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Abstract

We report an atypical case of salicylate toxicity in a child without a reported exposure to aspirin, who present-
ed with coexisting methemoglobinemia and carboxyhemoglobinemia, and provide mechanistic theories as to
the potential pathway by which salicylates can lead to such dyshemoglobinemias. The patient, a 17-month old
male, presented to the hospital 10 h after six episodes of vomiting, tachypnea and hyperpnea. Laboratory val-
ues showed a mixed respiratory alkalosis and metabolic acidosis; however, the parent’s denial of aspirin expo-
sure, coupled with laboratory results indicating carboxyhemoglobinemia, methemoglobinemia and neutrophilic
leukocytosis, disguised a toxic salicylate level of 51.1 mg/dL. We searched the PubMed database for sources
of salicylate exposure using the terms: “salicylate exposure”, “salicylate toxicity”, “sources”, and an association
of salicylates with carboxyhemoglobinemia methemoglobinemia using those three terms. Furthermore, Google
Scholar and PubMed were used to search for biochemical literature explaining the association of salicylates with
red blood cell oxidation, methemoglobin and carbon monoxide formation. We discovered that the mechanism by
which high dose salicylates lead to carboxyhemoglobinemia and methemoglobinemia had not been previously
described. We propose that salicylates in high doses can induce a methemoglobinemia through increased vascu-
lar release of nitric oxide through induction of IL-1B and carboxyhemoglobinemia via lipid peroxidation, leading
to the release of carbon monoxide.

Introduction salicylate toxicities.> However, while the pathophysiology of sa-
licylate toxicity on acid-base balance is well-studied, the associa-
tion with carboxyhemoglobinemia and methemoglobinemia is not
well documented in the literature. We present a literature review
and proposed mechanism of salicylate’s interaction with interleu-
kin (IL)-1B and lipid peroxidation to form carbon monoxide and
nitrates, which theoretically can induce carboxyhemoglobin and
methemoglobin in vivo. This review is centered around a case of
a toddler who presented with severe salicylate toxicity, who pre-
sented with elevated levels of carboxyhemoglobin (1.1 g/dL) and
methemoglobin (1.3 g/dL) and who, despite having no exposure to
aspirin, had a toxic salicylate level (51.1 mg/dL).

Despite various measures taken to reduce unnecessary salicylate
exposure, salicylate toxicity remains prevalent amongst various
age groups. In 2013, more than 33,000 cases of salicylate exposure
were reported to the national poison database. As a result, 7,000
cases required treatment and unfortunately 29 deaths ensued.! As-
pirin is not the only source of salicylate and various other sources
exist, such as certain laxatives and herbal remedies that if taken in
high enough quantities can be toxic and even fatal in the pediatric
population. For example, a teaspoon of oil of wintergreen, a com-
mon herb found in many Chinese herbal medications, ointments
and flavoring agents, can be equivalent to 22 adult aspirin tablets.?

The pathophysiology of salicylate toxicity is very well delin-
eated, with multiple mechanisms leading to the pathognomonic
mixed respiratory alkalosis with metabolic acidosis seen in severe

Case report

The patient was a 17-month-old, fully vaccinated, Hispanic male,
who had been transferred to a pediatric hospital with the chief com-
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plaint of difficulty breathing and dehydration. He had no signifi-
cant past medical history. The patient’s symptoms had begun with
an insidious onset of vomiting episodes at night. He was afebrile,
and had non-bilious emesis 6 times before presenting for medical
evaluation at an adult hospital at 10 h after symptom onset.

At the time of initial medical evaluation, the patient was nor-
mothermic (36.8 °C), had a heart rate of 130, respiratory rate of
28, and decreased urine output. He was given 3,200 mL boluses
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Fig. 1. Visual representation of salicylate toxicity doses and the salicylate dose of the patient reported.

of normal saline, as well as Tylenol. His laboratory analysis re-
vealed a white blood cell (WBC) count of 15,600, with 65% neu-
trophils, platelet count of 524,000, bicarbonate of 15, and anion
gap of 18. Blood urea nitrogen, creatinine and electrolyte levels
were all within normal limits; lactic acid level was 1.1, and results
of urinalysis were unremarkable. The patient was transferred to the
pediatric emergency department for more advanced care.

At the time of admission to pediatric care, the patient’s tempera-
ture was 36.8 °C, heart rate was 146, respiratory rate was 32 with an
oxygen saturation of 99%, and blood pressure was 95/47. On exam,
he had tachypnea and hyperpnea, but had had no more vomiting
episodes. His labs revealed a WBC count of 19,300, with 74% neu-
trophils, an absolute neutrophil count of 14.4 K/uL and a platelet
count of 443,000. Venous blood gas analysis showed a pH of 7.36,
pCO, of 17 mmHg, bicarbonate of 9 mmoL/L, carboxyhemoglobin
of 1.1 g/dL (0.09-0.30 g/dL) or 7.7%, methemoglobin of 1.3 g/dL
(0.05-0.15 g/dL) or 9.1%, and a base deficit of 15.5 mmol/L. Car-
boxyhemoglobin and methemoglobin levels were analyzed per the
pediatric hospital protocol when arterial blood gases were drawn.
His electrolytes showed further abnormalities with an ionized calci-
um of 7.3 mEq/L, sodium of 141 mEq/L, potassium of 3.0 mEq/L,
and chloride of 119 mEq/L. Glucose was 68 mg/dL. Blood culture
was negative. Chest X-ray findings were consistent with reactive
airway disease, instead of a viral process, and respiratory polymer-
ase chain reaction study was positive only for Rhinovirus.

On initial presentation, the patient’s mother had denied that the
patient had any cough, runny nose, sick contacts, travel history, or
diarrhea. After further questioning regarding accidental ingestions,
she stated that the medications were impossible for him to gain ac-
cess, and that they had checked to make sure before they brought
him to the hospital. His blood gases and acid-base disturbance
(mixed respiratory alkalosis and metabolic acidosis) strongly sug-
gested ingestion of salicylate or iron supplements. Given these
findings, the patient was subsequently screened for salicylate tox-
icity, which showed toxic salicylate levels of 51.1 mg/dL (Fig. 1).

The patient was then admitted to the intensive care unit and
started on a bicarbonate drip to remove the salicylate from the
blood stream via ion trapping in the urine. The patient made a full
recovery and was discharged 3 days later. Appropriate follow up
showed a full recovery.

Discussion
Salicylate toxicity mechanism of action

Salicylate toxicity leads to a multifaceted change in the physiolog-

ic acid-base balance. Salicylates stimulate the brain’s respiratory
centers in the medulla, which leads to hyperpnea, tachypnea and
resultant respiratory alkalosis. Early signs of toxicity also include
vomiting through direct stimulation of chemoreceptor trigger zone
in the medulla, in addition to direct irritation of the gastric mucosa
and decreased production of prostaglandins, which have protec-
tive properties for the mucosal barriers. Dehydration from fluid
losses and sinus tachycardia can also be present. Furthermore, pa-
tients typically suffer from hyperthermia as a result of decoupling
of the oxidative phosphorylation.* Metabolic derangements, such
as inhibition of the Kreb’s cycle, contribute to eventual metabolic
acidosis. The culmination of these interactions leads to the pathog-
nomonic mixed respiratory alkalosis with metabolic acidosis seen
in severe salicylate toxicities.

Methemoglobin and carboxyhemoglobin toxicity levels

The levels at which increasing salicylate doses become toxic are
well described for both adults and infants, but not as extensively
for the age group in between. Our patient was a toddler, with an
age of 17 months, falling in between the bimodal distribution of
ages that the literature covers. According to a report by Sulotto et
al.,’ mean + SD carboxyhemoglobin values amongst adults were
3.25 + 1.45% in smokers and 1.34 + 0.8% in non-smokers, with a
wide variability in both subgroups, particularly among the smok-
ers.

In infants and newborns, carboxyhemoglobin levels vary by
multiple factors. One study dating back to 1962 by Oski et al.b
found that normal term infants had a mean carboxyhemoglobin
concentration of 0.42%. Infants with Rh incompatibility, on the
other hand, had elevations ranging from 2.6% to 11.9%. More re-
cent studies since Oski’s publication have reported levels of 2.38%
with a standard deviation of 0.35% in normal term infants,’” and an
elevation to levels of 3.64+0.83% in patients with jaundice due to
hemolytic disease, sharing a similar conclusion of elevated carbox-
yhemoglobin in infants undergoing hemolysis, albeit with a higher
mean value in the general population of Xiu-Hong ef al.’s study
compared to Oski ef al.’s study.

Methemoglobin levels amongst the general population are
normally 0.81% with a SD of 0.37% amongst adults, and are in-
fluenced by the country of inhabitants and smoking status. The
reported levels are lowest in non-smoking populations (0.66 =+
0.38%) and increase with moderate smoking (0.71 + 0.40%).5 The
literature on children tend to attribute a higher basal level of meth-
emoglobin compared to their adult counterparts. Retchetzki et al.®
found that in 6- to 10-year-old children, methemoglobin levels had
a mean of 4.61 with a range between 3.61 and 6.44.
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Fig. 2. Proposed mechanism of high-dose salicylate induction of carboxyhemoglobinemia.

Our patient had a carboxyhemoglobin of 1.1 g/dL (0.09-0.30 g/
dL) or 7.7% and methemoglobin of 1.3 g/dL (0.05-0.15 g/dL) or
9.1%, both highly elevated regardless of age group. Although we
have no direct evidence of causality, we have theorized potential
mechanisms by which severe salicylate toxicity can induce methe-
moglobinemia and carboxyhemoglobinemia.

Salicylate toxicity and carboxyhemoglobinemia

The association of salicylates with carboxyhemoglobin is not
clearly delineated. While a new class of NSAIDs with a salicylate
backbone derived from aspirin, or acetylsalicylic acid, has been
implicated in the production of carbon monoxide to deliver toxic
CO to malignant mesothelioma cells, very little other literature is
found that directly links salicylates to carboxyhemoglobin eleva-
tion.®

In rats, pretreatment with acetylsalicylic acid or sodium salicy-
late stimulates the metabolism of dichloromethane to carbon mon-
oxide, measured by an increase in carboxyhemoglobin levels in
the blood. This is thought to be attributed to a mechanism between
salicylates and cytochrome 2E1.10

Regarding the salicylate levels in our patient, many mecha-
nisms may be at play in his elevated carboxyhemoglobin level.
Aside from the proposed cytochrome 2E1 association, studies
have shown that at high concentration salicylates are capable of
peroxidizing lipids."" This peroxidation is linked to the produc-
tion of carbon monoxide.> We propose that as carbon monoxide
concentrations increase due to lipid peroxidation, a byproduct of
salicylate poisoning, a carboxyhemoglobinemia can begin to form

(Fig. 2).
Salicylate toxicity and methemoglobinemia

The link between salicylates and methemoglobinemia is also elu-
sive in the literature. However, recent studies in rats have demon-
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strated that biochemical pathways exist in vascular smooth muscle
cells that are triggered by salicylate-based drugs to up-regulate the
synthesis of nitric oxide (NO).!? This mechanism is believed to
involve cytokines such as IL-1B (Fig. 3).13

NO is, in turn, an important substrate for conversion of he-
moglobin to methemoglobin.!* This postulation is supported by
numerous incidents where life-threatening methemoglobinemia
has occurred post-NO therapy.'317 This NO-induced methemo-
globinemia phenomenon could be also explained in that the NO
production requires the conversion of NADPH to NADP+, in
which the former is required by the NADPH-dependent meth-
emoglobin reductase for the conversion of methemoglobin to
hemoglobin.'® Hence, extensive production of NO could reduce
the levels of NADPH low enough to impair the proper activity of
methemoglobin reductase.

Moreover, various drugs that share very chemical structure sim-
ilar to salicylic acid have already been reported to cause methe-
moglobinemia.!®2! For example, the two drugs that are shown to
cause methemoglobinemia, aminosalicylic acid and mesalazine,
both have the same structure as salicylic acid, except for an extra
amine group on the 4" and 5’ carbon, respectively (Fig. 4). There-
fore, the general structure of 2-hydroxybenzoic acid (salicylic
acid) could be the culprit functional group in causing methemo-
globinemia.

Conclusions

Mechanistically, high-dose salicylates leading to carboxyhemo-
globinemia and methemoglobinemia in a patient with severe sa-
licylate toxicity has not been previously described. Although we
do not have direct evidence of causality in this case, we have de-
scribed a novel mechanism for how salicylates in toxic doses can
potentially induce carboxyhemoglobinemia and methemoglobine-
mia. Toxic salicylate doses have been shown to induce IL-1, a
potent inducer of vasoconstriction, which results in the release of
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NO from the vasculature, which serves as a molecular inducer of
methemoglobinemia.'®!# Furthermore, regarding carboxyhemo-
globinemia, high-dose salicylates lead to the peroxidation of li-
pids, causing release of toxic carbon monoxide, a potent inducer
of carboxyhemoglobinemia.”!! Salicylate toxicity results in many
physiological changes, the most pathognomonic being a mixed
respiratory alkalosis and anion gap metabolic acidosis. A rare find-
ing, such as carboxyhemoglobinemia and methemoglobinemia
may be clinically confusing and potentially disguise a severe sa-
licylate toxicity to clinicians, which we hope can be avoided by
those who read this case.
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