-
crease serum digoxin levels. Erythromycin
and tetracycline may increase digoxin levels
by atering gut flora instrumental in digitalis
metabolism. Another antibiotic, rifampin, re-
duces digoxin levels. Potassium-sparing diu-
reticsincrease drug levels by impairing tubu-
lar digoxin secretion. Old age, cardiac disease
and metabolic disturbances, e.g. hypokaemia
and hypomagnesemia, also ater patient sen-
sitivity to digoxin and potentiate drug toxicity.
Finally, renal dysfunction resultsinadecrease
in renal digitalis excretion; thereby, increas-
ing total body digoxin and prolonging thet¥?
[59].

Digitalistoxicity has multiple and non-spe-
cific manifestations. They rangefrom fatigue,
blurred vision, and altered color perception to
anorexia, nausea, emesis, and abdomina
pain. CNS changes include headache, confu-
sion, and delirium. The cardiac signs of digi-
talis toxicity encompass an array of arrhyth-
mias, somelife-threatening. The combination
of supraventricular tachyrhythmia and
atrioventricular block is highly suggestive of
cardiac glycoside toxicity. Hypokalemia
tendsto aggravate digitalistoxicity especially
in the setting of chronic intoxication whereas
hyperkalemiausually resultsfrom acute over-
dosage [59].
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Steady-state serum digoxin levels are
reached 6 — 8 hours after administration;
therefore, samplesfor drug monitoring should
not be obtained until at least 6 hours after the
last dose was administered. Thisinterval may
need to be extended to 12 — 24 hours in
patientswith renal failure given the prolonged
tY2 for digoxin in this setting [59].

False positive elevations of serum digoxin
levels can occur in patients with end-stage
renal disease (ESRD), hepatobiliary disease,
pregnancy, and in neonates [60]. These are
believed secondary to elevations in endo-
genous digoxin-like substances The assay
method can improve the specificity of serum
digoxin measurements. Combined liquid
chromatography/ radioimmunoassay signifi-
cantly eliminates digoxin-like substance im-
munoreactivity as does centrifugal ultrafiltra-
tion prior to a fluorescence polarization im-
munoassay for digoxin [61].

Serum digoxin levels should only be used
as an adjunct to clinical judgent for therapeu-
tic dosing and recognition of toxicity. Patients
can manifest clinical toxicity despite serum
digoxinlevels< 2 ng/mL whereas, someindi-
viduals may necessitate and tolerate digoxin
therapy at serum levels between 2 — 3 ng/mL
without overt signs of intoxication.

Successful treatment for digitalis intoxica
tion depends upon early recognition. Oncethe
physician recognizes digitalis toxicity, initial
therapy should include the administration of
activated charcoal to adsorb digitalis and its
metabolites excreted via the biliary tract.
Cholestyramine also can be used to decrease
drug absorption especially if ingestion oc-
curred within 6 — 8 hours. Measuresto correct
serum K" and other electrolyteimbalancesare
paramount. Acute digitalis poisonings often
are complicated by severe hyperkalemia and
may require treatment with sodium bicarbon-
ate, insulin and glucose solutions, exchange
resins, or even, dialysis.

Symptomatic bradyarrhythmias are appro-
priately treated with 1V atropine (0.5 —2 mg)
and electrical pacing, if necessary. Other car-
diovascular therapy, especially antiarrhyth-
mic drugs and cardioversion, is reserved for
more complex forms of cardiac ectopy.

Severe digitalis overdose may necessitate
therapy with digoxin-specific antibody
fragents (Fa fragents) (Table 10) [62]. Fa
fragents, purified from sheep 1gG, are indi-
cated for massive digoxiningestion, profound
toxicity, or hyperkalemia in the presence of
life-threatening arrhythmias associated with
cardiac glycoside toxicity. These Fa, fragents
rapidly bind intravascular digoxin and diffuse
into theinterstitial spaceto bind free digoxin.
Fa-bound digoxin cannot associate with the
a-subunit of Na'-K *-ATPase and Fa, and drug
molecule are thus, filtered at the glomerulus
and rapidly excreted in the urine. Fy, fragents
are also successful in patients with renal fail-
ure and dialysis. The theoretical possibility
existsthat digoxin could be released from the
complex when excretion of Fa-bound
digoxinisdelayed by renal failure. Thiscould
result in “rebound” digitalis toxicity. While
thishasbeen aninfrequent occurrencein stud-
iesexamining theutility of Fa in patientswith
renal failure, at least onereport hasposited the
benefit of plasmapheresis 24 — 40 hours after
Fa treatment in patients with renal failure to
forestall this possibility [63].

Fan treatment has been associated with un-
toward effects in approximately 10% of pa-
tients including exacerbations of congestive
heart failure (CHF), tachyarrythmias, and hy-
pokaemia. Allergic or anaphylactic reactions
arerare, occurring in < 1% of treated patients,
but skin testing is appropriate for individuas
with known allergy to sheep proteins or those
treated previously with Fa [62].

HD or HP may help control hyperkalemia
or volume overload; however, these ap-
proaches are generally inadequate for treating
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Table 10. Determination of Equimolar Digoxin-specific Fan Fragent Dose

— Steady-State serum concentration (SDC is known)

Total Body Load (TBL) = SDC x Vg x weight

_ SDC(ng/mL) x5.6L/kg x W (KG)
- 1000

TBL (mg)

MW (50000)

Egimol fFab=TBLXx———————
gimolar dose of Fab X MW Digoxin (781)

=TBL x 64

1 vial Fap (40 mg) neutralizes 40/64 (or 0.6 mg digoxin)

Therefore, # Vials Fap* = ULEPE (i)
0.6
SDC (ng/ml) x WT (kg)
100

# vials Fab = [Digoxin]

SDC (ng/ml) x WT (kg)

1000 [Digitoxin]

# vials Fab =

— Amount ingested is known

[Digoxin]

Body load (mg) = Dose ingested (mg) [Digitoxin]; given a bioavailability of 100%
= Dose ingested (mg) x 0.8 [Digoxin]; given a bioavailability of 80%

— Amount ingested and SDC unknown

# vials (Fap) = 10, repeat 10 vials if clinically indicated (total 20 vials, adult, acute overdose)
chronic toxicity, SDC not known, give 6 vials (adult), 1 vial (children)

*Reconstitute each vial in 4 mL sterile water and administer total dose intravenously over 15 — 30 min. In

cardiac arrest dose can be given as a bolus.

digitalis toxicity secondary to the drug’s ex-
tensive tissue binding and large Vq.

Procainamide Toxicity

The pharmacokinetics of procainamide and
its major metabolite, N-acetylprocainamide
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(NAPRA), are significantly altered in patients
with chronicrenal failure. Theusual therapeu-
tic plasma concentrations of procainamide
range from 4 —8 mg/L and for NAPA, 9—-20
mg/L. Cardiotoxicity can occur with concen-
trations of procainamide as low as 10 mg/L
and is common at concentrations > 16 mg/L.
Plasma concentrations of procainamide be-
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tween 20 — 30 mg/L frequently cause serious
hypotension and conduction disturbances and
have been implicated in several deaths [64].
Combined levels of procainamide and NAPA
> 60 mg/L can cause severe cardiac toxicity,
profound hypotension and lethargy [65]. The
main route of elimination of procainamide
and NAPA is renal, with 60%and 80% ex-
creted unchanged, respectively.

In addition to renal failure, several drugs,
either by inhibiting the metabolism of procai-
namideor itsrenal excretion, or through phar-
macodynamic interactions, especially class
|A drugs, may increase the toxicity of procai-
namide. These include amiodarone, cimetid-
ine, quinidine, trimethoprim, calcium channel
blockers, and tricyclic antidepressants (TCA).

Treatment

Because procainamide and NAPA are sub-
stantially eliminated by the kidney, it isim-
portant to maintain adequate renal functionin
patients intoxicated with these drugs. Opti-
mizing cardiac function and aggressive treat-
ment of arrhythmias in the setting of procai-
namide toxicity is therefore crucial. Treat-
ment consists of Gl decontamination and sup-
portive therapy [66, 67]. Because of poten-
tially slow absorption, emesis or lavage and
charcoal should be used even many hours
after ingestion. Hypotension, bradyarrhyth-
mias, and seizures are treated with standard
measures. Bradyarrhythmias are managed
with isoproterenol or pacing (may require
higher than usual pacing voltage). Ventricular
tachyarrhythmias that cause hemodynamic
instability should be treated with lidocaine,
phenytoin, bretylium, or overdrive pacing.
NaHCOs or sodium lactate (1 mEg/kg by IV
bolus, every 5 — 10 min to achieve an arterial
of pH 7.4—7.45) may beeffectivefor tachyar-
rhythmias dueto class A drugs[68]. If asso-

ciated with hemodynamic stability, sinus
tachycardia usually requires no specific ther-
apy. If associated with hypotension or is
chemia, but not depressed conduction, sinus
tachycardiais treated with propranolol. Mild
hypokalemia (3 — 3.5 mEg/L) may be protec-
tive, and potassium levels = 3.0 mEg/L may
be best treated by close monitoring. For tor-
sades de pointes (polymorphous or atypical
ventricular tachycardia), magnesium sulfate
(4 gor 40 mL of 10% solution 1V asaninitial
dose) and overdrive pacing with isoproterenol
or electricity may be effective [69].

Seizures should be treated with IV admini-
stration of diazepam initially and then pheny-
toin (15 mg/kg 1V), at arate < 50 mg/min.

Patients with persistent hypotension and
bradycardiarequire monitoring of pulmonary
arterial pressure. Based on hemodynamic
monitoring, unstable patients are treated as
follows:

— if low cardiac output (CO) and low pul-
monary arterial wedge pressure (PCWP)
are present, give more crystalloid fluid;

— if low systemic vascular resistance
(SVR) is found give norepinephrine or
dopamine;

— if low COwith slow heart rate are present
treat with isoproterenol or epinephring;
and

— if low CO and normal or high PCWP
occur, use isoproterenol, dobutamine.
For intractable cardiogenic shock, car-
diac pacing, intra-aortic balloon pump
counterpulsation, and cardiopulmonary
bypass may be necessary.

Extracorporeal Therapy

Procainamide is extensively distributed to
body tissuesandisonly slightly (15%) protein
bound. A relatively small fraction of the total
amount of procainamide (Vq= 2.4 L/kg) inthe
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body is in the vascular compartment, so that
extracorporeal removal of thedrugisnot very
effective. In normal persons, the endogenous
clearance of thedrug is 8.6 — 9.8 mL/kg/min,
with at"? of about 2.6 — 3.5 hours; in ESRD
the clearance is reduced to 4.3 mL/min/kg
with aresultant t“?of 10— 14 hours. In healthy
persons, the clearance of procainamideis not
substantially greater than endogenous clear-
ance [68 mL/min by HD 6.4 by PD, and 75
mL/min by HP] [68, 70 — 72]. In contrast,
NAPA has a smaller Vg (1.4 L/kg) and mini-
mal protein binding (10%) and alower endo-
genous clearance of 3.1 mL/min/kg, so that
accelerated drug removal techniquesaremore
useful [65, 71, 72]. Clearanceof NAPA by HD
is68 mL/min, with HP 73 mL/min, and with
combined HD and HP it increases to 107
mL/min [67]. While the tY2 of procainamide
is increased to about 10 hours in ESRD, the
tY2 of NAPA (normal 6 hours) isincreased to
about 36 hours[65].

Whilethe amount of NAPA removed by HP
or HD might beasmall percentage of thetotal
body burden of the metabolite, potentially
fatal dysrhythmias may disappear during
these techniques [71, 73 — 76]. Thus a rapid
decrease in plasma NAPA during extracor-
poreal techniques can stabilize cardiac
rhythm independently of the total amount re-
moved.

Itisimportant during HD to avoid hypoten-
sion. Hypotension can decrease drug clear-
ance dueto decreased drug mobilization from
tissuesinto the blood secondary to decreased
tissue perfusion [74, 76].

The pharmacokinetics of procainamide and
NAPA would suggest that continuousremoval
would be more efficient. While clearances of
NAPA by continuous HD (20 mL/min) [77],
continuous  arteriovenous hemofiltration
(CAVHF) (10 mL/min) [78] and continuous
venovenous hemcfiltration CVVHF (28
mL/min) [78] are lower than acute HD for 4
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hours (54 mL/min) [79], or acute HD plusHP
(107—-117 mL/min) [79] or charcoa HPalone
(75 mL/min) [79], the total daily clearances
areequal (if not superior) with the continuous
techniques (29 — 37 L/day) [77, 78, 80] com-
pared to intermittent therapies (13—24 L/day)
[79].

Therefore, in conclusion, when the usual
routes of drug elimination of procainamide
and NAPA are depressed or absent, such as
when renal or hepatic faillure complicates
overdose with these drugs, or when extracor-
poresal circulation is used to support afailing
circulation, HD, HP, or a combination of HD
and HP or continuous therapies (CAVHF or
CVVHF) should be strongly considered.
More specificaly, extracorporeal therapy in
procainamide toxicity isindicated when:

— serum procainamide concentration are

>20mg/L and either seriouscardiovascu-
lar or renal failure exist [2];

— combined procainamide and NAPA con-
centrations are > 60 mg/mL (60 mg/L).
Thiscombined level usualy ispredictive
of serioustoxicity [65, 67].

Tricyclic Antidepressant
Intoxication (TCA)

TCA overdose is the leading cause of hos-
pitalization and death due to excessive inges-
tion of prescription drugs. Although acciden-
tal and intentional exposuresto TCAS repre-
sented only 1.8% of all poisoning cases re-
ported to the national poison centers during
the 1980s, they accounted for 43.8% of all
hospital admissionsfor poisoning, 18% of all
poisoning deaths, and for 24% of major mor-
bidity attributed to all sources of drugs or
chemicals [81]. Ironically, TCAs remain the
most frequently prescribed drugs to treat de-
pressed patientswho may be (or may become)
suicidal.
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Pharmacology and Toxicology

The TCAs are 3-ringed structures resem-
bling phenothiazines. They possess an-
ticholinergic, a-adrenergic blocking, and ad-
renergic uptake inhibiting properties [82].

The TCAs are rapidly and completely ab-
sorbed from the Gl tract, with peak plasma
concentrations occurring 2 — 8 hours after a
therapeutic dose. These agents are metabo-
lized to more polar forms by the liver; the
polar metabolitesare primarily excretedinthe
urine. Drug haf-life ranges from 24 — 76
hours at therapeutic levels, but may be much
longer after an overdose. Other factors that
can influence the severity of an overdose in-
clude:

— TCAsundergo enterohepatic recircul ati-
on, which prolongs the absorption and
toxic effects seen in an overdose situati-
on.

— Absorption of TCAs may be consider-
ably delayed in overdose due to their
anticholinergic effects.

— The TCAshavealarge V4 (10— 20 L/kg)
becausethey arelipophilic. They arealso
highly bound to plasma proteins (up to
95% hinding at physiologic pH). The
combination of a large Vg and protein
binding means that forced diuresis, dia-
lysis, and HP have no role in the mana-
gement of TCA overdose [82, 83].

— Concurrent ingestion of other drugs can
affect TCA handling. The catabolism of
ethanol, for example, generatesan excess
of reducing equivalents which diminish
the oxidative metabolism of TCAs. Neu-
roleptics, fluoxetine (Prozac), and toxic
hepatic metabolites of acetaminophen
alsoimpair TCA metabolism, potentially
increasing plasmadrug levels.

— Toxic hepatic metabolites of acetamino-
phen would delay TCA elimination.

— The elderly have slower rates of drug
elimination and are particularly suscepti-
bleto a TCA overdose.

Clinical Presentation

The presenting signs of a TCA overdose
include cardiac arrhythmias, hypotension,
and anticholinergic signs (hyperthermia,
flushing, dilated pupils, intestinal ileus, uri-
nary retention, and sinustachycardia) [82, 83,
84 — 86]. CNS involvement is also common.
Early signs, such as confusion, delirium, and
hallucinations, typically occur before the on-
set of seizures or coma. The physical exami-
nation may reveal clonus, choreoathetosis,
hyperactive reflexes, myoclonic jerks, and a
positive Babinski sign.

Cardiotoxic effects are responsible for the
mortality of TCA overdose. This usualy oc-
curs after the ingestion of > 1 g (10 — 20
mg/kg), which can lead to plasma levels >
1000 ng/mL [83]. Themost important el ectro-
physiologic action of TCAs is inhibition of
thefast sodium channel, leading to slowing of
phase 0 depolarization in His-Purkinje tissue
and the myocardium [82 — 84]. This toxic
effect, which is inhibited by NaHCO3 (see
below), slows conduction with resultant QRS
prolongation and the potential emergence of
reentry arrhythmias (such as ventricular
tachycardia, ventricular fibrillation, and tor-
sades de pointes).

As noted above, sinus tachycardia occurs
early in TCA overdose when anticholinergic
symptoms predominate. In the presence of a
wide QRS, however, sinustachycardiamay be
difficult to distinguish from ventricular tachy-
cardia

Hypotension and pulmonary edema are
other common findingsin TCA overdose. The
fall in blood pressure is due both to impaired
myocardial contractility and to decreased pe-

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - [I-13 27

11.13



Chapter Il - Dialysis

ripheral vascular resistance (PVR) induced by
o-adrenergic blockade [83, 84, 86, 87]. The
decrease in contractility also contributes to
pulmonary edema which can be exacerbated
by fluid overload. For this reason TCA toxic-
ity must be managed with only maintenance
fluid replacement (unless the patient is hypo-
tensive) and preferably with central hemody-
namic monitoring in the ICU [82, 83].

Treatment

Treatment of TCA overdose must be ag-
gressive from the outset. Initial therapy con-
sists of establishing airway and breathing,
continuous  electrocardiographic  (ECG)
monitoring, gastric lavage, and the admini-
stration of activated charcoal [82, 83, 87]. In
contrast, syrup of ipecac is contraindicated
with any TCA ingestion dueto the possibility
of rapid neurological deterioration and high
incidence of seizures.

Gastric decontamination can be considered
for up to 12 hours after ingestion because the
anticholinergic properties of these drugs de-
lay gastric emptying. TCAsinthegastrointes-
tinal tract arewell absorbed by activated char-
coa at a 10:1, charcoal-to-drug ratio. The
initial recommended dose of charcoal, 1 —2
mg/kg body weight, should be given with a
cathartic, such as sorbitol or magnesium cit-
rate [87]. This may be followed by an addi-
tional 2—3 dosesat intervalsof severa hours.
These doses can be given with water if cathar-
sis is adequate or with a cathartic if bowel
motility isminimal.

NaHCOs3

IV NaHCOs is the single most effective
intervention of the management of TCA car-
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diovascular toxicity [88 — 90]. Thisagent can
reverse QRS prolongation, ventricular ar-
rhythmias, and hypotension. Becauseacidosis
aggravates TCA toxicity, the beneficial action
of NaHCO3 may be partly due to correction
of acidosis. It isclear, however, that NaHCOs
administration is effective even when the ar-
terial pH is normal. The beneficial effect ap-
pears to be mediated by increases in both pH
and the plasma sodium concentration ([Na'])
[91]. Alkalinization to an arteria pH of 7.5,
for example, appears to reduce the incidence
of cardiac arrhythmias, and 1V NaHCO3 (ina
dose of 1 — 2 mEg/kg) is the treatment of
choice for sudden-onset ventricular tachy-
cardia, ventricular fibrillation, or cardiac ar-
rest. To maintain an arterial pH of 7.5, an IV
infusion of two 50 mL ampules of NaHCO3
(containing approximately 90 mEq of Na
HCO3z) in1L DsW isstarted in all comatose
patients, particularly those with a QRS dura-
tion > 0.10 sec (100 msec).

Arrhythmias

Lidocaineisthedrug of choicefor TCA-in-
duced ventricular dysrhythmias. However,
care must be taken to avoid precipitation of
seizures. In comparison, many antiarrhythmic
drugs should not be used with TCA over-
doses. Propranolol, for example, depresses
myocardial contractility and conduction,
while procainamide, disopyramide, and
quinidine, via membrane stabilizing effects,
may enhance TCA toxicity.

Hypotension

IV fluids are the preferred therapy in hypo-
tensive patients. Dopamine can be used if
needed becauseit hasbothinotropic and vaso-
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constrictor activity. On the other hand, sym-
pathomimetic vasopressor agents carry the
risk of precipitating tachyarrhythmias. Levar-
terenol is generally considered an adjunctive
pressor agent [83, 87, 92].

Seizures

Diazepam isthe drug of choice in the man-
agement of acute-onset seizures. Phenytoin or
phenobarbital may be used as second-line
drugs.

Physostigmine

Physostigmine, a short-acting cholinester-
ase inhibitor, has been referred to as the anti-
dote for TCAs because of its ability to in-
crease cholinergic tone and reverse an-
ticholinergic effects. It can, however, cause
severe bradycardia, seizures, and asystole by
overcompensating for cholinergic tone and
suppressing supraventricular and ventricular
pacemakers [93, 94]. In the aggregate,
physostigine-associated risks often outweigh
the benefits. As aresult, physostigine should
only be used in patients with coma or those
with convulsion or arrhythmias resistant to
standard therapy.
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