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Abstract: Cough and cold symptoms (CCS) are common pediatric conditions often treated with over-the-counter (OTC) medications.
However, the available knowledge regarding the safety and toxicity of these medications in children is inadequate. Therefore,
understanding their clinical toxicology is crucial for safeguarding children’s well-being. This narrative review highlights the
importance of clinical toxicology in evaluating the safety and toxicity profile of OTC medications for treating CCS in pediatric
patients. The pharmacology, clinical features, and adverse effects of various drug classes commonly found in cough and cold
medications are briefly discussed. Pharmacokinetic and pharmacodynamic parameters are also examined to understand the interactions
between these drugs and the body. OTC cough and cold medications often contain active ingredients such as antihistamines,
decongestants, antitussives, expectorants, and analgesics-antipyretics. The combination of multiple ingredients in these products
significantly increases the risk of adverse effects and unintentional overdoses. Several case studies have reported significant toxicity
and even fatalities associated with the use of these medications in children. This review underscores the critical importance of clinical
toxicology in evaluating the safety and toxicity profile of OTC medications employed for treating CCS in pediatric patients. The
findings highlight the significance of informed clinical practice and public health policies to ensure the well-being of children using
OTC cough and cold medications.

Keywords: bromhexine, chlorpheniramine maleate, dextromethorphan, glyceryl guaiacolate, paracetamol, pseudoephedrine

Introduction

Cough and cold symptoms (CCS) refer to upper respiratory tract infections commonly characterized by nasal congestion
(sometimes accompanied by rhinorrhea), coughing (usually caused by inflammation of the lower respiratory tract), and
throat discomfort." CCS are prevalent pediatric conditions,> causing parents and caregivers to choose over-the-counter
(OTC) medications as the solution.*” OTC medications refer to non-prescription drugs that are available without
prescription.® A cross-sectional study conducted by Slack-Smith et al on the prevalence of medication use among
children attending daycare found that 73% of the children had received OTC medications.” OTC medications, such as
paracetamol,® pseudoephedrine,” dextromethorphan,'® chlorpheniramine maleate (CTM),'" phenylephrine,'* phenylpro-
panolamine (PPA),"® guaifenesin or glyceryl guaiacolate,'* and bromhexine,'® are commonly used for CCS treatment

with some preparations containing a combination of two or more of these drugs,'® which can be beneficial when

administered properly. The goal of therapy is to reduce symptoms, thus improving the recovery period.'”'®
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A study examining 6552 cases described that products containing diphenhydramine and dextromethorphan were
associated with the majority of hospital admissions in healthcare facilities. Remarkably, diphenhydramine displayed the
highest admission rates and was the sole ingredient to exhibit a consistent increase over time.'” The yearly revenue for
OTC medications in the United States is around $3.5 billion, with a weekly administration of about 4 million children.?
A study mentioned that of 178 reported deaths, 28% of them were related to OTC medications.”’ OTC medications are
marketed under monograph guidelines that do not necessitate pre-market reviews of their ingredients and may include
excipients in prescription items, whose formulations differ from those approved through New Drug Applications
(NDAs).**> Moreover, in November 2022, Gambia recorded 70 fatalities among children under the age of five which
have been linked to the contaminated anti-histamine and cough-and-cold syrups.”> Similarly, in Indonesia during the
same year, a significant increase in cases of acute kidney injury among children was reported, with 199 deaths due to the
contaminated local syrup products containing traces of diethylene glycol (DEG) or ethylene glycol (EG).>> Therefore,
understanding the safety and toxicity profile of these medications is of utmost importance in safeguarding children’s
well-being.

Clinical toxicology serves as a vital field for assessing the adverse effects of medications and chemicals in humans.**
Research focusing on pediatric hospital admissions related to poisoning indicates that children under the age of five
comprise a substantial majority, accounting for approximately 86% of all child poisoning admissions. The peak incidence
of poisoning cases occurs at the age of 2 years.”> One of the most common poisoning agents was cough and cold
medications.”® Wang et al reported that among the 3134 cases reviewed, 65.9% experienced adverse events resulting
from accidental unsupervised ingestions, which were deemed to be, at the very least, potentially associated with
a constituent of cough and cold medications.”” Considering the specific focus on OTC cough and cold medications,
clinical toxicology assumes particular importance in assessing their safety in pediatric patients. However, the existing
knowledge regarding the clinical toxicology and safety evaluation of these OTC medications is limited.*®

Children are particularly vulnerable to OTC medication poisoning due to their developing physiology and immature
drug metabolism and excretion systems.?**° Furthermore, improper or excessive use of OTC medications in pediatrics
may lead to significant risks of adverse effects. Wang et al noted that cough and cold medication errors, particularly those
containing diphenhydramine and dextromethorphan, were frequently linked with volume miscalculations by the caregiver
administration.”’

Therefore, this review aims to highlight the importance of clinical toxicology in evaluating the safety and toxicity
profile of OTC medications for treating CCS in pediatric patients. Additionally, two case studies will be presented to
provide a real-world example of a child who experienced adverse effects from OTC cough and cold medications.
Furthermore, the importance of clinical toxicology in assessing the safety and toxicity profile of OTC cough and cold
medications cannot be overstated, as it provides a valuable framework for understanding the risks and benefits of these
medications, informing clinical practice, and shaping public health policy.

Pharmacology
Medication utilization remains prevalent among children aged 0—18 months. According to the study conducted in Indonesia
by Thobari et al in 2020, approximately 82.2% of 1621 pediatric patients were using at least one medication during the 18-
month follow-up period, including cough and cold medications accounting for 13.5%.>* Cough and cold medications
contain active pharmaceutical ingredients (APIs), that are given as a single component or in combination, and are intended
to relieve some or all symptoms.>® The most common medication used to treat CCS is a combination of several drugs,
including CTM (58.8%), paracetamol (56.5%), guaifenesin (50.6%), pseudoephedrine (28.2%), dextromethorphan (22.4%),
and bromhexine (9.4%), with a total of approximately 250 brands.>* > Of these, about 31.2% (78 brands) are included in
the category of G (Gevaarlijk which means dangerous or harmful) list of drugs. These G-category drugs can be authorized
with a prescription scribbled by a medical practitioner. The rest (roughly 68.8%) are cough and cold medicine products that
fall into the category of OTC drugs.”>>> The drugs commonly found in many cough and cold medications consist of
antihistamines, decongestants, antitussives, expectorants, analgesics-antipyretics, and a combination of these medications.*
Antihistamines are compounds that act as antagonists of histamine receptor type H1 (HI1R), a member of the superfamily
of G-protein-coupled receptors (GPCRS).3 ® H1R-antihistamines inhibit HIR on blood vessels in the nose and compete with
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histamine to bind to those receptors, thus aiming to overcome symptoms such as sneezing, rhinorrhea, and watery eyes.*
Some commonly used first-generation antihistamines include CTM, diphenhydramine, mepyramine, and promethazine.
However, Cochran’s meta-analysis concluded that the use of a single antihistamine was not significant in clinically reducing
symptoms of sneezing and rhinorrhea, nor did it provide subjective improvements in either children or adults.**

Decongestants are medications that function as stimulants of adrenergic alpha-1 receptors. Pseudoephedrine and
ephedrine are examples of decongestants that are often used in various types of cough and cold medications.
Decongestants work by reducing mucous membrane secretion and swelling in the nasal passages, effectively relieving
nasal congestion and facilitating unobstructed breathing through the nose. However, it is important to note that
decongestants can also cause vasoconstriction in other parts of the body. Therefore, the use of decongestants is not
recommended in individuals with uncontrolled hypertension, hyperthyroidism, as well as heart diseases.>*

Antitussives are medications that have a central mechanism of action that involves suppressing the cough center in the
medulla part of the brainstem. Codeine and dextromethorphan are commonly used antitussives. However, because of its
potential for abuse, codeine is classified as a narcotic drug in Indonesia, although when it is used in antitussive doses, it
shows no addictive effects. Dextromethorphan is the D-isomer of levo-phenol,’” that shows a pharmacological mechan-
ism similar to codeine as an antitussive, but not classified as narcotics. However, when used at high doses, it produces
narcotic-like addictive effects.®*

Expectorants are used to assist in the dissolution of respiratory tract secretions, making them easier to expel. Guaifenesin
is the most commonly utilized medication in this category. Additionally, it is the only approved expectorant by the US Food
and Drug Administration (FDA).*® However, guaifenesin lacks substantial scientific support for its efficacy in pediatric
populations. The available studies have not demonstrated significant advantages of expectorant use in children.*

Analgesics-antipyretics are used to help control fever and relieve pain in general. Ibuprofen and acetaminophen are
the most commonly used analgesics and antipyretics. Ibuprofen is classified as a non-steroidal anti-inflammatory drug
(NSAID) that works by blocking the catalytic function of cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2)
enzymes, thus resulting in a decrease of prostaglandin productions. Prostaglandins are known as pro-inflammatory
mediators. Another analgesics-antipyretic is acetaminophen which can pass the blood-brain barrier similarly to NSAIDs,
allowing it to enter the central nervous system and inhibiting cyclooxygenase-3 (COX-3), thus reducing the generation of
pro-inflammatory polypeptides. This may also be the reason why acetaminophen is frequently more successful than some
other NSAIDs at treating headaches and fever.*’

Combinations of the previously discussed OTC cough and cold medications are more often used for treating CCS
rather than single ones. Due to the presence of these combinations, symptoms of toxicity are more often associated with
the use of these medications. Many combinations have been approved by the Indonesian National Agency of Drug and
Food Control. Several combination products for the treatment of cough and cold on the market have varying components
of different pharmacological classes (summarized in Table 1).

Clinical Features and Adverse Effects

The primary objective of cough and cold treatment is to provide temporary relief of symptoms while allowing the illness
to run its course.>> However, studies have reported adverse effects associated with the inappropriate use of OTC cough
and cold medications. Although most cough and cold medication overdoses are not fatal, reports are showing significant
severity and risk of death associated with their use.'*

Over two-year periods, more than 1500 children under the age of 2 years old were admitted to emergency
departments for adverse events associated with the use of OTC cough and cold medications. The risk of overdoses,
dosage errors, and adverse events tends to be higher in young children because they have more frequent colds each year.*
In 2008, OTC cough and cold medications underwent a label change in response to concerns over their safety, including
reports of deaths in children exposed to cough and cold medications.*° It is estimated that there are over 800 OTC cough
and cold medications available in the US, and according to surveillance studies, 81.7% of the most common cases
involving these medications were in liquid form, with medication errors often occurring due to incorrect liquid volume
and formulations of single ingredients, leading to adverse effects.*'*' The Medicine and Healthcare Products Regulatory
Agency (MHRA) in the United Kingdom (UK) and Health Canada both advised against using many cough and cold

Pediatric Health, Medicine and Therapeutics 2024:15 https: 245

Dove:


https://www.dovepress.com
https://www.dovepress.com

Diantini et al

Dove

Table 1 Combinations of OTC Cough and Cold Medications

Components in OTC Combination

Number of OTC
Syrup Products

Antihistamines, decongestants 14
Antihistamines, decongestants, analgesics-antipyretics, antitussives 12
Antihistamines, decongestants, analgesics-antipyretics 8
Antihistamines, analgesics-antipyretics, expectorants I
Antihistamines, decongestants, antitussives, expectorants 13
Antihistamines, decongestants, analgesics-antipyretics, antihistamines, antitussives, expectorants 6
Antihistamines, decongestants, expectorants 10
Antihistamines, expectorants 9
Antihistamines, decongestants, antitussives 7
Antihistamines, antitussives, expectorants 4
Antihistamines, analgesics-antipyretics, expectorants 2
Antihistamines, antitussives 3
Analgesics-antipyretics, decongestants, antitussives 2
Decongestants, antitussives 2

Deco ngestants, expectorants

Decongestants, antitussives, expectorants

medications in children under six years old, Italy issued a warning for nasal sympathomimetics in children under twelve

years old in 2007, but no such national warnings were issued in the Netherlands and other countries.**

The potentially inappropriate use of these medications in children has led to a significant impact on morbidity and

mortality rates. The most common adverse effects of several types of OTC cough and cold medications based on

pharmacological classes, namely antihistamines, decongestants, antitussives, analgesics-antipyretics, and expectorants

are presented in Table 2.*°

Table 2 Pharmacological Classes of OTC Cough and Cold Medications and Their Adverse Effects

Pharmacological Example Adverse Effects References
Classes
Antihistamines Brompheniramine, Increased heart rate, high blood pressure, increased body temperature, [33]
CTM, redness of the skin, dryness of the mucous membranes, dilated pupils,
Diphenhydramine hallucinations, fatigue, sedative effect, acute psychosis, convulsions
Decongestants Phenylephrine Increased heart rate, high blood pressure, increased body temperature, [33]
dilated pupils, anxiety, confusion, convulsions, warm skin with sweat
Antitussives Dextromethorphan Hallucinations, speech disorders, memory impairment, uncontrolled eye [33]
movements
Analgesics-antipyretics | Acetaminophen Risk of liver damage [33]
Expectorant Guaifenesin Nausea and vomiting [33]
Abbreviation: CTM, chlor-trimeton or chlorpheniramine maleate.
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Individual variances in drug reactions and adverse effects exist, and drug selection is a crucial issue. Although
a variety of factors contribute to individual variances in medication response, there is solid evidence that genetic factors
play a substantial role in drug response variability and toxicity.*> Children and adults have different ontogeny and
metabolic capacities. Several distinct developmental changes in children may account for the observed variations in drug
responsiveness. They can also cause negative medication responses.** Drug-drug interactions also affect variances in an
individual’s response to medications. It is described as a potential relationship between two or more medications that
might alter the efficacy and/or toxicity of one or both medications.*> Some important drug-drug interactions in OTC
cough and cold medications that could lead to toxicity can be seen in dextromethorphan with monoamine oxidase
inhibitors (MAOIs), eg phenelzine and selegiline, selective serotonin reuptake inhibitors (SSRIs) eg sertraline, fluoxetine,
and escitalopram,*® and in H1R-antihistamines with some antidepressants, anxiolytics, hypnotics, and beta-blockers.*’
When considering factors that may increase the risk of toxicity beyond the inherent properties of a drug, it is important to
exercise caution when administering OTC cough and cold medications to children. The factors can vary significantly by
location, for example, in some regions, certain medications may be accessible without a prescription, while in others, the
same medications may require a prescription due to regulatory controls,?’ therefore, affect the prevalence of adverse
effects and toxicity cases.*® Countries with strict regulations may have lower incidences of medication-related poisoning
in children compared to regions with more lenient policies.*” Understanding these regional differences is essential for
developing targeted strategies to improve medication safety and efficacy, and to inform global public health policies.

Pharmacokinetics and Pharmacodynamics

The pharmacokinetic and pharmacodynamic interactions between the drug and the body play an important role in drug
therapeutic effects and toxicity. High drug doses or changes in absorption, distribution, metabolism, and excretion may
cause toxic effects. The initial amount, route of administration, drug formulation, and bioavailability can directly affect
the amount of response to medications. Doses, along with their frequencies, duration of exposure, and pharmacodynamic
variabilities, will influence the toxicity in the body.”® The pharmacokinetic and pharmacodynamic parameters of several
components of cough and cold medications are summarized in Table 3.

Toxicokinetics and Toxicodynamics

Toxicokinetics is the quantitative relationship among absorption, distribution, biotransformation, and excretion of
toxicants and their metabolites, while toxicodynamics is the molecular, biochemical, and physiological effects of
toxicants and their reactive intermediates, or the dynamic interactions of toxicants and their reactive intermediates
with biological macromolecules. Toxicants and their reactive intermediates, similar to other xenobiotics, indicate
a biological affinity for cellular macromolecules such as proteins, ion channels, DNA, and a wide range of receptors.
The identification of cellular macromolecules or receptors that are targeted, as well as the overall toxic effect
(toxidromes) at both cellular and organism levels, is contingent upon the mechanism of action and can be inferred
from their chemical characteristics. Consequently, an integration of toxicokinetics and toxicodynamics is necessary to
assess the potential impacts and harmful mechanisms associated with these substances.®’

Acetaminophen has a mechanism of toxicity that involves the result of its metabolism that produces the reactive
intermediate N-acetyl-p-benzoquinonimine (NAPQI). The majority of acetaminophen metabolism at therapeutic levels
takes place via glucuronidation and sulfation to nontoxic metabolites. Acetaminophen metabolism to NAPQI emerges as
a significant metabolic pathway in overdose when the nontoxic routes of metabolism become saturated. NAPQI is largely
formed through hepatic cytochrome P450 subfamily 2E1 (CYP2EI) oxidation, with minor contributions from CYP3A4,
CYP2A6, and CYP1A2. At therapeutic dosages, the hepatic glutathione efficiently neutralizes NAPQI by forming
harmless compounds that are excreted as mercapturic acid in the urine. However, in cases of overdose, the production
of NAPQI escalates proportionally to the consumed dose. When the rate at which glutathione is produced falls behind its
utilization, toxic effects ensue. This glutathione depletion leads to the release of unbound NAPQI, which swiftly binds to
hepatocytes, resulting in apoptosis or direct cellular necrosis. The detrimental outcomes stem from the covalent
attachment of NAPQI to essential cellular constituents.®®
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Table 3 Pharmacokinetics and Pharmacodynamics of OTC Cough and Cold Drug Components in Pediatrics

Drugs Pharmacokinetics | Pharmacokinetic Parameters Pharmacodynamics References
Process
Acetaminophen Absorption Bioavailability ~72% The analgesic effects are thought to be brought on by the activation of | [51-54]
pKa 9.38 descending serotonergic inhibitory pathways in the CNS, while the
Distribution Volume distribution 0.85-1.5 L/kg antipyretic effects result from the inhibition of the hypothalamus heat-
Protein binding 10-30% regulating center
Metabolism - Metabolized in the liver to sulfate and
glucuronide conjugates.
Excretion T 2.6-2.8 hours
Clearance 400 mL/minute
Pseudoephedrine Absorption Bioavailability N/A It directly stimulates beta-adrenergic receptors, while indirectly it [55-57]
pKa 10.25 activates alpha-adrenergic receptors, triggering the release of
Distribution Volume distribution ~2.5 L/kg endogenous norepinephrine from neuronal granules
Protein binding 20%
Metabolism Metabolized in the liver to produce
active nor-pseudoephedrine (<I%).
Excretion T ~3 hours
Clearance 7.3-7.6 mL/minute/kg
Dextromethorphan | Absorption Bioavailability 11% It works by reducing the sensitivity of cough receptors and preventing | [51,58-60]
pKa 9.8 the transmission of cough impulses by suppressing the medullary cough
Distribution Volume distribution 5.0-6.7 L/kg center through the activation of sigma receptors
Protein binding 60-70%
Metabolism - Metabolized in the liver to
dextrorphan (active) and lower
quantities of 3-hydroxy and
3-methoxy derivatives.
Excretion T 4.9-6.41 hours
Clearance 33.8 mL/minute/ kg
CTM Absorption Bioavailability 59% It is competing with histamine for HI-receptor sites on effector cells in | [61-64]
pKa 9.2 the respiratory system, gastrointestinal tract, and blood vessels
Distribution Volume distribution 7 Likg
Protein binding 29-37%
Metabolism Metabolized in the liver to active and
inactive metabolites.
Excretion T 13.1 hours
Clearance N/A

Abbreviations: CTM, chlor-trimeton or chlorpheniramine maleate; pKa is the acid dissociation constant; T'2, half-life of a drug; CNS, central nervous system; N/A, not available.
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Pseudoephedrine is a stereoisomer of ephedrine. It has activity towards direct and indirect alpha- and beta-adrenergic
systems. Pseudoephedrine causes the release of norepinephrine from neurons and later increases sympathetic tone and
stimulates the central nervous system (CNS) by directly stimulating adrenergic receptors. Additionally, it stimulates the
beta-adrenergic system more than PPA or phenylephrine does.®” Activation of alpha-adrenergic receptors by pseudoe-
phedrine leads to vasoconstriction, potentially increasing blood pressure and reducing blood flow in certain vascular
beds. Furthermore, its beta-adrenergic receptor activation induces bronchodilation, increased heart rate, and enhanced
heart contractility.

Dextromethorphan is biotransformed to its active metabolite dextrorphan by CYP2D6. Dextrorphan is likely to be
responsible for any adverse effects that may occur. Dextromethorphan and dextrorphan are N-methyl-D-aspartate
(NMDA) glutamate receptor antagonists. However, dextrorphan has a stronger effect and is mostly in charge of high
doses of dextromethorphan’s euphoric side effects. The varying clinical reactions may be due to CYP2D6 genetic
variation; extensive metabolizers are more likely to experience the “desirable” euphoric effects with recreational usage.
Particularly in individuals taking medications that raise serotonin levels, such as MAO-Is and SSRIs, dextromethorphan
and dextrorphan impede the reuptake of serotonin and may cause serotonin syndrome. Dextromethorphan’s potential for
misuse in both the acute and chronic phases may be explained by serotoninergic effects as well as NMDA glutamate
receptor inhibition.®’

Diphenhydramine and CTM exert anticholinergic effects and may also stimulate or depress the CNS, and may affect
learning and examination performance in children.*” Therefore, overdose may cause symptoms similar to those of
anticholinergic poisoning. The hepatic CYP450 system is responsible for the metabolism of all first-generation H1R-
antihistamines. Therefore, these medications can have an impact on the plasma concentrations of HI1R-antihistamines,
either toxic or decreasing their action. The concurrent administration of H1R-antihistamines with alcohol, opioid
analgesics, anxiolytics, and hypnotics may lead to increased sedation, potentially exacerbating sedative effects. In
combination with tricyclic and MAOI antidepressants, H1R-antihistamines may produce enhanced antimuscarinic
effects. Furthermore, the concomitant use of beta-blockers and antiarrhythmics with H1R-antihistamines may elevate
the risk of ventricular arrhythmias. Compared to first-generation H1R-antihistamines, second-generation ones offer
a wider safety margin, thereby reducing the occurrence of sedative interactions. Consequently, interactions are generally
less likely to cause significant side effects. As a result, interactions are generally less likely to result in major side
effects.®® The usual daily pediatric dose, toxic dose, and potential toxidromes of acetaminophen, pseudoephedrine,
dextromethorphan, and CTM are presented in Table 4.

Case Report |

A case report in Tiirkiye of a 3-year-old boy with abdominal pain and difficulty urinating for the past 12 hours. The boy
was admitted to the emergency department. No additional symptoms, such as nausea, vomiting, or constipation, were
reported alongside the provided information. The medical history revealed that the pediatric patient had experienced
a common cold 10 days prior and had been given pseudoephedrine hydrochloride at a dosage of 90 mg per day, divided
into three doses, without consulting a medical practitioner. Upon admission to the emergency department, the patient’s
weight was recorded as 11 kg, and his height was measured at 92 cm. The examination showed a body temperature of
37°C, a heart rate of 110 beats per minute, and blood pressure of 100/60 mmHg. Moreover, there was an abnormal
suprapubic mass as a result of external genital examination. There were no signs of abdominal tenderness, rebound, or
defense. A urinary catheterization successfully drained 750 mL of urine. Laboratory evaluations, including complete
blood count, liver and kidney function tests, and urinalysis, reported results within normal limits. The radiological
evaluation indicated a normal lumbosacral graph. There was no hydronephrosis or urethral dilation on kidney ultra-
sonography. The patient was diagnosed with acute urinary retention due to an excessive dose of pseudoephedrine.
A urology examination and discontinuation of pseudoephedrine consumption were planned. No other signs of pseudoe-
phedrine overdose were found, especially during cardiac and neurological examinations. Twelve hours after the last dose

of pseudoephedrine, the difficulty in urination was resolved, and the patient was discharged from the hospital.®”
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Table 4 Summary of the Usual Daily Pediatric Dose, Toxic Dose, and Potential Toxidromes of OTC Cough and Cold Medications

daily

6 to <2 years: 2 mg every 4-6 h, max.

12 mg daily

12 to 18 years: 4 mg every 4-6 h, max.
24 mg daily

low as 20-30 pills, and toddler deaths and major
poisonings have been linked to doses of 10-60 mg/kg.

tachycardia, delirium, hallucinations, myoclonic
movements, and serious overdose may result in

convulsions, rhabdomyolysis, and hyperthermia

Drugs Usual Daily Pediatric Dose Toxic Dose Toxidromes (Toxicity Syndromes) References
Acetaminophen 10 to |5 mg/kg/dose every 4 to 6 hours as | Hepatotoxicity potentially occurs with acute ingestion of | Acute overdose: anorexia, nausea, vomiting, altered [43,46,51—
needed; do not exceed 5 doses in 24 more than 200 mg/kg. According to the American mental status, hypotension, and metabolic acidosis. 54,66]
hours; maximum daily dose: 75 mg/kg/day | Association of Poison Control Centers (AAPCC) Massive overdose within 24—48 hours: hepatic necrosis
not to exceed 4,000 mg/day. guideline, ingestion of doses higher than 150 mg/kg/day | with increased aspartate aminotransferase (AST) and
for 2 days or 100 mg/kg/day for 3 days needs medical alanine aminotransferase (ALT) levels, accompanied by
evaluation. encephalopathy, metabolic acidosis, elevated PT/INR, and
acute renal failure.
Chronic excessive: nausea, vomiting, hepatic injury, and
depletion of glutathione, resulting in anion gap metabolic
acidosis.
Pseudoephedrine 3-5 mglkg Toxidromes start to appear 4-5 times the average Effects on the cardiovascular system: tachycardia, [43,55-57]
therapeutic dose. hypertension, dysrhythmias, and myocardial infarction.
Effects on CNS: agitation, psychosis, paranoia,
hallucinations, seizure, and intracranial hemorrhage
Dextromethorphan | 2 to <6 years: 5 mg every 4 h as needed; | A dose more than 10 mg/kg usually causes moderate Effects on CNS: ataxia, somnolence, mydriasis, [43,51,58-
max. 6 doses in 24 hours symptoms. tachycardia, and hallucinations. General effects: flushing, | 60]
rash, and respiratory symptoms such as hypoxia,
6 to <2 years: 10 mg every 4 h as needed; . X .
o & doses in 24 heurs respiratory depression, aPne.a, decre?sed respflratory
rate, hypopnea, hypoventilation, respiratory disturbance,
12 to 18 years: 20 mg every 4 h as needed; and respiratory failure, are also results of the toxicity of
max. 6 doses in 24 hours dextromethorphan
CT™M 2 to <6 years: | mg every 4-6 h, max. 6 mg | The lethal dose of antihistamines in children may be as | Drowsiness, dilated pupils, flushed dry skin, fever, [43,61-64]
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Case Report 2

In another case, a 2-year-old boy weighing 10.8 kg without a prior serious medical history was drawn to the emergency
department for walking like a drunk. The child experienced upper respiratory disorders for the previous 2 days and
received three doses of one and a half teaspoons of a cough drug, which contains pseudoephedrine 15 mg and
dextromethorphan 7.5 mg in 5 mL, 6 hours before being taken to the hospital. The last dose was given 3 hours before
the symptoms appeared, after which the child slept for 1 hour but woke up in a state of hyperexcitability, rapid anger,
inconsistent choking, and difficulty keeping balance. Based on the findings of the physical examination, the patient
exhibited hyperactivity, ataxia, reactive pupil dilation measuring 4 mm, and early tachycardia with a heart rate of 180
beats per minute. The result of the electrocardiograph after 30 minutes of being at the emergency department showed
a heart rate of 130 times per minute without evidence of ischemia or dysrhythmia and systolic blood pressure of 100
mmHg. In addition, the child’s speech has begun to return to normal, but ataxia and hyperactivity remain. The results of
the computed tomography scan of the head and the urine analysis were normal. In the toxicological examination of the
blood after 3.5 hours of the last dose were obtained serum dextromethorphan 240x10~° pg/mL and pseudoephedrine
2.2x107° pug/mL. The condition of the patient returned to normal after observation for 4 hours at the ED, and he was
returned home.”

The Impact of Dose on Toxicokinetics and Toxicodynamics

In the first case, it was reported that the patient had previously taken pseudoephedrine at a dose of 90 mg/day.® The daily
dose of pseudoephedrine for children is 3—5 mg/kg, thus the daily dose for a child weighing 11 kg should be in the range
of 33-55 mg/day.®”’" Pseudoephedrine is utilized to treat the symptoms of nasal and sinus congestions associated with
seasonal rhinitis and the common cold. It is considered to be relatively less toxic, as symptoms typically manifest after
four to five times the usual therapeutic dose. The main toxic effect of this drug is hypertension, which can cause
headaches, confusion, seizures, and intracranial hemorrhage. Urinary retention is also one of the side effects of
pseudoephedrine which is attributed to the relaxation of the detrusor muscle of the bladder (via the activation of
B3-adrenoreceptors in the bladder) and the simultaneous contraction of both the internal urethral sphincters and exter-
nal urethral sphincters (via stimulation of al-adrenoreceptors in the bladder).”"

In the second case, the patient was given a combination of pseudoephedrine and dextromethorphan in the syrup
dosage form.”® The dose of dextromethorphan for children aged 2 to < 6 years is 5 mg every 4 hours; if a maximum dose
is needed, then it is given 6 times in 24 hours. Doses greater than 10 mg/kg usually cause moderate symptoms.®””?
Dextromethorphan was developed as a CNS antitussive agent with a mechanism of reducing cough receptor sensitivity
and preventing the transmission of cough impulses by suppressing the medullary cough center through sigma receptor
activation, structurally similar to codeine.”

Acute urinary retention is very rare in childhood. In a study conducted by Gatti et al in 2001, a total of 53 cases of
acute urinary retention in children were reported. The etiological factors identified in these cases included neurological
processes (17%), severe voiding dysfunction (15%), urinary tract infection (13%), constipation (13%), local inflamma-
tory causes (7%), locally invaded neoplasms (6%), benign obstructive lesions (6%), and incarcerated inguinal hernias
(2%). Adverse drug events accounted for 13% of all cases and were found to be three times more prevalent in males.”

Overdosage of dextromethorphan in pediatrics has been reported to cause mild symptoms, and some cases are
considered not life-threatening. However, several recommendations for dextromethorphan poisoning are as follows: 1)
All patients with suicidal intent, intentional abuse, or in cases in which malicious intent is suspected (eg, child abuse or
neglect) should be referred to an emergency department; 2) Patients who exhibit more than mild effects after acute
dextromethorphan ingestion should be referred to an emergency department; 3) Patients who have ingested 5-7.5 mg/kg
should receive poison center-initiated follow-up approximately every 2 hours for up to 4 hours after ingestion; 4) Patients
who ingested > 7.5 mg/kg should be referred to an emergency department for evaluation; 5) If the patient is taking other
medications likely to interact with dextromethorphan and cause serotonin syndromes, such as MAOIs or SSRIs, poison
center-initiated follow-up every 2 hours for 8 hours is recommended; 6) Patients who are asymptomatic and more than 4
hours have elapsed since the time of ingestion can be observed at home; 7) Do not induce emesis; 8) Do not use activated
charcoal at home; 9) For patients who have ingested dextromethorphan and are sedated or comatose, naloxone, in the
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usual doses for treatment of opioid overdose, can be considered for prehospital administration, particularly if the patient
has respiratory depression; 10) Use intravenous benzodiazepines for seizures and benzodiazepines and external cooling
measures for hyperthermia; 11) Carefully ascertain by history whether other drugs, such as acetaminophen, were
involved in the incident and assess the risk for toxicity or a drug interaction.”* Acute effects that occur after large
doses of dextromethorphan are stupor, ataxia, dystonia, hyperexcitability, nystagmus, coma, and toxic psychosis. Some
cases showed tachycardia, hypertension, respiratory depression, and diaphoresis.”” In certain situations, the presence of
a combination of dextromethorphan with sympathomimetic drugs (such as phenylephrine or pseudoephedrine), anti-
histamines (like diphenhydramine or brompheniramine), or ethanol has been associated with noticeable effects. The exact
degree of toxicity resulting from the combination of pseudoephedrine and dextromethorphan is currently unknown.
However, overdosing on pseudoephedrine and dextromethorphan can lead to toxic symptoms lasting for 24 hours or even
longer. It is worth noting that dextromethorphan is metabolized by CYP2D6, and the presence of CYP2D6 polymorph-
isms can reduce its metabolism, potentially increasing toxic effects. In individuals with normal CYP2D6 function,
dextromethorphan has an average elimination half-life of 2.4 hours. However, individuals with CYP2D6 polymorphisms
may have an average elimination half-life of 19.1 hours. Concurrent use of dextromethorphan with substances that inhibit
CYP2D6 can further prolong its elimination half-life.”®”” Fortunately, due to the relatively short elimination time of both
drugs, most toxic effects can be managed with supportive care.

Limitations

While this narrative review provides valuable insights into the safety and toxicity profile of OTC medications used for
treating CCS in pediatric patients, it is essential to acknowledge several Limitations. Firstly, the review primarily relies
on existing literature and may not encompass all available studies on the topic. There may be additional research studies
or clinical trials that were not included in this review, potentially limiting the comprehensiveness of the findings.
Secondly, the focus of this review is on clinical toxicology and the adverse effects of OTC medications, which may
lead to a biased perspective on the topic. Future research should explore potential benefits, alternative treatment
approaches, and the development of safer formulations to provide a more balanced understanding of the subject.
Additionally, while case studies are informative, they may not always provide generalizable findings applicable to
broader populations. Further research utilizing larger sample sizes and rigorous methodologies is warranted to validate
the Conclusions drawn from this review. Finally, the review does not address specific regulatory aspects or policy
implications related to the use of OTC medications for pediatric CCS, which could be an area for future investigation and
consideration.

Conclusion

Cough and cold symptoms are commonly observed in pediatric cases, and OTC medications are frequently utilized to
address these symptoms. These medications encompass a range of options, such as antihistamines (eg, CTM), deconge-
stants (eg, pseudoephedrine), antitussives (eg, dextromethorphan), expectorants (eg, guaifenesin), and analgesics-
antipyretics (eg, acetaminophen). Certain preparations combine two or more of these drugs to provide comprehensive
relief. However, there are safety issues regarding the use of these medications in children, as many studies reported, as
toxicity is usually an extension of their therapeutic mechanisms. Factors influencing the risk and severity of toxicity
include the quantity ingested, duration of exposure, patient-specific characteristics (such as age, weight, and genetic
factors), and drug-drug interactions or drug-food interactions. To minimize toxicity risks, single-agent medications are
recommended over combination products, as they allow for more accurate dosing. Educating parents and caregivers
about proper medication use, employing calibrated dispensing instruments, and providing clear dosing instructions are
crucial steps in ensuring safety. Additionally, post-marketing surveillance is essential for monitoring potential adverse
effects that may not be apparent during initial evaluations. Finally, future research should focus on the development of
safer formulations and alternative treatment approaches. This could include creating medications with reduced risk
profiles, exploring non-pharmacological interventions, and conducting studies to better understand the specific needs and
responses of pediatric patients. By advancing our knowledge and improving the safety of treatment options, we can
enhance the care and outcomes for children experiencing CCS.
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