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Aspirin Overdose
Aspirin overdose may be thought by some to be an “old” problem. While there are 

many other pain relief products on the market, and aspirin is generally avoided in 
children, aspirin overdose remains a serious problem. At times the diagnosis is not 
apparent, especially when aspirin is taken as part of a multi-drug ingestion. The 
presence of an unexplained acid-base abnormality may be the only clue. Treatment 
can be tricky and falls to the emergency physician to initiate. This article will serve 
as a comprehensive review of this “old” ingestion.

— Sandra M. Schneider, MD, FACEP, Editor

Background/Epidemiology
Salicylate poisoning remains a major clinical problem involving accidental 

ingestion in children and intentional overdose in adults. Aspirin may be found 
in combination with other agents such as narcotics, barbiturates, and caffeine. 
Although historically aspirin has been the most common cause of poisoning 
and death in children younger than 5 years of age, the incidence of salicylate 
overdose during the past two decades has significantly decreased.1,2 Poison con-
trol surveillance data now rank salicylate poisoning as the 13th most common 
fatal ingestion. This decrease may be due to the fact that pediatricians currently 
prefer acetaminophen/ibuprofen preparations, and the FDA limits baby ASA 
bottles to 36 tablets per bottle and mandates child-resistant caps. It is estimated 
that the use of child-resistant packaging for salicylate-containing medications 
has resulted in a 34% reduction in the salicylate-related child mortality rate.3 

Salicylism is the result of acute ingestion in about 60% of cases and chronic 
ingestion in the remaining 40%. There are several factors that work in concert 
to make chronic salicylate intoxication so common. The primary factor is aspi-
rin’s elimination pattern. As serum salicylate concentrations increase, the abil-
ity of the liver to metabolize the drug diminishes until predictable, first-order 
elimination kinetics (excretion is proportional to the salicylate concentration) 
are replaced by unpredictable, dose-dependent, zero-order (metabolic rate is 
constant) elimination. Also, much of the aspirin elimination is through urinary 
excretion of unchanged drug.4-6 Therefore, in the face of dehydration and 
decreased glomerular filtration, drug clearance is impaired. The purpose of this 
paper is to review the pathophysiology and management of salicylate poisoning 
that is of concern to the practicing emergency physician.

Although aspirin is the most common cause of salicylate poisoning, several 
compounds can cause similar toxic manifestations.7-9 Methyl salicylate (oil of 
wintergreen), generally meant for topical application, causes a disproportion-
ately high number of salicylate poisoning deaths when ingested or used topi-
cally in excess. The severe toxicity of this agent is related to its high salicylate 
content. A potentially lethal dose for a 2-year-old child is one teaspoon (5 cc) 
containing the equivalent of 6.9 grams of aspirin or almost 22 adult aspirin 
tablets. Bismuth subsalicylate (Pepto Bismol), an over-the-counter prepara-
tion containing up to 236 mg/15 mL of salicylate, is used in the treatment of 
diarrhea and prophylaxis for traveler’s diarrhea. There is a case report describ-
ing a 4-year-old who died after ingesting 3 ounces of Pepto Bismol.10 Dermal 
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salicylate formulations typically 
do not result in tissue penetration 
much deeper than 4 mm in human 
volunteer experiments. Significant 
amounts of salicylates typically are 
not absorbed through the skin 
except in select patients, such as chil-
dren and patients with compromised 
skin such as burn patients and those 
who apply salicylate medications to 
large surface areas.11-13 There is a 
case report of a newborn with ich-
thyosis who was treated with twice-
daily topical 20% salicylate ointment 
from day 1 through the 9th day of 
life who developed salicylate toxic-
ity (salicylate level on day 7 was 
119 mg/dL).14 The toxic effects of 
ASA, methyl salicylate, and sodium 
salicylate are qualitatively identical, 
so the following discussion applies to 
poisoning with any of these agents. 
Absorption of large, potentially 
lethal doses may be much slower 
than absorption of therapeutic doses, 
particularly due to salicylate-induced 
gastroparesis. Rectal absorption is 
slower and less complete in that 
only 60% of a therapeutic dose is 
absorbed. Enteric-coated formula-
tions designed to dissolve in the 
alkaline medium of the small intes-
tine may cause bezoars15 and prolong 
drug absorption.

Aspirin, primarily prescribed 
for its analgesic, antipyretic, anti-
inflammatory, and antiplatelet prop-
erties, is probably one of the most 
frequently used drugs in the world. 
More than 14,000 tons of aspirin 
is produced annually in the United 
States, and more than 200 drugs 
on the commercial market contain 

this ingredient. Although salicylate 
in the form of willow bark (Salix 
Alba) was used by Hippocrates 2500 
years ago for treating pain and fever, 
salicylates in the form of acetylsali-
cylic acid were introduced in 1899 
by Dresser. Three years later, the first 
adverse reaction to aspirin, in the 
form of angioedema, was reported 
in the literature. Salicylate may be 
combined with antihistamines and 
decongestants, or caffeine in cold 
and allergy preparations (e.g., Alka-
Seltzer, Bayer PM). Several products 
contain combinations of opiates and 
salicylates (e.g., fiorinal with codeine 
and Percodan®).7-9 

Aspirin poisoning remains a com-
mon concern in the practice of 
emergency medicine and is often 
under-reported and therefore not 
completely reflected in poison cen-
ter surveillance data.1,16,17 There 
were more than 20,000 aspirin/
non-aspirin salicylate medication 
exposures reported to U.S. poison 
centers in 2008, with 24 deaths and 
5,882 patients requiring hospital 
treatment.2 (Refer to 2008 Annual 
Report of the American Association 
of Poison Control Centers in the 
appendix.) Almost 80% of the 
reported exposures (4,793) were 
categorized as intentional over-
doses. The mortality rate for unrec-
ognized/undiagnosed patients 
admitted to the hospital who are 
subsequently found to have salicylate 
poisoning is estimated to be three 
times higher than if the diagnosis 
is made in the emergency depart-
ment.18 Thus, it is very important 
for the emergency provider to be 

familiar with the clinical spectrum of 
presentations of aspirin poisoning.

Among preschool children, 90% 
of the salicylate ingestion cases were 
managed at home, whereas only 31% 
of adolescents/adults were cared for 
at home. This difference is appar-
ently based on the fact that children 
accidentally ingest smaller amounts 
than do adolescents/adults who 
ingest the drug intentionally.19-21 
Similarly, hospitalization rates for 
children younger than 5 years of age 
were low, whereas those for adults 
were considerably higher (7% vs. 
26%, respectively).3

Salicylate readily crosses the 
placenta and is found in high con-
centrations in fetal plasma. In fact, 
the fetus may act as a “sink” for 
salicylate due to the fetal circulation 
being more acidic. Chronic maternal 
ingestion may be associated with 
an increased incidence of stillbirths, 
antepartum and postpartum bleed-
ing, prolonged pregnancy and labor, 
and lower birth-weight infants. 
There is no conclusive evidence that 
salicylate is teratogenic, but a case 
series described an increased inci-
dence of intracranial hemorrhage 
in infants whose mothers ingested 
aspirin during the last week of preg-
nancy.22 Nursing infants of mothers 
who take large doses of aspirin daily 
may receive considerable exposure 
not only due to increased intake of 
the drug but also because of slower 
elimination by the infant.19 However, 
therapeutic doses of aspirin taken by 
the mother are considered safe for 
the infant. 

The diagnosis of salicylate 

 � Methyl salicylate contains very high levels of salicylate 
and can be fatal if ingested or used in large amounts. 

 � The presence of primary respiratory alkalosis and meta-
bolic acidosis should suggest possible salicylate toxicity.

 � The Done nomogram has several limitations. It is not 
useful in chronic ingestions or in patients who ingest 
enteric-coated preparations. It cannot be used in the 
first 6 hours after ingestion.

 � Urine alkalinization helps to “trap” the salicylate in the 
urine and increases excretion. However patients with 
elevated levels or who have CNS findings may need 
hemodialysis. 

Executive Summary
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intoxication is often delayed because 
there is an accompanying illness23, 
the symptoms of which often are 
similar to those of salicylate intoxica-
tion. Illnesses that can be confused 
with salicylate poisoning include 
respiratory tract illnesses and gastro-
enteritis since these illnesses are often 
manifested by fever, nausea, vomit-
ing, and tachypnea, which are similar 
to those of aspirin poisoning. (See 
Table 1.)

Pathophysiologic Basis 
for Poisoning

Salts of salicylic acid taken at thera-
peutic doses are rapidly absorbed 
from the gastrointestinal tract, with 
appreciable serum concentrations 
achieved in 30 minutes and peak 
levels in 2-4 hours. Absorption of 
enteric-coated tablets is unpredict-
able, and peak salicylate concentra-
tions may occur as late as 6-9 hours 
after ingestion. Large oral doses 
of aspirin can delay gastric empty-
ing (gastroparesis) by several hours. 
In the circulation, salicylates are 
rapidly hydrolyzed to free salicylic 
acid, which is reversibly bound to 
serum albumin. Once albumin bind-
ing sites are saturated, a marginal 
increase in the dosage can result in 
a large increase in unbound salicy-
late. Salicylate half-life may approach 
15-30 hours with toxic doses.

The metabolic derangements 
induced by salicylate poisoning are 
multifactorial, but the principle 
pathophysiologic mechanisms in 
salicylate poisoning include direct 
stimulation of the central ner-
vous system respiratory center and 

interference with aerobic metabo-
lism by uncoupling mitochondrial 
oxidative-phosphorylation.24-26 This 
leads to the interruption of a series 
of enzyme-mediated mitochondrial 
functions and anaerobic metabolism 
with cellular conversion of pyru-
vate to lactate and the subsequent 
development of a lactic (metabolic) 
acidosis. The inefficiency of anaero-
bic metabolism results in less energy 
(ATP) being produced per gram of 
glucose and the release of energy in 
the form of heat, so a salicylate-toxic 
patient may be hyperpyretic. Note, 
however, that the absence of a fever 
does NOT rule out the possibility of 
salicylate toxicity. An increased pro-
duction of carbon dioxide occurs as 
well as increased oxygen use.

Interference with oxidative-
phosphoylation by salicylate will also 
impact glucose homeostasis nega-
tively by causing glycogen depletion 
via increased glycolysis and increased 
catabolism of free fatty acids and 
proteins (alternate energy sources). 
The end result is low serum glucose 
levels and central nervous system 
hypoglycemia relative to serum 
glucose levels (confirmed in animal 
studies).25 The metabolism of lip-
ids leads to increased formation of 
ketone bodies. 

The above-noted mechanisms 
result in a primary respiratory alka-
losis and a secondary metabolic aci-
dosis with occasional hyperpyrexia 
and hypoglycemia. The combina-
tion of respiratory alkalosis with 
metabolic acidosis, particularly in 
adults who ingest salicylate, pro-
duces an arterial blood gas that is 

almost pathognomonic for salicylism. 
Because these effects are so impor-
tant in the management of salicylate 
intoxication, it is essential to review 
the mechanisms associated with each. 
Stimulation of the CNS respiratory 
center seems to be a direct toxic 
effect of salicylates, independent of 
increased oxygen consumption or of 
carbon dioxide production associated 
with anaerobic metabolism. This 
respiratory stimulation is character-
ized by increases in both the depth 
and rate of respiration (Kussmaul 
respiratory pattern) resulting in 
hypocapnia and respiratory alkalosis.

Depending on the balance 
between these two pathophysiologic 
mechanisms, either or both respira-
tory alkalosis or the metabolic acido-
sis can be present. Early in the course 
of most adult salicylate poisonings, 
respiratory alkalosis is initially lim-
ited by compensatory mechanisms, 
including buffering by the hemo-
globin-oxyhemoglobin system, the 
exchange of intracellular hydrogen 
ions for extracellular cations, and the 
urinary excretion of bicarbonate. But 
in cases of severe poisoning in the 
pediatric population, especially those 
younger than 2 years of age, a mixed 
metabolic acidosis and respiratory 
alkalosis is often present, with the 
acidosis predominating presumably 
secondary to the early fatiguing of 
respiratory muscles. The dominant 
metabolic acidosis commonly seen 
in young children (which increases 
CNS salicylate levels) predisposes 
them to serious toxicity and is often 
associated with altered level of con-
sciousness. A common error at this 
stage of the poisoning is to misinter-
pret a serum pH of 7.4 as reflective 
of a stable patient. Patients with a 
pH of less than 7.4 with decreased 
pCO2 and low bicarbonate are dan-
gerously unstable and are likely to 
rapidly decompensate and develop 
end-organ injury.26

Initially, patients may have either 
transient or prolonged hyperglyce-
mia in response to failure of the tis-
sues to utilize glucose adequately.27,28 
Eventually, however, as supplies of 
glucose are depleted, hypoglycemia 
may develop. While hypoglycemia 

Table 1: Imitators of Salicylate Toxicity
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is a less common manifestation 
than hyperglycemia, it is found 
mainly in chronic salicylate intoxica-
tion or late in the course of acute 
intoxication.29-34

One well-recognized problem 
associated with salicylate intoxication 
is water and electrolyte imbalance, 
particularly hypokalemia. The rea-
sons for these imbalances include:

• increased metabolic rate and 
resultant heat production with 
diaphoresis;

• increased respiratory rate causing 
increased insensible water losses;

• organic aciduria with obligatory 
losses of sodium and potassium;

• emesis caused by the gastropa-
resis induced by a metabolic acidosis 
and stimulation of the medullary 
chemoreceptor trigger zone;

• increased renal excretion of 
sodium and potassium as a compen-
satory response to the respiratory 
alkalosis.

In addition to inhibiting platelet 
function (via salicylate inhibition of 
cyclo-oxygenase and reduction of 
prostaglandin formation), aspirin 
intoxication is associated with distur-
bances in clotting factor VII synthe-
sis, resulting in prolonged protime/
INR, although frank hemorrhage is 
notably uncommon. Mild elevations 
in hepatic enzymes are also com-
mon. Salicylate is a potential renal 
toxin, and non-oliguric renal failure 
may be caused by salicylate-induced 
decreased renal perfusion or direct 
nephrotoxicity. Oliguria may occur as 

a result of salicylate-induced SIADH. 
Tetany, caused by a decrease in ion-
ized calcium, may occur as a result of 
respiratory alkalosis.26

Tinnitus15,35 and hearing loss are 
common complaints in patients 
with salicylate intoxication and are 
associated with blood salicylate con-
centrations exceeding 30 mg/dL. 
Tinnitus or hearing loss often is the 
first symptom reported, although its 
absence cannot be reliably used to 
exclude the possibility of salicylate 
intoxication. Salicylate toxicity is 
characterized by a completely revers-
ible sensorineural hearing loss. This 
is a bilateral symmetrical loss of 30 
to 40 decibels for pure tones. One of 
the most remarkable features of deaf-
ness produced by salicylate intoxica-
tion is the speed with which hearing 
returns to normal, in contrast to 
other ototoxic drugs such as amino-
glycosides, which cause morphologic 
damage to the cochlea resulting in 
permanent hearing loss. The exact 
mechanism of salicylate-induced 
hearing loss is not known.

Lastly, salicylates cause an increase 
in pulmonary capillary perme-
ability resulting in noncardiogenic 
pulmonary edema. Cerebral edema 
may also occur. In adults, risk fac-
tors include age older than 50 years, 
cigarette smoking, chronic salicylate 
ingestion, metabolic acidosis, neuro-
logic symptoms, and salicylate level 
greater than 40 mg/dL. In children, 
risk factors include large anion gap, 
hypokalemia and low pCO2. Failure 

to recognize pulmonary edema 
as part of the salicylate toxidrome 
increases morbidity and mortality. 
From a study of the cause of death in 
salicylate intoxication, Hill36 pointed 
out that the salicylate level in the 
central nervous system tissue cor-
related with death better than any 
other variable measured in a canine 
model, leading to speculation that 
CNS salicylate intoxication might 
cause centrally mediated pulmonary 
edema. The exact cause of pulmo-
nary edema is obscure, but whatever 
the pathogenesis, health care provid-
ers should be aware that it is an often 
fatal yet potentially reversible compli-
cation of aspirin toxicity.

It is not surprising that salicylates 
are suspected of causing Reye’s syn-
drome.37 Salicylates were often used 
in children with Reye’s syndrome 
during the prodromal phase of their 
viral illness. The exact mechanism 
by which aspirin may cause Reye’s 
syndrome is not clear and is based 
largely on epidemiology. Because 
salicylate intoxication, particularly 
that which occurs during therapeutic 
dosing, and Reye’s syndrome occur 
in similar settings and have similar 
symptoms (emesis, hyperventilation, 
delirium, coma, respiratory alkalosis, 
and hypoglycemia) following a viral 
illness, clinical differentiation may be 
difficult.

The progression to death results 
when mitochondrial dysfunction and 
basement membrane leakage over-
whelm the compensatory capacity 
of the patient. This leads to marked 
metabolic acidosis with the devel-
opment of pulmonary and cerebral 
edema.37-39 Myocardial depression 
and hypotension secondary to aci-
dosis and volume deficit occur, and 
CNS depression with seizures sec-
ondary to hypoxia, hypoglycemia, 
and direct CNS toxicity preceded 
cardiopulmonary arrest. In two stud-
ies, 40% of the patients who died 
from salicylate poisoning arrived in 
the ED alert and decompensated 
subsequently.18

Clinical Presentation
Physiologic changes of aging pre-

dispose elderly patients to salicylate 

Table 2: Signs and Symptoms of Salicylate Intoxication
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toxicity. Decreased hepatic perfusion 
and decreased renal function reduce 
salicylate biotransformation and 
clearance. 

The initial clinical signs and symp-
toms, the estimated dose ingested, 
and the measurement of salicylate 
levels all serve to gauge the sever-
ity of a given acute aspirin poison-
ing.18,27,28,36,40-42 However, in chronic 
salicylism (ingestion of more than 
100 mg/kg/day over two days), 
the clinical picture is the most use-
ful guideline.29-34,42 Because of the 
nonspecific nature of symptoms 
with salicylism, the initial differ-
ential diagnosis is broad and may 
include considerations noted in 
Table 1. MUDPILES may serve 
as a useful mnemonic that lists the 
causes of high anion gap metabolic 
acidosis: methanol, uremia, DKA, 
phenformin, iron, isoniazid (INH), 
lactic acidosis, ethylene glycol, and 
salicylate.

Signs and symptoms of salicylism 
depend on the severity of intoxica-
tion. Acute ingestion of 150–300 
mg/kg is associated with mild 
symptoms, 300–500 mg/kg is asso-
ciated with moderate toxicity, and 
more than 500 mg/kg is potentially 
lethal.43,44

Patients who present with mild 
toxicity (serum concentration 
30–50 mg/dL and a blood gas 
analysis demonstrating isolated 
respiratory alkalosis) may only pres-
ent with modest hyperventilation 
and may be mistaken for emotional 
excitation/anxiety. GI irritation 
(anorexia/nausea/vomiting and 
dehydration/epigastric discom-
fort) may be present, and tinnitus 
may be overlooked. Vital signs are 
consistent with emotional agita-
tion with tachycardia and tachy-
pnea. Fever is uncommon. Clinical 
symptoms will be variable when 
more than one drug was ingested, 
such as aspirin formulations that 
contain CNS depressants, and may 
blunt the hyperventilation typically 
noted.18,27,28,36,40,41 With moder-
ate salicylate poisoning (serum 
level 50-100 mg/dL) more visible 
signs of toxicity, including fever, 
diaphoresis, and agitation appear. 
ASA-induced nephrotoxicity may 
occur in patients with prior history 
of nephropathy. With severe salicy-
late poisoning (serum level > 100 
mg/dL), signs and symptoms are 
primarily neurologic and consist of 
altered consciousness and seizures. 
Non-cardiogenic pulmonary edema 

and cerebral edema may appear 
in severe cases. In chronic salicyl-
ism, these same signs and symp-
toms appear at significantly lower 
levels.29-34

Emergency Department 
Evaluation of the 
Salicylate-poisoned 
Patient

Assessment of the victim of salicy-
late intoxication begins with an 
accurate history and addressing the 
adequacy of ventilation and perfu-
sion. Laboratory assessment is exten-
sive and includes serum salicylate 
concentration (every 3 hours until 
levels have peaked and are declin-
ing), electrolytes (every 3 hours 
until clinical improvement), blood 
gas repeated as needed, liver func-
tion tests, complete blood counts, 
prothrombin time, partial throm-
boplastin time, urinalysis, and an 
electrocardiogram. In the case of 
intentional ingestions, a compre-
hensive toxicology panel may be 
obtained with particular attention to 
acetaminophen, a common coinges-
tant that cannot be recognized by 
any other clinical means but testing. 
Consider obtaining a cranial CT scan 
for patient with altered mental status.

The characteristics of ASA make 
gastric decontamination particularly 
problematic. Gastric irritation and 
induction of nausea combine to 
put the salicylate-poisoned patient 
at substantial risk for vomiting and 
aspiration from any attempt at GI 
decontamination.45 Emergency 
practitioners must weigh the risk 
of aspiration versus the possible 
benefits from any method of gastric 
decontamination. Activated charcoal 
should be considered in any patient 
who presents within 2 hours of a 
significant ingestion, can adequately 
protect his or her airway, and has no 
alteration in mental status. Consider 
administering activated charcoal to 
patients with large ingestions who 
present after 2 hours, as salicylate 
absorption can be delayed and 
erratic. It may enhance postabsorp-
tive elimination of salicylates through 
gastrointestinal dialysis46-48, although 

Table 3: Pitfalls in the Emergency Department 
Management of Salicylate-poisoned Patients18
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this has not translated into improved 
morbidity and mortality. Given that 
multiple doses of activated charcoal 
are safe and well tolerated in awake 
patients and may result in lower total 
body burden of aspirin, it is reason-
able to recommend 25 grams in 
adults (0.5 gram/kg in children) of 
activated charcoal without sorbitol 
every four hours while the patient 
is being monitored with serum 
aspirin and blood gas measure-
ments. A study in adult volunteers 
given 1.9 grams of aspirin showed 
that 50 grams of activated charcoal 
given every 4 hours for three doses 
resulted in a significant decrease in 
salicylate absorption when compared 
with one or two doses of charcoal. 
Charcoal is contra-indicated if bowel 
sounds are absent, or if obstruction, 
bowel perforation, hematemesis, 
and/or shock are present. Whole 
bowel irrigation is not recommended 
in aspirin-poisoned patients because 
there is very little data to support 
its use and the available data does 
not demonstrate an improved out-
come.49-51 Gastric lavage has largely 
been abandoned in the manage-
ment of aspirin poisoning with the 
possible exception of patients with 
life-threatening overdoses who pres-
ent early in the course of the poison-
ing.52 Enteric-coated aspirin has the 
potential to form concretions in the 
stomach, and it is therefore reason-
able to consider gastric lavage with 
a large-bore endogastric tube if sub-
stantial ASA poisoning is suspected, 
and there is no likelihood of airway 
compromise.18

The aspirin nomogram, commonly 
referred to as the Done nomo-
gram53 after its creator Done, was 
first published in 1960. Data from 
pediatric patients who ingested a 
one-time dose of aspirin were plot-
ted over time to create an instrument 
to predict toxicity. To confirm the 
diagnosis of salicylate intoxication, 
a blood level should be obtained 
six hours or more after an acute 
ingestion or at any time chronic 
ingestion is suspected. Blood levels 
determined before six hours are 
still in the absorption-distribution 
phase of salicylate pharmacokinet-
ics, and although they may be useful 
in confirming a salicylate overdose, 
such early levels cannot be used as 
predictors of severity of poisoning. 
Several important limitations exist54 
with regard to the development of 
the Done nomogram that limits its 
generalizability, including:

• Patients who had polydrug 
ingestion were included in the analy-
sis, making the clinical correlation 
difficult to interpret. 

• The nomogram assumed an 
elimination half-life of 20 hours in 
all patients and did not allow for the 
change from first-order to zero-order 
elimination kinetics that occurs when 
serum levels exceed the elimination 
enzyme system. 

• Its utility is confined to the eval-
uation of patients with acute salicy-
late intoxication and it is not helpful 
in predicting the severity of chronic 
salicylate intoxication.

• It begins at 6 hours postinges-
tion, by which time the patient may 

have a significant serum salicylate 
concentration.

• Severity is best assessed by physi-
cal examination, and electrolyte and 
arterial blood glass analysis rather 
than by the nomogram.

• Levels may continue to rise for 
12 hours or more, especially with 
ingestion of enteric-coated products.

Although often accurate for the 
pediatric population19-21, the Done 
nomogram has been demonstrated 
to have very limited applicability 
for most aspirin-poisoned patients, 
and its routine use is discouraged. 
Symptomatic patients suspected of 
salicylate poisoning should have 
serial aspirin levels and blood gas 
analyses performed until a clear trend 
toward decreasing levels and meta-
bolic stability as described by the 
blood gas is present. 

A few drops of 10% ferric chloride 
added to 1 mL of urine will turn 
purple in the presence of even small 
quantities of ASA (not necessar-
ily toxic levels), although a positive 
qualitative result should be con-
firmed with a serum salicylate level. 
The FeCl test has a sensitivity of 
94%, a specificity of 75%, and a nega-
tive predictive value of 98% in detect-
ing salicylate in urine in patients 
with salicylate levels of > 30 mg/dL. 
There are many false positives. The 
phenistix turns brown when either 
salicylate or phenothiazines are pres-
ent in the urine, although the FeCl 
test is preferred as the color change 
is easier to detect (Micromedex 
Health Services).

Large bezoars55 of ingested 
enteric-coated aspirin tablets may 
or may not be visible on a radio-
graph, and the absence of opacity on 
an abdominal film is not adequate 
to rule out the presence of a large 
amount of salicylate in the gut.

Treatment of the 
Salicylate-poisoned 
Patient

Therapeutic endeavors embrace 
three objectives: prevention of fur-
ther salicylate absorption, correction 
of fluid and electrolyte abnormali-
ties, and reduction of tissue salicylate 

Table 4: Assessment of Severity of Salicylate Intoxication 
Based on the Estimated Dose Ingested
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levels by increasing renal excretion. 
Initially hyperthermia should be 
treated with external cooling. Most 
patients who have consequential 
aspirin overdose will be volume defi-
cient, and volume resuscitation with 
alkalinized intravenous fluids should 
be initiated early in the course of 
management. Alkalinization of the 
urine appears to act as a “trap” 
increasing salicylate excretion. If 
dehydration is significant, then fluid 
boluses of 20 mL/kg should be 
administered with care to prevent 
the precipitation of pulmonary/cere-
bral edema, particularly in patients 
with severe intoxication. Patients 
who develop worsening respiratory 
function consistent with pulmonary 
edema should have their hydration 
and urinary alkalinization interrupted 
and should be evaluated immediately 
for hemodialysis. Recommended 
alkalinizing fluid consists of placing 
three 50 cc ampoules (150 cc total 
volume) of NaHCO3 (43 mEq Na/
ampoule) into a liter of 5% dextrose 
(the resulting solution should have 
132 mEq of sodium, which is essen-
tially the same sodium as normal 
saline) and infuse at 2-3 mL/kg/
hour for the first two hours with 
subsequent adjustments of the dose 
and monitoring to maintain the 
urine pH at greater than 8. This will 
substantially enhance the elimina-
tion of salicylates and promote brisk 
urine output.4-6 Urinary alkaliniza-
tion shortened the half-life by 48% 
compared to a control group and 
43% compared to activated charcoal 
alone.6 A total of 20-40 mEq of KCl 

per liter should be added to prevent 
hypokalemia unless the patient is 
anuric. The following illustrates the 
rationale for alkalinization of the 
urine:

HSal <=> H+ + Sal-

NaHCO3 <=> Na+ + HCO3
-

Salicylate in its undissociated 
form readily moves from the tis-
sue/intravascular compartments. 
Alkalinization of the urine favors the 
movement of salicylate from the tis-
sue/intravascular sites to the urine 
and decreases tubular reabsorption of 
ionized salicylate back into the intra-
vascular compartment (this is termed 
“ion trapping”). Of importance is 
the recognition that urine alkaliniza-
tion cannot be accomplished until 
potassium depletion has been cor-
rected because hypokalemia increases 
reabsorption of potassium and excre-
tion of hydrogen ion in the proximal 
renal tubules. Forced diuresis does 
not necessarily enhance salicylate 
excretion more than the clearance 
accomplished by alkalinization alone. 
Therefore, fluids are given as needed 
to restore normovolemia and to 
produce 1-2 mL/kg/hour of urine. 
Both urine alkalinization and repeti-
tive oral charcoal should be contin-
ued until salicylate concentration falls 
below 30 mg/dL. Alkalinization is 
a potentially dangerous treatment, 
and meticulous monitoring of urine 
output, serum pH (many authors 
recommend limiting serum pH to no 
higher than 7.55), serum potassium 
and calcium, and mental and pulmo-
nary status should be performed.

Patients with a salicylate level 

greater than 30 mg/dL and symp-
toms should be treated with uri-
nary alkalization. The presence of a 
large anion gap metabolic acidosis 
or altered mental status indicates a 
more severe poisoning.

Salicylate-intoxicated patients who 
have depressed mental status pos-
sibly from cerebral hypoglycemia, or 
coingestants who require endotra-
cheal intubation56 and mechanical 
ventilation present a conundrum 
for emergency practitioners because 
positive pressure ventilation simply 
cannot maintain the respiratory rate 
and metabolic demands of a seri-
ously salicylate-poisoned patient. 
Salicylates in solution have a pKa of 
approximately 3.5. Consequently, 
an acidic environment favors the 
nonionized state and thus facilitates 
the ability of salicylate to cross the 
blood-brain barrier. Hemodynamic 
instability and worsening acid-base 
status will be the consequence. 
Although there is little in the medi-
cal literature that directly addresses 
this critical clinical phenomenon, it 
is imperative that health care provid-
ers who treat salicylate-intoxicated 
patients be aware that endotracheal 
intubation may have deleterious 
effects in the setting of aspirin poi-
soning. Because suppression of the 
patient’s respiratory drive can be rap-
idly life-threatening in this setting, it 
is recommended that endotracheal 
intubation be withheld unless abso-
lutely necessary. Once the patient is 
near cardiorespiratory arrest, acidosis 
is usually predominating and the 
shock-seizures-death sequence may 
not be avoided. Intubation is a deci-
sion that is hard to make in this set-
ting, even for experienced clinicians. 
Even is such cases, it is essential that 
the patient be manually ventilated as 
rapidly as possible to try to prevent a 
precipitous decline in serum pH and 
consequent rush of salicylate into the 
brain. Avoid administering respira-
tory depressants and treat seizures 
aggressively to prevent precipitating 
the development of “acidemia.” It is 
imperative that respiratory alkalosis 
be maintained.

A final area of controversy is 
when patients with salicylism 

Table 5: Effectiveness of Hemo/Peritoneal Dialysis in 
Clearing Salicylate 
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should undergo hemodialysis.57 
Hemodialysis should be reserved 
for seriously ill patients. 
Hemodialysis rapidly increases 
salicylate clearance and corrects 
acid-base, fluid, and electrolyte dis-
turbances. It remains the procedure 
of choice to treat severe salicylate 
intoxication. In an animal model, 
exchange transfusion removed 
approximately 18%, peritoneal 
dialysis removed about 15%, and 
hemodialysis removed about 50% 
of a standard intravenous dose of 
125 mg/kg of sodium salicylate.

Indications include:
• serum salicylate level > 100 mg/

dL after an acute ingestion;
• serum salicylate level > 50 mg/

dL after a chronic ingestion;
• severe acidosis or other electro-

lyte disturbance refractory to optimal 
supportive care (regardless of serum 
ASA concentration);

• evidence of end-organ injury 
(seizures, pulmonary edema, 
renal failure, persistent neurologic 
dysfunction);

• consider for patients who require 
intubation unless the indication 
for mechanical ventilation is respi-
ratory depression secondary to a 
coingestant;

• progressive deterioration despite 
standard treatment;

• inability to tolerate NaHCO3 
secondary to renal insufficiency, pul-
monary edema, or congestive heart 
failure.

Patients may have metabolized 
their ASA and have a low measured 
serum concentration of salicylate, but 
they still may benefit from hemodi-
alysis to remove the by-products of 
mitochondrial poisoning. The clini-
cal condition of the patient is more 
important than the serum salicylate 
concentration in determining the 

need for hemodialysis, especially 
in patients with chronic toxicity or 
delayed presentation after an acute 
overdose.

A four-month-old was treated 
successfully with double volume 
exchange transfusion after persistent 
salicylate toxicity.58 The procedure 
reduced the salicylate concentration 
from 70 mg/dL to 34 mg/dL in 8.5 
hours, and all laboratory parameters 
normalized within 48 hours. The 
elimination rate in a toddler attribut-
able to the exchange transfusion was 
152 mL/hr.

Treatment of Acute 
Salicylate Poisoning52

1. GI decontamination/activated 
charcoal

2. Repeated doses of activated 
charcoal

50–100 grams loading dose
25–50 grams q 2 hours

Table 6: 2008 Annual Report of the American Association of Poison Control Centers’ 
National Poison Data System
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3. Treat dehydration — maintain 
urine output at 1–2 mL/kg/hr 
(consider Foley placement to moni-
tor fluid status)

4. Correct potassium depletion
5. Alkalinize urine 
150 cc NaHCO3 into a liter D5W 

and infuse at 2-3 mL/kg/hour
Monitor pH (do not cause sys-

temic alkalosis)
6. Consider hemodialysis.

Patient Disposition
In cases of chronic intoxica-

tion, low serum salicylate levels can 
accompany severe degrees of salicyl-
ism. Symptom severity determines 
admission. The mortality rate for 
chronic salicylate intoxication is 25% 
compared with a mortality rate of 1% 
in acute salicylate intoxication.29

Emergency Department 
Management: Patients with minor 
symptoms (nausea/tinnitus) fol-
lowing an acute overdose may be 
managed in the ED with decon-
tamination and alkaline diuresis if 
the salicylate level is shown to be 
declining.

Home Criteria: Inadvertent 
ingestions of a single dose of less 
than 150 mg/kg in children who are 
asymptomatic.59

Admission Criteria: Patients 
with a rising or non-declining 
salicylate level, metabolic acidosis, 
or altered mental status should 
be considered for intensive care 
management. Admission should 
be strongly considered regardless 
of the salicylate level or symptoms 
in children younger than 2 years 
of age, the elderly, or when the 
ingestion includes enteric-coated 
tablets.59

Observation Criteria: Patients 
with intentional ingestions and those 
with unintentional ingestion greater 
than 150 mg/kg should be observed 
until salicylate levels are shown to 
decline and mild to moderate symp-
toms resolve. For children younger 
than 6 years of age, ingestions 
greater than a lick of oil of winter-
green should be observed.59

In any case of intentional over-
dose, psychiatric evaluation is essen-
tial, and social work consultation 

should be seriously considered in 
pediatric and geriatric cases of salicy-
late poisoning. Lastly, the poison 
center (1-800-222-1222)/clinical 
toxicologist in your community is 
an important resource that can assist 
in the management of these difficult 
patients.

Summary
Aspirin carries both significant 

adverse effects in therapeutic doses 
and a substantial risk in overdose for 
which there is no antidote. Acute 
overdose in preschool children is 
generally a relatively benign condi-
tion, although intentional ingestions 
of ASA, as in attempted suicide, are 
more serious. Its risk-benefit profile 
is probably the poorest of all anal-
gesics currently available over the 
counter. Emergency physicians must 
have a healthy respect for the erratic 
and unpredictable absorption and 
elimination kinetics of ASA and the 
devastating physiologic effects of 
ASA overdose. Consultation with 
the regional poison control center 
is advised to assist with the manage-
ment and follow-up of all poisoned 
patients.
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Physician CME Questions

21. The most toxic preparation based upon 
available concentration of the salicylate 
component is:
A. acetylsalicylic acid
B. methyl salicylate
C. bismuth subsalicylate
D. salicylate-containing liniments

22. Most preschool children with acci-
dental aspirin ingestions will require 
hospitalization.

CME Instructions
Physicians participate in this continuing medical education program by 

reading the article, using the provided references for further research, and 
studying the questions at the end of the article. Participants should select what 
they believe to be the correct answers, then refer to the list of correct answers 
to evaluate their knowledge. To clarify confusion surrounding any questions 
answered incorrectly, please consult the source material. After completing this 
activity, you must complete the evaluation form that will be provided at the end of 
the semester and return it in the reply envelope provided to receive a credit letter. 
When your evaluation is received, a credit letter will be mailed to you.
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• recognize specific conditions in patients presenting to the emergency 

department; 
• apply state-of-the-art diagnostic and therapeutic techniques to patients 

with the particular medical problems discussed in the publication; 
• discuss the differential diagnosis of the particular medical problems dis-

cussed in the publication; 
• explain both the likely and rare complications that may be associated with 

the particular medical problems discussed in the publication.
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A. true
B. false

23. The most significant metabolic derange-
ment caused by ASA is:
A. It interferes with cyclo-oxygenase.
B. It interferes with oxidative phos-

phorylation in the electron transport 
system.

C. It interferes with the urea acid cycle.
D. It interferes with glycolysis.

24. An adult patient with a respiratory rate of 
28 and a diminished level of alertness, on 
supplemental oxygen has the following 
ABG: pH 7.4; pO2 507; pCO2 24. He:
A. may be discharged because the pH is 

normal
B. should be admitted
C. should emergently be considered a 

candidate for the administration of 
emetics and activated charcoal

D. is not a candidate for urine alkaliniza-
tion 

25. The classic acid-base derangement in an 
aspirin poisoned patient is:
A. respiratory acidosis/metabolic acidosis
B. respiratory alkalosis/metabolic alkalo-

sis
C. respiratory acidosis/metabolic alkalo-

sis
D. respiratory alkalosis/metabolic acido-

sis

26. Since aspirin is an antipyretic, toxic doses 
cause hypothermia.
A. true
B. false

27. A patient with aspirin toxicity develops 
tachypnea, hypoxia, and dyspnea. Which 
of the following statements is true?
A. Mechanical ventilation with low levels 

of PEEP is beneficial.
B. Mechanical ventilation may lead to 

decreased tissue (brain) levels of the 
drug.

C. Mechanical ventilation may lead to 
worsening respiratory alkalosis.

D. Mechanical ventilation helps increase 
urinary excretion of the drug.

28. The following aberrations in laboratory 
results are seen with aspirin toxicity except:
A. elevated protime time
B. elevated AST/ALT
C. hypoglycemia
D. hypokalemia
E. white blood cell count of 25,000

29. The following toxins can cause a high 
anion gap metabolic acidosis:
A. aspirin
B. iron
C. isoniazid
D. all the above

30. The ability to alkalinize urine may be dif-
ficult in the patient with:
A. hypercalcemia
B. hypokalemia
C. coingestion of acetaminophen
D. hypoglycemia

CME Answer Key
21. B; 22. B; 23. B; 24. B; 25. D; 26. B; 27. C; 28. E; 
29. D; 30. B
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benefit from all of this:
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page highly specialized newsletter focusing on emergency care 
of adult and pediatric patients with moderate and severe trau-
matic injuries.

PLUS! Exclusive “Subscriber-Only” Web Access, which 
includes:

• Emergency Medicine Reports Podcast: A downloadable audio 
file with comprehensive coverage from a recent issue of the 
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• Pharmacology Watch: A monthly recap featuring the latest 
FDA actions and warnings.
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Exclusive to our subscribers Rapid Access Management Guidelines

Aspirin Overdose

Imitators of Salicylate Toxicity

Signs and Symptoms of Salicylate 
Intoxication

Pitfalls in the Emergency Department  
Management of Salicylate-poisoned Patients

Assessment of Severity of Salicylate Intoxica-
tion Based on the Estimated Dose Ingested

• Encephalitis
• Diabetic ketoacidosis
• Alcoholic ketoacidosis
• Psychosis
• Seizures
• Pulmonary edema
• Sepsis
• Altered mental status
• Iron intoxication
• Ethylene glycol, methanol, isopropyl alcohol ingestion
• Acute renal failure

• Nausea/vomiting
• Tinnitus (ototoxcity)
• Hyperpnea
• Hyperpyrexia
• Altered level of consciousness
• Convulsions
• Hypo- or hyperglycemia
• Electrolyte imbalances (esp. hypokalemia)
• Acidemia
• Hypothrombinemia
• Altered hepatic (Reye’s syndrome)/renal function tests

Reprinted with permission from Temple A. Acute and chronic effects of aspirin toxicity 

and their treatment. Arch Intern Med 1981;141:364-369. Copyright © 1981 American 

Medical Association. All rights reserved.

• Failure to recognize the presence of salicylate toxicity
• Failure to appreciate the presence of continued absorption of 

salicylate
• Single determinations of salicylate levels are not suffi cient 

because absorption may be delayed/erratic
• Misinterpretation of low serum salicylate levels as nontoxic
• Waiting until serum salicylate levels are determined before 

beginning urinary alkalinization
• Accidentally adding bicarbonate to isotonic saline (creating a 

hypertonic solution) rather than 5% dextrose solution to alkalinize 
the urine

• Forgetting to add potassium to the alkalinizing solution
• Failure to recognize the emergent need for hemodialysis on the 

basis of impending end-organ injury
• Prematurely intubating a patient without recognizing the need for 

hyperventilation
• Prematurely discharging patients without demonstrating declining 

salicylate levels and the absence of an aspirin bezoar
Reprinted with permission from: O’Malley GF. Emergency department management of 

the salicylate poisoned patient. Emerg Med Clin North Am 2007;25:333-346.

Ingested Dose (mg/kg) Estimated Severity
< 150 No toxic reaction expected

150-300 Mild toxic reaction

300-500 Serious toxic reaction

> 500 Potentially lethal
*Some institutions report salicylate level as mg/dL, and some report it as 
mg/L. This represents a 100-fold difference and must be recognized. 
Reprinted with permission from Temple A. Acute and chronic effects of aspirin 

toxicity and their treatment. Arch Intern Med 1981;141:364-369. Copyright © 1981 

American Medical Association. All rights reserved.
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of Thompson Media Group LLC, Atlanta, GA. Editors: Sandra M. Schneider, MD, FACEP, and J. 
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Effectiveness of Hemo/Peritoneal Dialysis in 
Clearing Salicylate

2008 Annual Report of the American Association of Poison Control 
Centers’ National Poison Data System

Drug # Cases Age < 6 
yrs

Age 6-19 
yrs

Age > 19 
yrs

Adverse rx Tx in 
Hospital

No health 
problems

Minor/ 
moderate 
health 
problems

Major 
health 
problems

Death

ASA – 

adult 

formula

7208 1733 1021 1272 81 2077 1027 1020 61 8

ASA– Ped 

formula

867 431 94 34 16 98 176 21 10 0

ASA – 

unknown 

formula

10290 1711 1442 2065 126 3245 1170 1831 108 16

ASA with 

other 

drugs 

– adult 

formula

1676 341 138 429 59 356 207 231 14 0

ASA with 

other 

drugs 

– adult 

formula

12 7 3 0 0 3 8 1 0 0

ASA with 

narcotics/ 

narcotic 

analog

239 23 74 49 13 64 30 42 0 0

Adapted from: Bronstein A, Spyker D, et al. 2008 Annual Report of the American Association of Poison Control Centers National Poison Data 
System. Clin Toxicol 2009;47:911-1084.

Procedure Approximate Half-life 
During Procedure

Approximate 
Clearance During 
Procedure

Hemodialysis 3.5 hours 86 mL/kg/hr 
(Jacobsen 1998)

Peritoneal dialysis 
w/o alkalinization

16 hours 10 mL/kg/hr 
(Summitt 1964)

Peritoneal dialysis 
with alkalinization

5 hours 28 mL/kg/hr 
(Summitt 1964)

Adapted from Micromedex


