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INTRODUCING

The first new chemical  
entity launched in ADHD  
in over a decade1,2

More control1,3

Please see the brief summary of full Prescribing Information on adjacent pages, or visit QelbreeHCP.com/rethink.

INDICATION
Qelbree is indicated for the treatment of Attention-Deficit/ 
Hyperactivity Disorder (ADHD) in pediatric patients ages 6 to 17.
IMPORTANT SAFETY INFORMATION

WARNING: SUICIDAL THOUGHTS AND BEHAVIORS
In clinical studies, higher rates of suicidal thoughts and behaviors  
were reported in pediatric patients with ADHD treated with  
Qelbree than in patients treated with placebo. Closely monitor  
all Qelbree-treated patients for clinical worsening and for  
emergence of suicidal thoughts and behaviors.

Qelbree and Rethink ADHD Symptom Control are trademarks of Supernus Pharmaceuticals, Inc.  
©2021 Supernus Pharmaceuticals, Inc. All rights reserved. SPN.812.2020-0134

CONTRAINDICATIONS 
•   Concomitant administration of a monoamine oxidase inhibitor (MAOI),  

or dosing within 14 days after discontinuing an MAOI, because of an  
increased risk of hypertensive crisis

•   Concomitant administration of sensitive CYP1A2 substrates or CYP1A2 
substrates with a narrow therapeutic range

WARNING & PRECAUTION
•   Heart rate, blood pressure increases: Qelbree can cause an increase  

in diastolic blood pressure and heart rate. Assess these measures prior  
to starting therapy, following increases in dosage, and periodically  
during therapy 
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Qelbree™ (viloxazine extended-release capsules), for oral use 
BRIEF SUMMARY OF FULL PRESCRIBING INFORMATION
For full prescribing information see package insert.

WARNING: SUICIDAL THOUGHTS AND BEHAVIORS
In clinical studies, higher rates of suicidal thoughts and behavior  
were reported in pediatric patients with ADHD treated with Qelbree 
than in patients treated with placebo. Closely monitor all Qelbree-
treated patients for clinical worsening, and for emergence of suicidal 
thoughts and behaviors.

CONTRAINDICATIONS
Qelbree is contraindicated in patients receiving concomitant treatment with 
monoamine oxidase inhibitors (MAOI), or within 14 days following discontinuing  
an MAOI, because of an increased risk of hypertensive crisis.
Qelbree should not be taken when receiving concomitant administration of 
sensitive CYP1A2 substrates or CYP1A2 substrates with a narrow therapeutic 
range.
WARNINGS AND PRECAUTIONS 
Suicidal Thoughts and Behaviors (See Above)
Among 1019 patients exposed to Qelbree 100 mg to 400 mg in short-term trials, 
a total of nine patients (0.9%) reported suicidal ideation (N=6), behavior (N=1) or 
both (N=2). Eight patients reported suicidal ideation or behavior on the Columbia 
Suicide Severity Rating Scale (C-SSRS), a validated scale that assesses suicide 
risk. An additional patient treated with Qelbree reported suicidal behavior during 
the clinical trials, but did not report it on the C-SSRS. Among 463 patients treated 
with placebo in these studies, two patients (0.4%) reported suicidal ideation  
on the C-SSRS. No patients treated with placebo reported suicidal behavior.  
No completed suicides occurred in these trials. 
Patients treated with Qelbree had higher rates of insomnia and irritability. Although 
a causal link between the emergence of such symptoms and the emergence of 
suicidal impulses has not been established, there is a concern that these and 
other symptoms such as depressed mood, anxiety, agitation, akathisia, mania, 
hypomania, panic attacks, impulsive behavior, and aggression may represent 
precursors to emerging suicidal ideation or behavior. Thus, patients being treated 
with Qelbree should be observed for the emergence of such symptoms. 
Consider changing the therapeutic regimen, including possibly discontinuing 
Qelbree, in patients who are experiencing emergent suicidal thoughts and 
behaviors or symptoms that might be precursors to emerging suicidal ideation 
or behavior, especially if these symptoms are severe or abrupt in onset, or 
were not part of the patient’s presenting symptoms. Advise family members 
or caregivers of patients to monitor for the emergence of suicidal ideation or 
behavior, and to report such symptoms immediately to the healthcare provider.
Effects on Blood Pressure and Heart Rate 
Qelbree can cause an increase in heart rate and diastolic blood pressure. 
In a clinical study in patients 6 to 11 years of age, 34/154 (22%) of patients treated 
with Qelbree 100 mg daily had a ≥20 beat per minute (bpm) increase in heart 
rate at any time point in the clinical trial, compared to 15/159 (9%) of patients who 
received placebo. This finding was observed in 84/268 (31%) who received the 
200 mg dose, compared to 39/262 (15%) of patients in the placebo group, and 
in 28/100 (28%) of patients who received the 400 mg dose, compared to 24/103 
(23%) of patients who received placebo.
In a clinical study in patients 12 to 17 years of age, 22/99 (22%) of patients treated 
with Qelbree 200 mg daily had a ≥20 bpm increase in heart rate at any time point 
in the clinical trial, compared to 15/104 (14%) of patients who received placebo. 
This finding was observed in 69/205 (34%) who received the 400 mg dose, 
compared to 35/201 (17%) of patients in the placebo group.
In patients ages 12 to 17 years, 52/205 (25%) of patients treated with Qelbree  
400 mg daily had a ≥ 15 mmHg increase in diastolic blood pressure at any time  
in the clinical trial, compared to 26/201 (13%) of patients in the placebo group. 
Assess heart rate and blood pressure prior to initiating treatment with Qelbree, 
following increases in dosage, and periodically while on therapy.
Activation of Mania or Hypomania 
Noradrenergic drugs, such as Qelbree, may induce a manic or mixed episode 
in patients with bipolar disorder. Prior to initiating treatment with Qelbree, screen 
patients to determine if they are at risk for bipolar disorder; such screening should 
include a detailed psychiatric history, including a personal or family history of 
suicide, bipolar disorder, and depression.
Somnolence and Fatigue 
Qelbree can cause somnolence and fatigue. In the short-term, placebo-controlled 
clinical trials in pediatric patients with ADHD, somnolence (including lethargy and 
sedation) was reported in 16% of Qelbree-treated patients compared to 4% of 

placebo-treated patients. Fatigue was reported in 6% of Qelbree-treated  
patients compared to 2% of placebo-treated patients.
Patients should not perform activities requiring mental alertness, such as 
operating a motor vehicle or operating hazardous machinery until they know  
how they will be affected by Qelbree.
ADVERSE REACTIONS 
Clinical Trials Experience
The safety of Qelbree has been evaluated in 1118 patients (6 to 17 years of 
age) with ADHD exposed to one or more doses in short-term (6 to 8 week), 
randomized, double-blind, placebo-controlled trials. 
A total of 682 pediatric patients were treated for at least 6 months, and 347 
pediatric patients for at least 12 months with Qelbree.
The data described below reflect exposure to Qelbree in 826 patients who 
participated in randomized, double-blind, placebo-controlled trials with doses 
ranging from 100 mg to 400 mg. The population (N=826) was 65% male,  
35% female, 54% White, 41% Black, 4% multiracial, and 1% other races. 
Adverse Reactions Leading to Discontinuation of Qelbree Treatment: 
Approximately 3% of the 826 patients receiving Qelbree in clinical studies 
discontinued treatment due to an adverse reaction. The adverse reactions most 
commonly associated with discontinuation of Qelbree were somnolence, nausea, 
headache, irritability, tachycardia, fatigue, and decreased appetite.
Most Common Adverse Reactions (occurring at ≥5% and at least twice the 
placebo rate for any dose): somnolence, decreased appetite, fatigue, nausea, 
vomiting, insomnia, and irritability.
Listed here are adverse reactions that occurred in at least 2% of patients 
treated with Qelbree and more frequently in the Qelbree-treated patients than 
in the placebo-treated patients. Data represents pooled data from pediatric 
patients ages 6 to 17 years who were enrolled in randomized, placebo-
controlled trials of Qelbree. 
Adverse Reactions Reported in ≥2% of Pediatric Patients  
(Ages 6 to 17 Years) Treated with Qelbree and at a Greater Rate than 
Placebo-Treated Patients in Placebo-Controlled ADHD Studies Placebo 
(N=463); All Qelbree (N=826). Nervous system disorders: Somnolence*; 
Headache*. Metabolic and nutritional disorders: Decreased appetite. 
Infections and infestations: Upper respiratory tract infection*. Body as a 
Whole - General disorders: Fatigue; Pyrexia. Gastrointestinal system 
disorders: Abdominal Pain*; Nausea; Vomiting. Psychiatric disorders: 
Insomnia*; Irritability. 
*The following terms were combined: Somnolence: somnolence, lethargy, 
sedation; Headache: headache, migraine, migraine with aura, tension headache; 
Upper respiratory tract infection: nasopharyngitis, pharyngitis, sinusitis, 
upper respiratory tract infection, viral sinusitis, viral upper respiratory tract  
infection; Abdominal pain: abdominal discomfort, abdominal pain, abdominal 
pain lower, abdominal pain upper; Insomnia: initial insomnia, insomnia, middle 
insomnia, poor quality sleep, sleep disorder, terminal insomnia. 
Effects on Weight: In short–term, controlled studies (6 to 8 weeks), Qelbree-
treated patients 6 to 11 years of age gained an average of 0.2 kg, compared to 
a gain of 1 kg in same-aged patients who received placebo. Qelbree-treated 
patients 12 to 17 years of age lost an average of 0.2 kg, compared to a weight 
gain of 1.5 kg in same-aged patients who received placebo. In a long-term  
open-label extension safety trial, 1097 patients received at least 1 dose of 
Qelbree. Among the 338 patients evaluated at 12 months, the mean change from 
baseline in weight-for-age z-score was -0.2 (standard deviation of 0.5). In the 
absence of a control group, it is unclear whether the weight change observed in 
the long-term open-label extension was attributable to the effect of Qelbree.
DRUG INTERACTIONS
Drugs Having Clinically Important Interactions with Qelbree 
Monoamine Oxidase Inhibitors (MAOI)
•  Clinical Impact: Concomitant use of Qelbree with an MAOI may lead to a 

potentially life-threatening hypertensive crisis.
•  Intervention: Concomitant use of Qelbree with an MAOI or within  2 weeks after 

discontinuing an MAOI is contraindicated.
•  Examples: Selegiline, isocarboxazid, phenelzine, tranylcypromine, safinamide, 

rasagiline
Sensitive CYP1A2 Substrates or CYP1A2 Substrates with a Narrow 
Therapeutic Range
Clinical Impact: Viloxazine is a strong CYP1A2 inhibitor. Concomitant use of 
viloxazine significantly increases the total exposure, but not peak exposure, of 
sensitive CYP1A2 substrates, which may increase the risk of adverse reactions 
associated with these CYP1A2 substrates.
•  Intervention: Coadministration with viloxazine is contraindicated.
•  Examples: Alosetron, duloxetine, ramelteon, tasimelteon, tizanidine, theophylline
Moderate Sensitive CYP1A2 Substrate
•  Clinical Impact: Viloxazine is a strong CYP1A2 inhibitor. Concomitant use of 

viloxazine significantly increases the total, but not peak, exposure of sensitive 
CYP1A2, which may increase the risk of adverse reactions associated with 
these CYP1A2 substrates.

•  Intervention: Not recommended for coadministration with viloxazine. Dose 
reduction may be warranted if coadministered.

Drugs Having Clinically Important Interactions with Qelbree (continued)
Moderate Sensitive CYP1A2 Substrate (continued)
•  Examples: Clozapine, pirfenidone
CYP2D6 Substrates
•  Clinical Impact: Viloxazine is a weak inhibitor of CYP2D6, and increases the 

exposure of CYP2D6 substrates when coadministered.
•  Intervention: Monitor patients for adverse reactions and adjust dosages of 

CYP2D6 substrates, as clinically indicated.
•  Examples: Atomoxetine, desipramine, dextromethorphan, nortriptyline, 

metoprolol, nebivolol, perphenazine, tolterodine, venlafaxine, and risperidone
CYP3A4 Substrates
•  Clinical Impact: Viloxazine is a weak inhibitor of CYP3A4 which increases the 

exposure of CYP3A4 substrates when coadministered.
•  Intervention: Monitor patients for adverse reactions and adjust dosages of 

CYP3A4 substrates, as clinically indicated.
•  Examples: Alfentanil, avanafil, buspirone, conivaptan, darifenacin, darunavir, 

ebastine, everolimus, ibrutinib, lomitapide, lovastatin, midazolam, naloxegol, 
nisoldipine, saquinavir, simvastatin, sirolimus, tacrolimus, tipranavir, triazolam, 
vardenafil, and lurasidone

USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry
Report pregnancies to the National Pregnancy Registry  
for Psychiatric Medications at 1-866-961-2388, and at the website  
(www.womensmentalhealth.org/preg).
Risk Summary 
Based on findings from animal reproduction studies, viloxazine may cause 
maternal harm when used during pregnancy. Discontinue Qelbree when 
pregnancy is recognized unless the benefits of therapy outweigh the potential 
risk to the mother. Available data from case series with viloxazine use in 
pregnant women are insufficient to determine a drug-associated risk of major 
birth defects, miscarriage or adverse maternal outcomes. 
In animal reproduction studies, oral administration of viloxazine to pregnant rats 
and rabbits during the period of organogenesis did not cause significant maternal 
toxicity but caused fetal toxicities and delayed fetal development in the rat at 
doses up to 2 times the maximum recommended human dose (MRHD) of  
400 mg, based on mg/m2. In the rabbit, viloxazine caused maternal toxicity 
without significant fetal toxicity at doses ≥ 7 times the MRHD based on mg/
m2. The no observed adverse effect levels (NOAELs) for fetal toxicity are 
approximately equal to and 11 times the MRHD, based on mg/m2 in the rat and 
rabbit, respectively. Oral administration of viloxazine to pregnant rats and mice 
during pregnancy and lactation caused maternal toxicities and deaths at doses 
approximately 2 and 1 time the MRHD, based on mg/m2, respectively (see Data). 
At these maternally toxic doses, viloxazine caused offspring toxicities. The NOAEL 
for maternal and developmental toxicity is approximately equal to or less than  
the MRHD, based on mg/m2, in the rat and mouse, respectively (see Data).
Data
Animal Data
Viloxazine was administered orally to pregnant rats during the period of 
organogenesis at doses of 13, 33, and 82 mg/kg/day, which are less than, equal 
to, and 2 times the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine 
did not cause maternal toxicity at doses up to 82 mg/kg/day. Viloxazine at  
82 mg/kg/day increased early and late resorption, delayed fetal development, 
and possibly caused low incidences of fetal malformations or anomalies 
(craniorachischisis, missing cervical vertebrae, and morphological changes 
associated with hydranencephaly). The NOAEL for fetal toxicity and malformation 
is 33 mg/kg/day, which is approximately equal to the MRHD, based on mg/m2.
Viloxazine was administered orally to pregnant rabbits during the period of 
organogenesis at doses of 43, 87, and 130 mg/kg/day, which are approximately 
4, 7, and 11 times the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine 
decreased maternal body weight, weight gain, or food consumption at doses  
≥ 87 mg/kg/day but did not cause fetal toxicity at doses up to 130 mg/kg/day. 
The NOAELs for maternal and fetal toxicity is 43 and 130 mg/kg/day, respectively, 
which is approximately 4 and 11 times the MRHD, based on mg/m2, respectively.
Viloxazine was administered orally to pregnant rats during gestation and lactation 
at doses of 43, 87, and 217 mg/kg/day, which are approximately 1, 2, and 5 times 
the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine caused maternal 
toxicity of decreased body weight, weight gain, and food consumption at doses 
≥ 87 mg/kg/day and maternal deaths near term at 217 mg/kg/day. At these 
maternally toxic doses, viloxazine caused lower live birth, decreased viability, 
and delayed growth and sexual maturation without affecting learning and 
memory in the offspring. The NOAEL for maternal and developmental toxicity  
is 43 mg/kg/day, which is approximately equal to the MRHD, based on mg/m2. 
Viloxazine was administered orally to pregnant mice during gestation and 
lactation at doses of 13, 33, and 82 mg/kg/day, which are approximately 
less than or equal to the MRHD of 400 mg, based on mg/m2, respectively. 
Viloxazine treatment at 82 mg/kg/day during the gestation period caused 
maternal deaths and decreased body weight in the offspring. The NOAEL  
for both maternal and developmental toxicity is 33 mg/kg/day, which is less 
than the MRHD, based on mg/m2.

Lactation
Risk Summary
There are no data on the presence of viloxazine in human milk, the effects on the 
breastfed infant, or the effects on milk production. Viloxazine is likely present in rat 
milk. When a drug is present in animal milk, it is likely that the drug will be present 
in human milk.
The developmental and health benefits of breastfeeding should be considered 
along with the mother’s clinical need for Qelbree and any potential adverse effects 
on the breastfed child from Qelbree or from the underlying maternal condition.
Pediatric Use
The safety and effectiveness of Qelbree in pediatric patients ages 6 to 17 years of 
age with ADHD have been established based on randomized, placebo-controlled 
studies in pediatric patients.
The safety and effectiveness of Qelbree have not been established in pediatric 
patients younger than 6 years old.
Patients treated with Qelbree should be monitored for suicidal thoughts and 
behavior, and for changes in weight.
Juvenile Animal Toxicity Data 
Viloxazine was administered orally to juvenile rats from postnatal day (PND) 
23 through PND 79 at doses of 43, 130, and 217 mg/kg/day, which are 
approximately 1, 2, and 3 times the MRHD of 400 mg, based on mg/m2 in 
children, respectively. Viloxazine decreased body weight, weight gain, and food 
consumption in both sexes at 217 mg/kg/day. Sexual maturation, reproductive 
capacity, and learning and memory were not affected. The NOAEL for juvenile 
toxicity is 130 mg/kg/day, which is approximately 2 times the MRHD, based on 
mg/m2 in children.
Geriatric Use
Clinical trials of Qelbree in the treatment of ADHD did not include sufficient 
numbers of patients aged 65 and older to determine whether or not they respond 
differently from younger patients. 
Renal Impairment
Dosage reduction is recommended in patients with severe  
(eGFR of < 30 mL/min/1.73m2 [MDRD]) renal impairment.
No dosage adjustment of Qelbree is recommended in patients with mild to 
moderate (eGFR of 30 to 89 mL/min/1.73m2 [MDRD]) renal impairment.
The exposure of viloxazine increases in patients with renal impairment.
Hepatic Impairment
The effect of hepatic impairment on the pharmacokinetics of viloxazine is 
unknown. Qelbree is not recommended in patients with hepatic impairment.
OVERDOSAGE
Human Experience
The pre-market clinical trials with Qelbree do not provide information regarding 
symptoms of overdose.  
Literature reports from post marketing experience with immediate-release 
viloxazine include cases of overdosage from 1000 mg to 6500 mg (2.5 to 16.25 
times the maximum recommended daily dose). The most reported symptom was 
drowsiness. Impaired consciousness, diminished reflexes, and increased heart 
rate have also been reported. 
Treatment and Management
There is no specific antidote for Qelbree overdose. Administer symptomatic and 
supportive treatment as appropriate. In case of overdose, consult a Certified 
Poison Control Center (1-800-222-1222 or www.poison.org).
NON-CLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, and Impairment of Fertility
Carcinogenesis
Viloxazine did not increase the incidence of tumors in rats treated for 2 years 
at oral doses of 22, 43, and 87 mg/kg/day. The high dose of 87 mg/kg/day is 
approximately equal to the MRHD of 400 mg, based on mg/m2 in children. 
Viloxazine did not increase the incidence of tumors in Tg.rasH2 mice treated for 
26 weeks at oral doses of 4.3, 13, and 43 mg/kg/day.
Mutagenesis
Viloxazine was not genotoxic in a battery of genotoxicity tests. It was not 
mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic 
in the in vitro mammalian chromosomal aberration assay or in the in vivo rat bone 
marrow micronucleus assay.
Impairment of Fertility
Viloxazine was orally administered to male and female rats prior to and throughout 
mating and continued until completion of the second littering at doses of 13, 33, 
and 82 mg/kg/day, which are less than, equal to, and 2 times the MRHD of 400 mg, 
based on mg/m2, respectively. Viloxazine did not affect male or female fertility 
parameters in the rat. The NOAEL for male and female fertility is 82 mg/kg/day, 
which is approximately 2 times the MRHD, based on mg/m2.
Animal Toxicology and/or Pharmacology
In animal studies, viloxazine treatment caused dose-dependent convulsions 
at oral doses of ≥ 130, ≥ 173, and ≥ 39 mg/kg/day in the rat, mouse, and dog, 
respectively, which are approximately equal to or slightly higher than the MRHD  
of 400 mg, based on mg/m2 in children. 
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Qelbree™ (viloxazine extended-release capsules), for oral use 
BRIEF SUMMARY OF FULL PRESCRIBING INFORMATION
For full prescribing information see package insert.

WARNING: SUICIDAL THOUGHTS AND BEHAVIORS
In clinical studies, higher rates of suicidal thoughts and behavior  
were reported in pediatric patients with ADHD treated with Qelbree 
than in patients treated with placebo. Closely monitor all Qelbree-
treated patients for clinical worsening, and for emergence of suicidal 
thoughts and behaviors.

CONTRAINDICATIONS
Qelbree is contraindicated in patients receiving concomitant treatment with 
monoamine oxidase inhibitors (MAOI), or within 14 days following discontinuing  
an MAOI, because of an increased risk of hypertensive crisis.
Qelbree should not be taken when receiving concomitant administration of 
sensitive CYP1A2 substrates or CYP1A2 substrates with a narrow therapeutic 
range.
WARNINGS AND PRECAUTIONS 
Suicidal Thoughts and Behaviors (See Above)
Among 1019 patients exposed to Qelbree 100 mg to 400 mg in short-term trials, 
a total of nine patients (0.9%) reported suicidal ideation (N=6), behavior (N=1) or 
both (N=2). Eight patients reported suicidal ideation or behavior on the Columbia 
Suicide Severity Rating Scale (C-SSRS), a validated scale that assesses suicide 
risk. An additional patient treated with Qelbree reported suicidal behavior during 
the clinical trials, but did not report it on the C-SSRS. Among 463 patients treated 
with placebo in these studies, two patients (0.4%) reported suicidal ideation  
on the C-SSRS. No patients treated with placebo reported suicidal behavior.  
No completed suicides occurred in these trials. 
Patients treated with Qelbree had higher rates of insomnia and irritability. Although 
a causal link between the emergence of such symptoms and the emergence of 
suicidal impulses has not been established, there is a concern that these and 
other symptoms such as depressed mood, anxiety, agitation, akathisia, mania, 
hypomania, panic attacks, impulsive behavior, and aggression may represent 
precursors to emerging suicidal ideation or behavior. Thus, patients being treated 
with Qelbree should be observed for the emergence of such symptoms. 
Consider changing the therapeutic regimen, including possibly discontinuing 
Qelbree, in patients who are experiencing emergent suicidal thoughts and 
behaviors or symptoms that might be precursors to emerging suicidal ideation 
or behavior, especially if these symptoms are severe or abrupt in onset, or 
were not part of the patient’s presenting symptoms. Advise family members 
or caregivers of patients to monitor for the emergence of suicidal ideation or 
behavior, and to report such symptoms immediately to the healthcare provider.
Effects on Blood Pressure and Heart Rate 
Qelbree can cause an increase in heart rate and diastolic blood pressure. 
In a clinical study in patients 6 to 11 years of age, 34/154 (22%) of patients treated 
with Qelbree 100 mg daily had a ≥20 beat per minute (bpm) increase in heart 
rate at any time point in the clinical trial, compared to 15/159 (9%) of patients who 
received placebo. This finding was observed in 84/268 (31%) who received the 
200 mg dose, compared to 39/262 (15%) of patients in the placebo group, and 
in 28/100 (28%) of patients who received the 400 mg dose, compared to 24/103 
(23%) of patients who received placebo.
In a clinical study in patients 12 to 17 years of age, 22/99 (22%) of patients treated 
with Qelbree 200 mg daily had a ≥20 bpm increase in heart rate at any time point 
in the clinical trial, compared to 15/104 (14%) of patients who received placebo. 
This finding was observed in 69/205 (34%) who received the 400 mg dose, 
compared to 35/201 (17%) of patients in the placebo group.
In patients ages 12 to 17 years, 52/205 (25%) of patients treated with Qelbree  
400 mg daily had a ≥ 15 mmHg increase in diastolic blood pressure at any time  
in the clinical trial, compared to 26/201 (13%) of patients in the placebo group. 
Assess heart rate and blood pressure prior to initiating treatment with Qelbree, 
following increases in dosage, and periodically while on therapy.
Activation of Mania or Hypomania 
Noradrenergic drugs, such as Qelbree, may induce a manic or mixed episode 
in patients with bipolar disorder. Prior to initiating treatment with Qelbree, screen 
patients to determine if they are at risk for bipolar disorder; such screening should 
include a detailed psychiatric history, including a personal or family history of 
suicide, bipolar disorder, and depression.
Somnolence and Fatigue 
Qelbree can cause somnolence and fatigue. In the short-term, placebo-controlled 
clinical trials in pediatric patients with ADHD, somnolence (including lethargy and 
sedation) was reported in 16% of Qelbree-treated patients compared to 4% of 

placebo-treated patients. Fatigue was reported in 6% of Qelbree-treated  
patients compared to 2% of placebo-treated patients.
Patients should not perform activities requiring mental alertness, such as 
operating a motor vehicle or operating hazardous machinery until they know  
how they will be affected by Qelbree.
ADVERSE REACTIONS 
Clinical Trials Experience
The safety of Qelbree has been evaluated in 1118 patients (6 to 17 years of 
age) with ADHD exposed to one or more doses in short-term (6 to 8 week), 
randomized, double-blind, placebo-controlled trials. 
A total of 682 pediatric patients were treated for at least 6 months, and 347 
pediatric patients for at least 12 months with Qelbree.
The data described below reflect exposure to Qelbree in 826 patients who 
participated in randomized, double-blind, placebo-controlled trials with doses 
ranging from 100 mg to 400 mg. The population (N=826) was 65% male,  
35% female, 54% White, 41% Black, 4% multiracial, and 1% other races. 
Adverse Reactions Leading to Discontinuation of Qelbree Treatment: 
Approximately 3% of the 826 patients receiving Qelbree in clinical studies 
discontinued treatment due to an adverse reaction. The adverse reactions most 
commonly associated with discontinuation of Qelbree were somnolence, nausea, 
headache, irritability, tachycardia, fatigue, and decreased appetite.
Most Common Adverse Reactions (occurring at ≥5% and at least twice the 
placebo rate for any dose): somnolence, decreased appetite, fatigue, nausea, 
vomiting, insomnia, and irritability.
Listed here are adverse reactions that occurred in at least 2% of patients 
treated with Qelbree and more frequently in the Qelbree-treated patients than 
in the placebo-treated patients. Data represents pooled data from pediatric 
patients ages 6 to 17 years who were enrolled in randomized, placebo-
controlled trials of Qelbree. 
Adverse Reactions Reported in ≥2% of Pediatric Patients  
(Ages 6 to 17 Years) Treated with Qelbree and at a Greater Rate than 
Placebo-Treated Patients in Placebo-Controlled ADHD Studies Placebo 
(N=463); All Qelbree (N=826). Nervous system disorders: Somnolence*; 
Headache*. Metabolic and nutritional disorders: Decreased appetite. 
Infections and infestations: Upper respiratory tract infection*. Body as a 
Whole - General disorders: Fatigue; Pyrexia. Gastrointestinal system 
disorders: Abdominal Pain*; Nausea; Vomiting. Psychiatric disorders: 
Insomnia*; Irritability. 
*The following terms were combined: Somnolence: somnolence, lethargy, 
sedation; Headache: headache, migraine, migraine with aura, tension headache; 
Upper respiratory tract infection: nasopharyngitis, pharyngitis, sinusitis, 
upper respiratory tract infection, viral sinusitis, viral upper respiratory tract  
infection; Abdominal pain: abdominal discomfort, abdominal pain, abdominal 
pain lower, abdominal pain upper; Insomnia: initial insomnia, insomnia, middle 
insomnia, poor quality sleep, sleep disorder, terminal insomnia. 
Effects on Weight: In short–term, controlled studies (6 to 8 weeks), Qelbree-
treated patients 6 to 11 years of age gained an average of 0.2 kg, compared to 
a gain of 1 kg in same-aged patients who received placebo. Qelbree-treated 
patients 12 to 17 years of age lost an average of 0.2 kg, compared to a weight 
gain of 1.5 kg in same-aged patients who received placebo. In a long-term  
open-label extension safety trial, 1097 patients received at least 1 dose of 
Qelbree. Among the 338 patients evaluated at 12 months, the mean change from 
baseline in weight-for-age z-score was -0.2 (standard deviation of 0.5). In the 
absence of a control group, it is unclear whether the weight change observed in 
the long-term open-label extension was attributable to the effect of Qelbree.
DRUG INTERACTIONS
Drugs Having Clinically Important Interactions with Qelbree 
Monoamine Oxidase Inhibitors (MAOI)
•  Clinical Impact: Concomitant use of Qelbree with an MAOI may lead to a 

potentially life-threatening hypertensive crisis.
•  Intervention: Concomitant use of Qelbree with an MAOI or within  2 weeks after 

discontinuing an MAOI is contraindicated.
•  Examples: Selegiline, isocarboxazid, phenelzine, tranylcypromine, safinamide, 

rasagiline
Sensitive CYP1A2 Substrates or CYP1A2 Substrates with a Narrow 
Therapeutic Range
Clinical Impact: Viloxazine is a strong CYP1A2 inhibitor. Concomitant use of 
viloxazine significantly increases the total exposure, but not peak exposure, of 
sensitive CYP1A2 substrates, which may increase the risk of adverse reactions 
associated with these CYP1A2 substrates.
•  Intervention: Coadministration with viloxazine is contraindicated.
•  Examples: Alosetron, duloxetine, ramelteon, tasimelteon, tizanidine, theophylline
Moderate Sensitive CYP1A2 Substrate
•  Clinical Impact: Viloxazine is a strong CYP1A2 inhibitor. Concomitant use of 

viloxazine significantly increases the total, but not peak, exposure of sensitive 
CYP1A2, which may increase the risk of adverse reactions associated with 
these CYP1A2 substrates.

•  Intervention: Not recommended for coadministration with viloxazine. Dose 
reduction may be warranted if coadministered.

Drugs Having Clinically Important Interactions with Qelbree (continued)
Moderate Sensitive CYP1A2 Substrate (continued)
•  Examples: Clozapine, pirfenidone
CYP2D6 Substrates
•  Clinical Impact: Viloxazine is a weak inhibitor of CYP2D6, and increases the 

exposure of CYP2D6 substrates when coadministered.
•  Intervention: Monitor patients for adverse reactions and adjust dosages of 

CYP2D6 substrates, as clinically indicated.
•  Examples: Atomoxetine, desipramine, dextromethorphan, nortriptyline, 

metoprolol, nebivolol, perphenazine, tolterodine, venlafaxine, and risperidone
CYP3A4 Substrates
•  Clinical Impact: Viloxazine is a weak inhibitor of CYP3A4 which increases the 

exposure of CYP3A4 substrates when coadministered.
•  Intervention: Monitor patients for adverse reactions and adjust dosages of 

CYP3A4 substrates, as clinically indicated.
•  Examples: Alfentanil, avanafil, buspirone, conivaptan, darifenacin, darunavir, 

ebastine, everolimus, ibrutinib, lomitapide, lovastatin, midazolam, naloxegol, 
nisoldipine, saquinavir, simvastatin, sirolimus, tacrolimus, tipranavir, triazolam, 
vardenafil, and lurasidone

USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry
Report pregnancies to the National Pregnancy Registry  
for Psychiatric Medications at 1-866-961-2388, and at the website  
(www.womensmentalhealth.org/preg).
Risk Summary 
Based on findings from animal reproduction studies, viloxazine may cause 
maternal harm when used during pregnancy. Discontinue Qelbree when 
pregnancy is recognized unless the benefits of therapy outweigh the potential 
risk to the mother. Available data from case series with viloxazine use in 
pregnant women are insufficient to determine a drug-associated risk of major 
birth defects, miscarriage or adverse maternal outcomes. 
In animal reproduction studies, oral administration of viloxazine to pregnant rats 
and rabbits during the period of organogenesis did not cause significant maternal 
toxicity but caused fetal toxicities and delayed fetal development in the rat at 
doses up to 2 times the maximum recommended human dose (MRHD) of  
400 mg, based on mg/m2. In the rabbit, viloxazine caused maternal toxicity 
without significant fetal toxicity at doses ≥ 7 times the MRHD based on mg/
m2. The no observed adverse effect levels (NOAELs) for fetal toxicity are 
approximately equal to and 11 times the MRHD, based on mg/m2 in the rat and 
rabbit, respectively. Oral administration of viloxazine to pregnant rats and mice 
during pregnancy and lactation caused maternal toxicities and deaths at doses 
approximately 2 and 1 time the MRHD, based on mg/m2, respectively (see Data). 
At these maternally toxic doses, viloxazine caused offspring toxicities. The NOAEL 
for maternal and developmental toxicity is approximately equal to or less than  
the MRHD, based on mg/m2, in the rat and mouse, respectively (see Data).
Data
Animal Data
Viloxazine was administered orally to pregnant rats during the period of 
organogenesis at doses of 13, 33, and 82 mg/kg/day, which are less than, equal 
to, and 2 times the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine 
did not cause maternal toxicity at doses up to 82 mg/kg/day. Viloxazine at  
82 mg/kg/day increased early and late resorption, delayed fetal development, 
and possibly caused low incidences of fetal malformations or anomalies 
(craniorachischisis, missing cervical vertebrae, and morphological changes 
associated with hydranencephaly). The NOAEL for fetal toxicity and malformation 
is 33 mg/kg/day, which is approximately equal to the MRHD, based on mg/m2.
Viloxazine was administered orally to pregnant rabbits during the period of 
organogenesis at doses of 43, 87, and 130 mg/kg/day, which are approximately 
4, 7, and 11 times the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine 
decreased maternal body weight, weight gain, or food consumption at doses  
≥ 87 mg/kg/day but did not cause fetal toxicity at doses up to 130 mg/kg/day. 
The NOAELs for maternal and fetal toxicity is 43 and 130 mg/kg/day, respectively, 
which is approximately 4 and 11 times the MRHD, based on mg/m2, respectively.
Viloxazine was administered orally to pregnant rats during gestation and lactation 
at doses of 43, 87, and 217 mg/kg/day, which are approximately 1, 2, and 5 times 
the MRHD of 400 mg, based on mg/m2, respectively. Viloxazine caused maternal 
toxicity of decreased body weight, weight gain, and food consumption at doses 
≥ 87 mg/kg/day and maternal deaths near term at 217 mg/kg/day. At these 
maternally toxic doses, viloxazine caused lower live birth, decreased viability, 
and delayed growth and sexual maturation without affecting learning and 
memory in the offspring. The NOAEL for maternal and developmental toxicity  
is 43 mg/kg/day, which is approximately equal to the MRHD, based on mg/m2. 
Viloxazine was administered orally to pregnant mice during gestation and 
lactation at doses of 13, 33, and 82 mg/kg/day, which are approximately 
less than or equal to the MRHD of 400 mg, based on mg/m2, respectively. 
Viloxazine treatment at 82 mg/kg/day during the gestation period caused 
maternal deaths and decreased body weight in the offspring. The NOAEL  
for both maternal and developmental toxicity is 33 mg/kg/day, which is less 
than the MRHD, based on mg/m2.

Lactation
Risk Summary
There are no data on the presence of viloxazine in human milk, the effects on the 
breastfed infant, or the effects on milk production. Viloxazine is likely present in rat 
milk. When a drug is present in animal milk, it is likely that the drug will be present 
in human milk.
The developmental and health benefits of breastfeeding should be considered 
along with the mother’s clinical need for Qelbree and any potential adverse effects 
on the breastfed child from Qelbree or from the underlying maternal condition.
Pediatric Use
The safety and effectiveness of Qelbree in pediatric patients ages 6 to 17 years of 
age with ADHD have been established based on randomized, placebo-controlled 
studies in pediatric patients.
The safety and effectiveness of Qelbree have not been established in pediatric 
patients younger than 6 years old.
Patients treated with Qelbree should be monitored for suicidal thoughts and 
behavior, and for changes in weight.
Juvenile Animal Toxicity Data 
Viloxazine was administered orally to juvenile rats from postnatal day (PND) 
23 through PND 79 at doses of 43, 130, and 217 mg/kg/day, which are 
approximately 1, 2, and 3 times the MRHD of 400 mg, based on mg/m2 in 
children, respectively. Viloxazine decreased body weight, weight gain, and food 
consumption in both sexes at 217 mg/kg/day. Sexual maturation, reproductive 
capacity, and learning and memory were not affected. The NOAEL for juvenile 
toxicity is 130 mg/kg/day, which is approximately 2 times the MRHD, based on 
mg/m2 in children.
Geriatric Use
Clinical trials of Qelbree in the treatment of ADHD did not include sufficient 
numbers of patients aged 65 and older to determine whether or not they respond 
differently from younger patients. 
Renal Impairment
Dosage reduction is recommended in patients with severe  
(eGFR of < 30 mL/min/1.73m2 [MDRD]) renal impairment.
No dosage adjustment of Qelbree is recommended in patients with mild to 
moderate (eGFR of 30 to 89 mL/min/1.73m2 [MDRD]) renal impairment.
The exposure of viloxazine increases in patients with renal impairment.
Hepatic Impairment
The effect of hepatic impairment on the pharmacokinetics of viloxazine is 
unknown. Qelbree is not recommended in patients with hepatic impairment.
OVERDOSAGE
Human Experience
The pre-market clinical trials with Qelbree do not provide information regarding 
symptoms of overdose.  
Literature reports from post marketing experience with immediate-release 
viloxazine include cases of overdosage from 1000 mg to 6500 mg (2.5 to 16.25 
times the maximum recommended daily dose). The most reported symptom was 
drowsiness. Impaired consciousness, diminished reflexes, and increased heart 
rate have also been reported. 
Treatment and Management
There is no specific antidote for Qelbree overdose. Administer symptomatic and 
supportive treatment as appropriate. In case of overdose, consult a Certified 
Poison Control Center (1-800-222-1222 or www.poison.org).
NON-CLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, and Impairment of Fertility
Carcinogenesis
Viloxazine did not increase the incidence of tumors in rats treated for 2 years 
at oral doses of 22, 43, and 87 mg/kg/day. The high dose of 87 mg/kg/day is 
approximately equal to the MRHD of 400 mg, based on mg/m2 in children. 
Viloxazine did not increase the incidence of tumors in Tg.rasH2 mice treated for 
26 weeks at oral doses of 4.3, 13, and 43 mg/kg/day.
Mutagenesis
Viloxazine was not genotoxic in a battery of genotoxicity tests. It was not 
mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic 
in the in vitro mammalian chromosomal aberration assay or in the in vivo rat bone 
marrow micronucleus assay.
Impairment of Fertility
Viloxazine was orally administered to male and female rats prior to and throughout 
mating and continued until completion of the second littering at doses of 13, 33, 
and 82 mg/kg/day, which are less than, equal to, and 2 times the MRHD of 400 mg, 
based on mg/m2, respectively. Viloxazine did not affect male or female fertility 
parameters in the rat. The NOAEL for male and female fertility is 82 mg/kg/day, 
which is approximately 2 times the MRHD, based on mg/m2.
Animal Toxicology and/or Pharmacology
In animal studies, viloxazine treatment caused dose-dependent convulsions 
at oral doses of ≥ 130, ≥ 173, and ≥ 39 mg/kg/day in the rat, mouse, and dog, 
respectively, which are approximately equal to or slightly higher than the MRHD  
of 400 mg, based on mg/m2 in children. 
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Questions linger around 
COVID-19’s origin 

W
as it a lab leak in Wuhan, China the spark that lit the fuse on the COVID-19 

virus? Debate about the origin of the virus that causes COVID-19 have been at 

the forefront of the global consciousness since the first reported cases. 

Early on, whispers of a potentially engineered virus quickly grew to a roar and fueled 

speculation that China was behind the pandemic. In February 2020, 27 public health 

scientists published a letter in The Lancet disputing the lab leak theory. 

“The rapid, open, and transparent sharing of data on this outbreak is now being 

threatened by rumors and misinformation around its origins,” wrote the authors, 

who all declared no competing interests in their disclosures as recommended by the 

International Committee of Medical Journal Editors. “We stand together to strongly 

condemn conspiracy theories suggesting that COVID-19 does not have a natural origin.” 

Fast forward to June 2021. The Lancet published an addendum to the February 2020 

letter with revised disclosure statements from virologist and investigator Peter Daszak, 

one of the 27 authors. Daszak noted that his remuneration is paid solely in the form of 

a salary from EcoHealth Alliance, a New York-based nonprofit research foundation 

of which he is president. The company has reportedly worked directly with Wuhan 

laboratories and funded research at China’s Wuhan Institute of Virology. Additionally, 

reports have uncovered financial ties between Google and EcoHealth Alliance. This 

comes after accusations that the tech giant was censoring lab leak “conspiracy theory” 

stories in its search results. Google’s health lead, David Feinberg, countered by saying 

Google is simply taking steps to protect users from unverified information.

Are these coincidences or not? It’s unclear. We may never know what triggered the 

global pandemic that has claimed more than 3.8 million lives. And we won’t know the 

long-term effects until enough time has elapsed. What we do know is the strength and 

collaboration of the scientific community allowed us to regain some semblance of 

normalcy. That, right now, will have to be the only answer that matters. 

Thank you for reading, 
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Nalesnik, DO, PGY-3; Ilana Torine, DO
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20 Allergies, asthma, and 
climate change
The correlations between rising 
temperatures and illness, from 
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Lakiea Wright, MD, MPH, MAT

behavioral health
24 Helping parents cope with 
adolescent behavior 
The Dx and Rx for patients and parents 
during the chaotic teenage years.
Michael S. Jellinek, MD 

pediatric pharmacology
28 Adjunctive medications 
for epilepsy 
Epilepsy is one of the most frequently 
diagnosed chronic conditions in children. 
Here are the best treatments. Priya 
Narang, PharmD, MS, BCPS; and 
Siddharth Gupta, MD

infectious disease
30 Keeping your child safe 
from COVID-19 this summer 
Guidelines for both vaccinated and 
unvaccinated children. Rachael Zimlich, 
BSN, RN
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Bizarrely shaped hyperpigmented 
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Maria Leszczynska, MD
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16 GI disorders: what every 
pediatrician should know
The most common gastrointestinal ailments 
seen by pediatricians, including signs in 
children with abdominal pain, vomiting, and 
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and treatments. Praveen S. Goday, MD, BS

THE EDITORS ARE PLEASED TO ANNOUNCE the availability of our new parent company’s continuing education activities. We’ve 
picked this one especially for our Contemporary Pediatrics’ readers. Go to: bit.ly/3gJY8bP
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editor-in-chief  Tina Q. Tan, MD, FAAP, FIDSA, FPIDS  
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International Patient Services Program; Co-Director, Pediatric Travel 
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I
hope everyone is getting a chance to enjoy the season and 
participate in more “normal” activities. 

This month’s issue has several “must-read” articles that 
cover important issues more frequently seen in practice:

  This issue’s cover story focuses on gastrointestinal (GI) disorders that 
pediatric practitioners frequently encounter. This comprehensive article 
provides practical guidance on therapies for malnutrition, the latest in 
screening for GI care, and red flag symptoms in children who present 
with vomiting, abdominal pain, constipation, and failure to gain weight. 

  The Behavioral Health section report was authored by editorial advisory 
board  member Michael Jellinek, MD,  who presents a useful article for 
pediatricians to help parents deal with issues that are associated with the 
roller-coaster years of adolescence. Many of these issues have become 
significantly more frequent and acute during the COVID-19 pandemic.

   The Respiratory Disorders section highlights the impact that climate 
change has had on allergies and asthma; both conditions seem to be on 
the increase.

   The Infectious Diseases section report discusses safe forms of recreation for 
children this summer, especially as children under 12 years of age are not yet 
eligible for the COVID-19 vaccine.

   The Dermatology section article focuses on phytophotodermatitis, 
or “lime disease,” just in time for the summer. This condition generally 
occurs following outdoor activity on a sunny day during which there has 
been contact with certain plants (eg, citrus fruits, carrots, celery, wild dill, 
and wild parsley). This article provides information on how to diagnose 
and treatment options.

Thank you for providing outstanding care to your patients 
during these challenging times. Please enjoy the summer and 
make time to take care of yourselves. As John Barrymore said, 
“Happiness often sneaks in through a door you didn’t know you 
left open.”

Please stay safe and well. And as always, I welcome your 
suggestions, comments, and questions.

With warmest regards,
Tina 
Tina Q. Tan email: titan@luriechildrens.org
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BY MARIAN FREEDMANjournal clubDr Farber’s

KEY TAKES ON MUST-READ STUDIES

Jon Matthew Farber, MD, section editor for Journal Club, is a pediatrician in Woodbridge, Virginia. Marian Freedman is a freelance medical 
editor and writer in New Jersey. The editors have nothing to disclose in regard to affiliations with or financial interests in any 
organizations that may have an interest in any part of these articles.

A 
good quality of life (QOL) may 
promote outgrowing an allergy 
to egg, according to findings 
from a recent study in Japan. 

The investigation, which examined 
factors associated with outcome for egg 
allergy 1 year after an oral food challenge 
(OFC), was conducted in 93 children 
aged younger than 72 months with 
egg allergy. 

Participants underwent an OFC with 
a challenge dose based primarily on the 
child’s clinical history. When the OFC was 
negative, the caregiver was advised to give 
the child no more egg at home than was 
received in the challenge dose. When the 
OFC was positive and the child had mild 
symptoms, the advice was not to consume 
more egg than the threshold dose. When 
the OFC was positive with moderate to 
severe symptoms, egg was eliminated 
from the diet. Parents could increase the 
amount of egg offered when the child had 
no adverse reactions to the initial amount. 

After 1 year, the investigators surveyed 
parents about how much egg their children 
safely consumed and classified patients as 
“successful” (group S) if the amount had 
increased or “unsuccessful” (group U) 
if it remained the same or decreased; 57 
participants (61.3%) were classified as in 

group S and 36 (38.7%) as group U. Investi-
gators also evaluated children’s QOL with 
a parental questionnaire when the OFC 
was administered and, for 48 patients, at 
the 1-year follow-up.

A comparison of QOL scores showed 
that all the scores in group U were sig-
nificantly higher than those in group S at 
baseline, indicating that group S patients 
had a better initial QOL (the lower the 
score, the better the QOL). At the 1-year 
follow-up, scores remained the same in 
group U, whereas in group S, the QOL had 
improved. Factors associated with an in-
creased egg intake level at follow-up were 
absence of comorbid asthma or comorbid 
atopic dermatitis and a good QOL.

One would think that 
instructing parents to give their children 
egg would be straightforward, but this study 
shows that it is not for families with lower 
quality of life. My take-home message: Do not 
underestimate the problems a diffi cult home 
situation (because of poverty, arguing parents, 
illness of other family members, etc) can cause.

Hamada K, Nagao M, Imakiire R, et al. Factors associated with 
outcome of egg allergy 1 year after oral food challenge: a good 
baseline quality of life may be beneficial. Pediatr Allergy Immunol. 
Published online May 7, 2021. doi:10.1111/pai.13534
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of other family 
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Repeated low or moderate anti–
transglutaminase immunoglobulin  
A (TGA-IgA) values are indeed as-
sociated with a celiac disease (CD) 
diagnosis, a study in symptomat-
ic children showed. Participants in 
the Italian study had repeated se-
rum IgA and TGA-IgA tests along 
with testing for endomysial anti-
bodies (EMAs) and human leuko-
cyte antigens, as well as esophago-
gastroduodenoscopy (EGD). Of 281 
children, 224 had at least 2 positive 
TGA-IgA determinations, whereas 
in 57, the second test was negative. 
All the children followed a normal 

gluten-containing diet when await-
ing results of the EGD and biop-
sies. Participants were divided into 
3 groups based on TGA-IgA val-
ues: group A (low positive), group 
B (moderate positive), and group C 
(controls). Of 162 children in group 
A, 142 (87.7%) received a CD diag-
nosis, but normal duodenal mucosa 
was found in 20 children. In group 
B, all 62 children received a CD di-
agnosis. Given these results, investi-
gators concluded that symptomatic 
children with persistently low posi-
tive TGA-IgA levels should undergo 
EGD, regardless of their EMA status.

This is not an 
uncommon clinical 

dilemma—does one perform an invasive 
and expensive test when screening 
results are unclear? The answer in this 
case is yes. However, remember, we are 
talking about children who had some 
symptoms and whose tests were not 
negative, just not markedly positive.

Trovato CM, Montuori M, Morelli A, et al. Diagnostic 
value of persistently low positive TGA-IgA titers in symp-
tomatic children with suspected celiac disease. J Pediatr 
Gastroenterol Nutr. 2021;72(5):712-717. doi:10.1097/
mpg.0000000000003047 

An analysis of data from the Na-
tional Survey of Children’s Health 
for about 4000 children revealed 
that in children with attention-
def ic it/hy perac t iv it y d isorder 
(ADHD), participation in after-
school activities is associated with 
decreased ADHD severity and less 
school absenteeism. Invest iga-
tors identified children aged 5 to 
17 years with ADHD and surveyed 
their caretakers, along with exam-
ining data related to parent-rat-
ed ADHD severity and 2 measures 
of school functioning: number of 
missed school days and number of 
calls home from school. In assess-

ing participation in after-school 
activities, investigators included 
any organized activities during the 
school week or on weekends, in-
cluding sports teams, clubs, and 
music or other lessons. Participa-
tion in after-school activity was as 
follows: 71.9% in at least 1, 28.3% in 
2, and 18.5% in 3 activities. Analy-
sis showed that any after-school ac-
tivity participation was associated 
with less likelihood of having mod-
erate to severe ADHD and missing 
school days. Participation in after-
school activities was not signifi-
cantly associated with calls home 
from school. 

This study does not 
prove that after-

school activities help children with ADHD 
(those with mild ADHD may be more 
likely to participate in the first place), 
but it makes sense, and, if not disruptive 
to the family, such activities should be 
encouraged. With the pandemic fading, 
this can of course apply to all children, 
not just those with ADHD.

Lax Y, Brown SN, Silver M, Brown NM. Associations 
between participation in after-school activities, atten-
tion-deficit/hyperactivity disorder severity, and school 
functioning. J Dev Behav Pediatr.2021;42(4):257-263. 
doi:10.1097/dbp.0000000000000901
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puzzler
PATIENT CASES TO TEST YOUR DX IQ

Want to read more of your colleagues’ puzzling cases? 
Find the whole collection at ContemporaryPediatrics.com/pediatric-puzzler

A newborn with 
fever and tremors

A 40-and-2/7 week gestational age boy was born to a 30-year-old G4P0121 mother 
via vaginal delivery. The mother’s past medical history is signifi cant for preeclampsia, 
previous opiate and cocaine abuse, and current tobacco use. Social history is signifi cant 

as mother was incarcerated during this pregnancy. The mother reports being drug-free throughout 
this pregnancy despite prior opiate and cocaine use, and her urine drug screen on admission was 
negative. She received morphine on the maternity ward for pain. In the newborn nursery, the infant 
showed signs of irritability, high tone, and tremors on day of life 1, at which point he became febrile to 
100.4 °F. Upon further inquiry, the mother admitted to cigarette smoking daily in pregnancy, and now 
admits to daily vaping, as much as 2 vaporized pods daily. The patient was transferred to the neonatal 
intensive care unit (NICU) for further evaluation.

GREGORY H. NALESNIK DO, PGY-3; AND ILANA TORINE, DO

THE 
CASE

Physical examination
The physical examination revealed 
a newborn who was alert, irrita-
ble, and difficult to console. He was 
tachycardic and tachypneic with 
lungs clear to auscultation bilateral-
ly. His abdomen was soft with active 
bowel sounds. On neurologic exam, 
he had increased tone with tremors.

Differential diagnosis
Given the patient’s age, physical 
exam, and maternal history, a drug 
withdrawal syndrome was the lead-
ing diagnosis. Table 1 shows the dif-
ferential diagnosis for a newborn 

with fever and tremors which in-
cludes infectious, metabolic, and 
neurovascular etiologies.

Laboratory studies
A metabolic panel revealed sodium 
143 mmol/L, potassium 4.4 mmol/L, 
chloride 110 mmol/L, CO

2
 18 mmol/L, 

BUN 14 mg/dL, creatinine 1.42 mg/
dL, and glucose 75 mg/dL. Urine drug 
screen was positive for opiates (after 
maternal morphine was given). Me-
conium drug screen was negative. C-
reactive protein 0.02 mg/dL and blood 
culture showed no growth for 5 days. 
Urine nicotine level was less than 2 ng/

mL (ref: 2 ng/mL) and urine 3-OH co-
tinine level was 1399 ng/dL (ref: < 50 
ng/dL).

Hospital course
In the NICU, the patient underwent 
a septic work-up and evaluation for 
drug exposure. He was started on am-
picillin and gentamicin for a 48-hour 
sepsis rule-out. Because maternal co-
caine use is associated with neonatal 
cerebral infarction, a CT of the head 
was performed and was unremark-
able. A lumbar puncture was attempt-
ed but was unsuccessful. The patient 
was treated with supportive care, in-
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cluding ad lib breast and bottle feed-
ings, swaddling, and a low stimulation 
environment and improved. Anticon-
vulsant medications (phenobarbital) 
were considered, but not needed. 

Diagnosis
Nicotine can cross the placenta and 
cause a significant withdrawal syn-
drome in newborns. Nicotine metabo-
lite levels, particularly 3-OH cotinine, 
can be measured in the urine and 
may be the only positive lab result in a 
withdrawing infant. In our patient, the 
urine 3-OH cotinine level of 1399 ng/
dL (ref: < 50 ng/dL) is 28 times the up-
per limit of normal. All other lab work/
imaging were within normal limits.

Discussion
Vaping, or electronic cigarette use, is 
a popular mode of nicotine consump-
tion among young adults. Many vap-
ing-related illnesses have been de-
scribed in the medical literature.1-3 
Vaping can affect more than just the 
individuals who participate. In this 
case report, we describe the clini-
cal course of a newborn exposed to 
a significant amount of nicotine in 
utero secondary to maternal vaping. 
Because of the popularity of vaping 
among young adults, it is likely that 
clinicians will see an emergence of 
vaping-related complications in both 
the young adults who vape, and their 
children.

Differential diagnoses were consid-
ered and systemically ruled out. Neo-
natal abstinence syndrome from opi-
ates is a common etiology for neonatal 
drug withdrawal symptoms; this was 
ruled out with the negative maternal 
urine drug screen and negative new-
born meconium drug screen. Neona-
tal sepsis remains high on the index 
of suspicion for all newborns with 
fever. For this reason, the patient was 
started on empiric antibiotic therapy 
for 48 hours; however sepsis second-
ary to bacteremia was ruled out when 
blood cultures were no growth for 
5 days. Hypoglycemia is a common 
cause of tremors in a newborn; this 
was ruled out with normal glucose 
levels. Those who consume nicotine 
may abuse other drugs simultane-
ously. The use of maternal cocaine 
during pregnancy is associated with 
neonatal cerebral infarction.4 This was 
on the differential diagnosis for our  
patient and was ruled out with a nor-
mal head CT. In the presence of an el-
evated urine 3-OH cotinine level and 
negative work-up for other causes, our 
patient was given a diagnosis of neona-
tal nicotine withdrawal.

Nicotine is an addictive substance 
that is small enough to cross the pla-
centa.5 In the brain, nicotine binds 
to nicotinic acetylcholine receptors 
(nAChRs), which are highly expressed 
in dopaminergic and GABAergic neu-
rons in the ventral tegmental area 

and the nucleus accumbens.6 Mouse 
models of nicotine withdrawal have 
demonstrated that the nAChRs in the 
medial habenula of the diencephalon 
and its projection to the interpedun-
cular nucleus are particularly im-
portant mediators of nicotine with-
drawal symptoms.7 Multiple organs 
in the fetus are adversely affected by 
nicotine exposure. This may manifest 
as orofacial defects, growth restric-
tion, preterm birth, stillbirth, sud-
den infant death syndrome, or neo-
natal withdrawal symptoms.8 In the 
newborn, withdrawal from nicotine 
can present in a similar way to opi-
ate withdrawal including irritability, 
high tone and tremors. Both opiate 
and nicotine withdrawal will result 
in high Neonatal Abstinence Scoring 
System/Finnegan Scores, making the 
2 difficult to distinguish. The mother 
in our study consumed 2 vaporized 
pods per day, roughly equivalent to 
2 packs of tobacco cigarettes per day. 
The patient’s urine metabolite result 
of 1399 mg/dL represents a value 28 
times the upper limit of normal. This 
value correlated with the severity of 
our patient’s withdrawal syndrome. 

Among teenagers, e-cigarette use 
has more than doubled between 2017 
and 2019.9 A 2018 survey10 showed 3.6 
million middle and high school stu-
dents had used an e-cigarette in the 
past 30 days. Nicotine is the most com-
monly abused substance during preg-
nancy. Given the popularity of vaping, 
physicians will encounter more cases 
of nicotine-related complications than 
in recent decades. In the newborn 
nursery or NICU, this may manifest as 
neonatal nicotine withdrawal. 

Providers must maintain a high 
index of suspicion when evaluating 
newborns with signs of withdrawal, 
especially when initial testing for 
opiates is negative. Meconium drug 
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puzzlerTABLE 1 DIFFERENTIAL DIAGNOSIS 
OF TREMORS IN NEWBORNS 

PRIMARY PATHOLOGY BY SYSTEM DIFFERENTIAL DIAGNOSIS

Drug withdrawal
  Neonatal abstinence syndrome (NAS) 

from opiates

  Neonatal nicotine withdrawal 

Infectious Sepsis

Metabolic Hypoglycemia 

Neurovascular Acute cerebral infarction

C O N T I N U E D  O N  PAGE 22

CNTPED0721_014-015_020-022_Respiratory_Puzzler.indd   15 6/29/21   9:51 AM



CON T EMPORARYP ED I AT R I C S . C O M   |   J U LY  2 0 2 116

RO
ST

9@
ST

O
CK

.A
D

O
BE

.C
O

M

The most common gastrointesti-
nal (GI) ailments seen by a pediatri-
cian include abdominal pain, diar-
rhea, vomiting, constipation, failure to 
gain weight, and feeding problems. This 
review focuses on their  presentations. 

Abdominal pain
Chronic, functional abdominal pain 
occurs in about 15% of all children.1 

However, chronic abdominal pain in 
the absence of red flags is rarely asso-
ciated with organic disease (Table 1). 
In addition to eliciting the presence 
of red flags, certain symptoms are 
less likely to be associated with or-
ganic disease: pain lasting less than 
5 minutes at a time (even when it oc-
curs multiple times a day), pain upon 
waking, and pain when going to bed. 
The closer the pain is to the umbilicus 
the less likely it is to be organic. Also, 
nocturnal wakening with pain is not 
necessarily a sign of organic disease. 

Every child with chronic abdominal 
pain should have a thorough history 
and physical examination, and most 
children should undergo screening 
for organic disease (see a “Guide to GI 
screenings and more” in the online 
article). In addition, details regard-

Gastrointestinal 
disorders
PRAVEEN S. GODAY, BS, MD

nutrition

TABLE 1
RED-FLAG SYMPTOMS AND SIGNS IN CHILDREN 
WITH ABDOMINAL PAIN
SYMPTOMS AND SIGNS POSSIBLE CAUSES

Recurrent oral ulcers Can be seen in celiac disease and inflammatory bowel disease

Odynophagia, 
dysphagia 

Can suggest esophageal pathology, particularly eosinophilic 
esophagitis

Persistent vomiting Typically a sign of gastroesophageal disease but can occur in 
other conditions, such as inflammatory bowel disease

Pain in the right upper 
quadrant

Can suggest a biliary or pancreatic origin or may be seen in 
gastroesophageal disease

Pain in the right lower 
quadrant

Can suggest inflammatory bowel disease or a genitourinary 
pathology

Weight loss or 
inadequate weight gain

Can suggest chronic gastrointestinal or other diseases

Blood in the stools/
bloody diarrhea

Can suggest inflammatory bowel disease

Perianal skin tags, 
fissures, fistulas

Can suggest inflammatory bowel disease; perianal 
examination is a vital part of the examination of every child 
with chronic abdominal pain

Decreasing height 
percentiles/delayed 
puberty

Can be a late sign of chronic disease

Fevers Can be seen in inflammatory bowel disease

Arthritis Can be seen in celiac disease and inflammatory bowel disease

Family history of celiac 
disease/inflammatory 
bowel disease

Raises concern for the same condition in the child

Red fl ags and best treatments
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ing changes of the pain when eating 
and stooling should be elicited. When 
the pain changes with intake of all 
food, the child either has either some 
form of gastroesophageal disease or 
functional dyspepsia. One should 
consider screening for Helicobacter 
pylori and then subspecialty referral. 
If the pain improves with stooling, it 
is either functional constipation (pain 
improves with laxative therapy) or ir-
ritable bowel syndrome (pain may or 
may not improve with laxative thera-
py). When the pain is centrally located 
and does not vary with meals or stool-
ing, it is consistent with functional ab-
dominal pain. 

It is important to provide a symp-
tom-based diagnosis of functional 
pain to the child and the family. 
These disorders are now considered 
to be disorders of gut-brain interac-
tion and should not be presumed to 
be made up or in the child’s head. 

Acknowledging the real nature of the 
symptoms can be helpful, along with 
emphasizing that the situation is not 
dangerous and many children will 
get better. Suggest making lifestyle 
changes as the first approach and 
then offer second-line options. 

When the symptoms are mild and 
early in the course of chronic pain, sim-
ple lifestyle changes can suffice. The 
family should understand that keeping 
the child functional will lessen the pain 
and not vice versa (eg, having a child go 
to school regularly will decrease pain.) 
Caregivers should be taught to deal 
with pain complaints empathetically 
but not focus excessively on it. 

In general, the 4 S’s form the corner-
stone of management: school, sports, 
sleep, and social activities. Despite 
the pain, the child should go to and re-
main in school (can be done gradually 
if needed). The child should have some 
form of physical activity for 1 hour a 

day, perhaps starting with 5 minutes 
a day and gradually increasing. The 
child should have a regular sleep 
schedule, and get at least 8 hours of 
sleep each night. Finally, social activi-
ties with the child’s friends and others 
should be encouraged. 

Some children develop symptoms 
of autonomic dysfunction, typically 
manifested by dizziness, which oc-
curs particularly with positional 
changes. Consuming 60 oz of water 
per day can help ease symptoms by 
lessening postural symptoms associ-
ated with hypo-hydration. 

In children with more severe symp-
toms, cognitive behavioral therapy 
and hypnotherapy have been shown 
to be helpful. Coexisting anxiety and/
or depression can be harbingers of 
long-term problems with abdominal 
pain and should be treated. These 
children should be seen by a pediat-
ric gastroenterologist and/or receive 
comprehensive care through a com-
prehensive pain management clinic. 

Abdominal migraine is a specific 
type of abdominal pain that is episod-
ic. It is related to migraine headaches 
and cyclic vomiting syndrome (CVS) 
and can be the pain equivalent of CVS. 
It is generally treated the same way as 
migraine headaches. 

Abdominal wall pain is common but 
frequently underrecognized. It wors-
ens with movement, but typically there 
are no symptoms pertaining to the di-
gestive tract. The pain may be very lo-
calized and worsens with tensing of the 
abdominal muscles. It can respond to 
nonsteroidal anti-inflammatory drugs, 
but occasionally children require a lo-
cal anesthetic injection.2

Diarrhea
Diarrhea is generally considered 
chronic when it lasts longer than 
4 weeks. There are innumerable 
causes of chronic diarrhea, and only 

TABLE 2 RED-FLAG SYMPTOMS AND 
SIGNS IN CHILDREN WITH VOMITING

SYMPTOMS AND SIGNS POSSIBLE CAUSES

Bilious emesis
Can suggest intestinal obstruction; particularly 
in infants, should be viewed as emergency to 
rule out malrotation and volvulus

Hematemesis Gastrointestinal  mucosal disease: esophagitis, 
peptic ulcer, or esophageal varices

Early morning emesis Intracranial pressure

Nocturnal emesis Gastroesophageal reflux disease, postnasal 
drip, or cyclic vomiting syndrome 

Failure to gain weight/weight loss Chronic gastrointestinal or other diseases

Diarrhea, rectal bleeding Enteropathies, food allergy

Abdominal distention Gastrointestinal obstruction, dysmotility

Provoked by dietary protein or fasting

Features suggestive of metabolic diseases 

Neurological problems: lethargy, 
coma, and seizures

Hepatosplenomegaly, jaundice

Odd odors in the breath or urine

Lab abnormalities: metabolic 
acidosis, hypoglycemia, 
hyperammonemia

Note: True recurrent vomiting is almost always pathological. These red-flag symptoms may provide clues to the etiology.
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the most common causes in children 
older than 6 months will be discussed 
here. Chronic diarrhea in young in-
fants is best dealt with by a pediatric 
gastroenterologist.

Lactose intolerance is common in 
non-White children and typically de-
velops after age 2.3 Apart from caus-
ing diarrhea, ingestion of milk or 
other dairy products can result in flat-
ulence, abdominal pain, and bloat-
ing. It can be managed by restricting 
lactose in the diet or administering 
lactase when the child consumes lac-
tose. A child who avoids dairy prod-
ucts should be given calcium and vi-
tamin D supplements. 

Postinfectious diarrhea is the per-
sistence of diarrhea after an infec-
tion.4 It is typically caused by tran-
sient loss of lactase and may respond 
to temporary lactose restriction—or 
it might not respond and can last 
months. These children likely need 
to undergo screening for organic 
disease including a stool calprotec-
tin, but if growth is unaffected and 
screening markers are negative, no 
specific intervention is needed.

A variety of medications includ-
ing antibiotics can provoke diarrhea. 
When it is antibiotic induced—and 
even when it is not—Clostridioides 
difficile infection must be ruled out. 

Toddler diarrhea is a common 
cause of chronic diarrhea in children 
aged 6 months to 5 years. The stools 
can vary from semisolid to loose and 
may contain undigested food. It is 
likely that this type of diarrhea is relat-
ed to unabsorbed sugars such as fruc-
tose or sorbitol, but it may or may not 
respond to dietary restriction of these 
sugars. If the child is growing and has 
no other symptoms, no specific test-
ing/therapy is recommended. 

Certain immune causes should 
always be considered in any child 
with chronic diarrhea. Celiac disease 
should be ruled out in children who 
are consuming gluten irrespective 
of the presence of other symptoms. 
Food protein–induced proctocolitis, 
a common problem in infants, is usu-
ally triggered by exposure to cow’s 
milk protein (or another antigen) and 
causes either blood in the stool or 
bloody diarrhea. It usually resolves by 
age 1.5 Chronic food protein–induced 
enterocolitis, which is less common, 
can cause chronic diarrhea, vomiting, 
and poor weight gain and typically re-
solves by age 3.5 Inflammatory bowel 
disease should be considered in all 
children with chronic diarrhea with 
hematochezia, growth concerns, and 
abdominal pain with red-flag symp-
toms (Table 1). Except for infantile 

food protein–induced proctocolitis, 
all other causes of immune diarrhea 
need subspecialty referral.

Vomiting
Recurrent vomiting can be chronic or 
cyclic. Some of the more common red 
flag symptoms are shown in Table 2. 
Chronic vomiting presents with dai-
ly emesis. These children have 1 to 
2 emeses per day and are not very ill 
or dehydrated. GI causes predomi-
nate among the causes of recurrent 
emesis. Common among these are 
eosinophilic esophagitis, peptic ul-
cer disease, and Crohn disease. Psy-
chobehavioral causes, such as rumi-
nation and bulimia nervosa, can also 
cause recurrent vomiting. Rumina-
tion is not an uncommon cause of 
what appears to be vomiting.6 It is re-
peated painless regurgitation and ei-
ther chewing or expulsion of food that 
usually occurs soon after a meal and 
not during sleep. There is no retching 
seen. Children usually respond well 
to behavioral therapy in the form of 
diaphragmatic breathing.

Regurgitation occurs when food 
is brought into the stomach without 
the muscular activity seen in vomit-
ing. It is commonly seen in infantile 
gastroesophageal reflux (GER), typi-
cally peaking around 4 months of 
age and subsiding by 1 year. “Happy 
spitters” do not require further inves-
tigation or treatment. When children 
who appear to have GER exhibit other 
symptoms such as poor weight gain, 
irritability, and fussiness, it may be 
reasonable to attempt thickening of 
the feeds.7 If this does not help and 
particularly if there is a strong fam-
ily history of atopy, a trial of a hydro-
lysate formula can be considered.7

Acid blockade, particularly with pro-
ton pump inhibitors, is unlikely to  
benefit these infants. When symp-
toms of GER persist beyond 18 

TABLE 3 RED-FLAG SYMPTOMS AND SIGNS  
IN CHILDREN WITH CONSTIPATION

SYMPTOMS AND SIGNS POSSIBLE CAUSES

Constipation present from birth or 
early infancy

Can suggest Hirschsprung disease or other 
congenital anomalies causing constipation

Persistently narrow diameter stools Anal stenosis

Failure to gain weight/weight loss Chronic gastrointestinal or other diseases 
(cystic fibrosis, celiac disease, Hirschsprung disease)

Decreasing height percentiles Thyroid disease, celiac disease

Abdominal distention Gastrointestinal obstruction, dysmotility
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months, the child should be referred 
to a pediatric gastroenterologist. 

Most older children with recurrent 
emesis should also be referred to a pe-
diatric gastroenterologist. 

With cyclic vomiting, children 
have intermittent episodes of large 
numbers of emesis associated with 
pallor, listlessness, and dehydration.8

Non-GI causes tend to predominate; 
about one-third of these patients have 
CVS, a condition related to migraine. 
Episodes are stereotypical or resem-
ble each other. This episodic pattern 
of vomiting also can be seen in renal 
(acute hydronephrosis from uretero-
pelvic obstruction), endocrine (dia-
betic ketoacidosis, Addison disease), 
or metabolic disorders.

Children with cyclic vomiting 
should undergo an upper GI study 
to rule out malrotation. This should 
also be done in children with recur-
rent emesis because volvulus caused 
by malrotation, although rare, is a 
potentially preventable life-threat-
ening condition. Children with 
cyclic vomiting should also have a 
renal ultrasound. CVS is typically 
treated with antimigraine medica-
tions and should be managed by a 
pediatric gastroenterologist. 

Constipation
Constipation affects up to 30% of chil-
dren and accounts for about 5% of 
all visits to pediatricians. Function-
al constipation is responsible for the 
vast majority (> 95%) of cases in oth-
erwise healthy children 1 year and 
older and is particularly common 
during the preschool years. It is typ-
ically diagnosed by the presence of 
hard, painful stools that are difficult 
to pass and can be accompanied by 
retentive posturing.

All children with constipation 
should be assessed for red-f lag 
symptoms (Table 3).9 Their growth 

should be assessed and, apart from 
a thorough abdominal examination, 
should undergo an examination of 
the lower spine and the perianal re-
gion. Ideally, a rectal examination 
also will be done. In functional con-
stipation, apart from fecal masses in 
the abdomen and a firm fecal mass 
at the anal verge, findings should be 
normal. Children with red-flag symp-
toms or signs should be referred to a 
pediatric surgeon or pediatric gastro-
enterologist as appropriate.

Caregivers of children with func-
tional constipation should be edu-
cated on the pathophysiology of the 
condition (a YouTube video found 
at tinyurl.com/pooinyou can be 
helpful). The child should then be 
cleaned out to begin the treatment. 
This is best accomplished with 2- or 
3-times-daily doses of polyethylene 
glycol after which the child should 
be placed on a daily dose of polyeth-
ylene glycol and encouraged to sit 
on the toilet twice daily after meals. 
The laxative therapy should be con-
tinued for at least 12 to 24 months, 
and the toilet sitting should become 
part of the child’s daily routine. Toi-
let training should be deferred until 
the child is having regular, painless, 
soft-to-loose stools daily, and laxa-
tive therapy should be continued for 
3 to 6 months after toilet training is 
accomplished.

Failure to gain weight
This condition is referred to as fail-
ure to thrive or malnutrition. There 
are now new criteria for malnutrition 
based on z scores.10 Children should 
be considered malnourished when 
their weight-for-length z score (for 
children under age 2) or body mass 
index–for-age z score is less than 2 
(second percentile). Poor weight 
gain is usually caused by insuffi-
cient intake in calories. Most children 

do not need a work-up unless they do 
not respond to first-line therapies (see 
Table 4 in the online article).

When children do not respond to 
these therapies or exhibit other signs 
of chronic disease, screening labora-
tory studies may be needed. These 
should include complete blood cell 
count, metabolic panel, erythrocyte 
sedimentation rate, and C-reactive 
protein. Children consuming gluten 
should be screened for celiac disease 
(see Box online). Those who are not 
responding to first-line therapies or 
have positive screening labs need re-
ferral to a pediatric gastroenterologist.

Feeding disorders
Pediatric feeding disorder (PFD) has 
been defined as impaired oral intake 
that is not age appropriate and is as-
sociated with medical, nutritional, 
feeding skill, and/or psychosocial 
dysfunction (see Table 5 in the on-
line article).11 PFD is common and 
seen in roughly 1 of 30 young children 
and in 1 of 4 young children with oth-
er chronic diseases; it often coexists 
with malnutrition.

Infants who exhibit feeding prob-
lems should be evaluated by a speech-
language pathologist or occupational 
therapist with experience in this area. 
Older children should, ideally, be 
evaluated by specialists in all 4 of the 
disciplines in which dysfunction can 
be seen in children with PFD: a pedi-
atric gastroenterologist, a dietitian, a 
speech-language pathologist, and a 
pediatric psychologist. 

Praveen S. Goday is a professor 
of pediatrics, division of Pediatric 
Gastroenterology and Nutrition, 

Medical College of Wisconsin in 
Milwaukee. He has nothing to disclose.

For references and additional 
tables and graphs, go to 

ContemporaryPediatrics.com/GI-
disorders-red-flags-and-treatments

pediatric psychologist. 
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respiratoryDISORDERS

Allergic rhinitis/hay fever 
Pollens
Common environmental aeroallergens 
include pollen (tree, grass, weed), dust 
mites, mold, pet dander, and mouse. En-
vironmental allergies are increasing: It is 
estimated that up to 40% of children have 
symptoms of allergic rhinitis.2 In 2018 in 
the United States, there were 12 million 
doctor visits for which allergic rhinitis was 
listed as the primary diagnosis.3 The rise 
in allergic rhinitis (hay fever), is likely mul-
tifactorial, with climate change playing a 
pivotal role because of rising temperatures 
and carbon dioxide levels. With global 
warming and climate change, pollen sea-
sons are longer, and more pollen is pro-
duced. Drastic swings in temperature may 
potentially make pollens more potent.1 It 

takes a few seasons of exposures for pedi-
atric patients to develop allergic rhinitis, 
and the risk increases with age. A study in 
Europe estimated that the number of pa-
tients with ragweed allergies would double 
in the next few decades in some regions,4

but the effects of climate change and aller-
gies are not limited to pollen.

Mold
Rising temperatures with increasing hu-
midity also create an ideal breeding ground 
for mold.1 These conditions may contribute 
to more mold proliferation outdoors, which 
can have harmful health effects, especially 
for patients with asthma. In one study, asth-
ma death rates were twice as high when the 
amount of Alternaria was high outdoors.5  

Asthma
Allergic asthma
The majority of asthma is allergic in the pe-

Lakiea Wright is a board-
certified allergist and 
associate physician at 
Brigham and Women’s 
Hospital in Boston, 
Massachusetts. Wright 
has disclosed that she 
is the medical director 
of US clinical affairs at 
Thermo Fisher Scientific 
in the ImmunoDiagnostics 
Division, which does not 
prevent her from delivering 
an unbiased presentation.

Allergies, asthma, 
and climate change 

Rising global temperatures are detrimental to not only our 
ecosystem but also our health by, for example, affecting the 
food supply and exacerbating diseases.1 Many studies have 
examined correlations between climate change and illness, 
from cardiovascular to respiratory disease. For allergies 
and asthma, emerging data highlight the effects of climate 
change, such as contributing to the onset of allergic diseases 
and asthma and creating conditions that worsen preexisting 
allergies and asthma.1

LAKIEA WRIGHT, MD, MPH, MAT
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diatric population. Multiple fac-
tors contributing to climate change 
and its effects on environmental al-
lergens (eg, pollen and mold) may 
cause the development of asthma or 
worsening of symptoms. Some stud-
ies have demonstrated that climate 
change effects result in pollens that  
exhibit stronger imunoglobulin E 
binding, such as birch pollen, which 
may contribute to pollen-induced 
asthma exacerbations.1

Along with global warming and 
climate change come increased 
precipitation and flooding in some 
regions that can contribute to the 
proliferation of mold. Dampness is 
associated with mold proliferation, 
which is known to contribute to the 
development of asthma and worsen-
ing of asthma symptoms.5 In the af-
termath of Hurricane Katrina, studies 
demonstrated dwellings that were 
flooded had more mold, and imple-
menting environmental remediation 
help reverse the adverse respiratory 
effects.5

Thunderstorm asthma
After thunderstorms, asthma attacks 
and rates of asthma-related emer-
gency department (ED) visits re-
portedly rise, a phenomenon termed 
“thunderstorm asthma.” It has been 
postulated that thunderstorm asth-
ma is mainly driven by grass pollens, 
but some weed pollens and molds 
may play a role too. Larger parti-
cles of pollen and mold are broken 
into smaller particles that increase 
the concentration in the air. During 
thunderstorms, high winds allow the 
smaller particles to travel farther, 
and they may also travel deeper into 
the lungs and trigger asthma flares 
or respiratory symptoms.1

Pollution
With the rise in carbon emissions 

1 Take a detailed history, including an environmental 
and social history. 
A.  Inquire about the built environment: dampness in 

home or school, history of flooding or leaks, signs 
of visible mold.  

B.  Location of the home/school: proximity to roadways   

2 Identify resources for environmental remediation 
(eg, US Department of Housing and Urban 

Development Healthy Homes Programs). 

3 Refer to social workers or case managers when 
appropriate 

1 Identify triggers: keep a diary of respiratory 
symptoms and potential triggers.
A.  In some cases, allergy testing may be appropriate 

for common environmental allergens (eg, IgE blood 
test or skin prick test).    

2 If pollen and/or weather are triggers, keep track of 
pollens, temperature, and air quality. Avoid going 

outside in extreme weather, when pollen counts are 
high or air quality is low.

3 Keep windows closed in the car and at home. 

4 Wear a mask with a small particle filter, which 
can help reduce exposure to some environmental 

allergens and pollutants. 

5 Avoid going outdoors before thunderstorms.  

TABLE 1  CLINICAL APPROACH AND 
ASSESSMENT OF LIVING CONDITIONS 
AND THE BUILT ENVIRONMENT

TABLE 2  ENVIRONMENTAL MITIGATION 
STRATEGIES FOR PATIENTS WITH 
ALLERGIES AND ASTHMA 
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and other pollutants, these gases get 
trapped in the atmosphere and di-
minish the air quality. Major pol-
lutants including nitrogen dioxide 
(NO

2
), ozone, diesel fuel exhaust par-

ticles, and particulate matter are all 
known to exacerbate asthma. Pollut-
ants also increase the permeability 
of the respiratory tract and may en-
hance the effects of pollens in suscep-
tible individuals.6

Wildfires
The increasing number of wildfires 
may also contribute to the develop-
ment of respiratory disease, including 
asthma. This is particularly impor-
tant in pediatric populations because 
of the small surface area of their 
lungs. Just a small amount of wildfire 
air pollution exposure can have dan-
gerous effects on respiratory health. 
In a recent California study, partic-

ulate matter from wildfires was 10 
times worse compared with ambient 
particulate matter exposures, result-
ing in more ED and urgent care visits 
for respiratory symptoms, including 
asthma flares, cough, and wheeze, in 
children.7 Recent findings published 
in JAMA linked wildfires with higher 
atopic dermatitis flares, and patients 
reported worsening pruritus.8

Health disparities
Communities of color and low-in-
come communities suffer dispropor-
tionately from prevalence, morbidity, 
and mortality in many disease states. 
Black and Puerto Rican people have 
twice the asthma prevalence of White 
people, as well as higher asthma mor-
bidity. There is a higher exposure to 
ambient air pollution (which exacer-
bates asthma) in communities of col-
or. In a California study, despite fuel-

efficient cars, traffic-related NO
2 
levels 

were higher in communities of col-
or and low-income neighborhoods. 
Levels were 37% higher in non-White 
communities.9 Living conditions and 
the environment play a pivotal role 
because vulnerable populations are 
disproportionately affected. In com-
munities of color, schools may have 
closer proximity to roadways, which 
contribute to asthma morbidity. Pre-
natal and childhood exposures to pol-
lutants can have a synergistic effect on 
respiratory health. 
     To help patients in the fight against 
environmental influences mentioned 
in this article, see Table 1 (to help clini-
cians assess living conditions), and Ta-
ble 2 (mitigation strategies for patients 
with allergies and asthma.)9  

For references/more content,
go to ContemporaryPediatrics.

com/climate-change

with allergies and asthma.)

com/climate-change

A newborn with fever and tremors CONTINUED FROM PAGE 15

PUZZLER

screening identifies substances that can elicit newborn 
withdrawal symptoms. Including nicotine and/or its me-
tabolites in the meconium drug screen helps discern the 
level of exposure and assists in the management of with-
drawal symptoms. Here, a urine level of 3-OH cotinine was 
measured. Although not a routine newborn screen for drug 
withdrawal, measuring urine 3-OH cotinine was invalu-
able in confirming the diagnosis of nicotine withdrawal. 
With this lab result, we were steered away from opioid-
related interventions such as methadone and morphine. 
Measurement of nicotine and/or its metabolites (either in 
the urine or meconium) should be considered in routine 
screening tests for newborns with withdrawal symptoms.

Treatment and patient outcome
Nicotine withdrawal in newborns should be managed with 
supportive care and will self-resolve in days. Phenobarbi-
tal may be considered for seizures related to severe with-
drawal. IV fluids may be administered if symptoms inter-

fere with feeding and result in dehydration. Our patient’s 
symptoms resolved over 4 to 5 days. He was followed by a 
pediatrician for outpatient evaluation and management. Un-
derstanding the prevalence of nicotine abuse via e-cigarettes 
and the severity of the neonatal withdrawal syndrome are es-
sential components of  care for exposed newborns. 

COMMENTS? E-mail them to llevine@mjhlifesciences.com

Gregory Nalesnik is a resident physician in pediatrics at 
Hackensack Meridian Jersey Shore University Medical Center 
in Neptune, New Jersey. 

Ilana Torine is an assistant professor, Hackensack Meridian 
School of Medicine in Nutley, New Jersey.
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Parents can be very confused and 
worried about the behavior of their 
adolescent children. The worries are  
exacerbated by real risks as adoles-
cents venture into real world demands 
and exposure to substance use. 

Teenagers can be much less pre-
dictable than grade school  –aged chil-
dren. They can be very dependent, like 
younger children, and then fiercely in-
dependent. They can be friends with a 
peer group parents consider appropri-
ate and, weeks later,  befriend a clique 
that is disreputable or delinquent. A 
teenager can cry on a parent’s shoulder 
one night and be distant, even reject-
ing, the next morning. They can talk 
about going to graduate school and 
then, without appreciating the discon-
tinuity, discuss dropping out or casu-
ally considering far-fetched careers 
such as being a rock star, with little 
understanding of the demands or odds 
against success those choices carry.

Parents will ask pediatricians to 
make sense of their teenagers’ behav-
ior and seek advice. They describe 
these behavioral changes and wonder 
which path their teenager will follow. 
Is today’s behavior transient or perma-

nent? Should a parent be supportive, 
unconditionally accepting, demand-
ing, critical, or impose tough love? 
Can the pediatrician predict future 
behavior or provide any reassurance 
that teenagers will straighten out? 

This article aims to provide the 
pediatrician with a framework for un-
derstanding adolescent behavior. Psy-
chology is but 1 lens through which 
to view adolescent development, but 
before highlighting this perspective it 
is important to note some other lenses 
that have major impact:   

Puberty: all the physical, sexual, 
and hormonal changes, plus the sec-
ondary psychological effects of the 
rate of change, variations in growth 
compared with peers, etc. Puberty 
includes mental development with 
variability in brain regions that af-
fect judgment, impulsivity, and emo-
tional vulnerability.1,2

Cognition: Intellectual ability and 
movement from concrete to abstract 
reasoning, appreciation of nuance, 
and a restless readiness to invest emo-
tionally and intellectually in philoso-
phy, religion, politics, etc.

Culture: family history and myths 
embedded in cultural/religious tradi-
tions and expectations.

Social class: the impact of privi-
lege, poverty, schooling, and neigh-
borhood (eg, gangs).

Psychological steps
Young people do not move in a lin-
ear fashion from childhood to ado-
lescence. Typical adolescent devel-
opment is characterized by moving 
forward toward adulthood and mov-
ing back toward childhood in cycles 
or a pendulum motion.3 However, the 
back-and-forth movement from more 
childish to more adult functioning is 
governed by emotions, which results 
in an even-uneven momentum. Some-
times the pendulum swings quite far 
back to a toddler-like tantrum, and can 
also move toward adult behavior dem-
onstrating a work ethic in dealing with 
a complex interpersonal situation in a 
very mature manner, or even being 
parental in soothing a stressed father, 
mother, or sibling.  All these move-
ments are typical and to be expected. 

This momentum is governed by 
puberty, expectations, relationships, 
culture, and cognitive and emotional 
development. The short-term retreats 
into childish behavior allow for a re-
spite, an easing of stress, and some 
new energy generated by an argument 
(clean up your room) or nurturance 
(I made your favorite dinner). After 
some time in childhood, the teenager 
is ready to meet the next challenge; 
for example, recovering from a rejec-

Helping parents cope 
with adolescent behavior

MICHAEL S. JELLINEK, MD 

A teenager’s day-to-day behavior can vary 
greatly. Here are some tips in understanding 
and navigating this challenging time.

behavioral health

CNTPED0721_024-026_BehavioralHealth.indd   24 6/29/21   9:54 AM



25J U LY  2 0 2 1   |   CON T EMPORARYP ED I AT R I C S . C O M

tion (by a friend) or defeat (not getting 
the desired role in a school play) to try 
again going forth more autonomously.

Two underlying factors add to the 
intensity of feelings for all concerned: 
loss and self-image. Of course, adoles-
cence brings wonderful opportunities, 
excitement, and is eagerly anticipated 
by late childhood. There will be much 
to accomplish; however, feelings of 
loss play a powerful role for parents 
and teenagers. For parents, time with 
a school-aged child seems endless, 
comfortable, not as complex.  At 13 or 
14 years, academic work gets more se-
rious, independent, and relevant to 
college hopes. Time becomes finite 
and imaginable—4 or fewer years 
until they leave for college. Adoles-
cents take risks autonomously, can 
keep secrets, choose and discard 
friends on their own, and can give 
up previously valued pursuits such 
as a sport or musical instrument. 

After 10 years of childhood intima-
cy, something is lost with the onset of 
puberty that can never be recovered. 
Arguments about bedtime or curfew, 
when to do homework, use of cell 
phones, and what to wear often reflect 
parental attempts to maintain control, 
to limit a sense of loss and the teenag-
er’s swing toward autonomy. 

There is a similar underlying sense 
of loss for the teenager. Although ex-
plicitly desperate to be more indepen-
dent, the teenager also knows that ex-
cept for short periods it is impossible to 
reverse development, to fully go home. 
There is a longing at times for the 
more dependent days but spending 
any length of time back in childhood 
is uncomfortable, a sense of dis-ease 
often remedied by a rapid pendulum 
swing toward adulthood sometimes 
facilitated by an irritable outburst.

To leave home (metaphorically) 
with a sense of certainty requires an 
enormous boost of self-confidence 

on the part of the teenager, a certainty 
that the adolescent can handle any 
situation, become a doctor, a lawyer, 
or both, or can make the varsity team 
or senior orchestra. Parental attempts 
to provide a realistic framework to 
deflate (and protect) the teenager’s 
unreasonable expectations are seen 
as insulting and even ignorant. Like 
an explorer boasting of leaving home 
base for uncharted territory, this burst 
of confidence is normal and neces-
sary rocket fuel to energize a journey 
to adolescent lands never experienced 
before puberty. This fuel also provides 

a false sense of safety or even infallibil-
ity, which adds to the lure and danger 
of risk-taking behavior. All these dy-
namics are expected and essential. 

Steps toward adult 
relationships
Younger teenagers will begin to form 
a more intense relationship with some 
adult outside the home. It may be a rel-
ative or neighbor, the parent of a friend, 
a teacher in an area of strength (piano, 
math), or a coach of a sport. At this age 
the teenager may spend more or as 
much time as possible at the neigh-
bor’s house or go to school early to be 
with the teacher. The nature of this at-
tachment will be deeper than to any-
one other than parents. Some parents 
will wonder why their 12- or 13-year-
old is so devoted to someone who has 
not raised them and is not that differ-
ent in parental/adult approach or val-
ues. This is a safe first step away from 
the parents while still holding on quite 
intensely to another adult prior to the 

next step which is a major commit-
ment to peer relationships. This move-
ment is often more of a sign of a close 
parental relationship and evolving an 
identity than rejecting the parents.

Usually after this investment in a 
nonparent adult relationship, a young 
teenager’s peers become increasing-
ly meaningful.4 The peers’ opinions 
about clothing, style, and relation-
ships gain importance. It is normal for 
the peer group to change, sometimes 
quite suddenly and radically, from an 
academic group to a sports group to, 
alarmingly, a more alienated group 

with use of substances or disdain 
for school. These shifts in group 
allegiances are part of trying on 
temporary identities to see which 
aspects may fit and which swing 
toward or away from parental ac-
ceptance and traditions. 

Early in the shift to nonparental 
adults and peer groups, many teen-
agers experience a crush—a moment 
when their sexual and personal attrac-
tion to another teen is so strong that the 
opportunity to catch sight of this new, 
critically meaningful peer is enough 
to sidestep a parent’s rule. Although 
this crush may not last long and may 
be one-sided, it is a moment that some 
believe signals the true psychological 
beginning of adolescence.   
     By mid-adolescence there are key 
adults including a coach, teacher, or 
adviser, as well as several peer groups 
that have been explored and tested as 
aspects of an emerging identity. These 
relationships have been augmented by 
videos, chats, social media, and thou-
sands of text and image communica-
tions between an inner circle of peers 
and a huge number of others influenc-
ing the teenager.

By later adolescence, identity be-
gins to solidify, though still plastic, and 
choices are about college and tentative 
career aspirations. More intimate in-

behavioral health

Young people do not move 
in a linear fashion from 

childhood to adolescence.
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terpersonal relationships supplement 
or at times supplant peer groups. To-
ward the end of adolescence, develop-
ment evolves into a firmer concept of 
“what my 20s will be like.” 

As the teenager experiences pu-
berty, family expectations, school 
demands, and peer acceptance and 
rejection, the stress can be over-
whelming. The only solution is to re-
treat, grieve, deflect, and reframe. The 
pendulum that has been in the zone of 
facing all these demands swings back 
and the adolescent may find solace 
with an intense investment in 1 peer 
group or activity to the exclusion of all 
else, a desperate leaving of the circum-
stances by running away or turning 
to drug use, or retreating by picking 
fights or seeking parental comfort. 

Time spent being childish is mov-
ing against the tide of puberty, mas-
tery, and development. The temporary 
comfort for normal adolescents will 
become increasingly uncomfortable 
and they will begin to swing back—
sometimes with irritability, sometimes 
with maturity. These swings are often 
microscopic, such as not caring about 
a difficult exam and afterward being 
able to move on with care (preparing 
better after a poor grade). 

Retreating for too long can signal 
a more serious pathological break in 
development, the pendulum being 
stuck in behaviors that block progres-
sion and are self-perpetuating, such 
as addiction, premature or promiscu-
ous sexuality, or serious violation of 
parental rules. These situations can 
make the teenager feel they have no 
way home. For 1 of every few thou-
sand teenagers in high school, the ef-
fort to reach adulthood feels hopeless, 
substance use and/or impulsivity im-
pair judgment, and/or there is a bio-
logic vulnerability to depression, all of 
which may tragically result in suicide. 
Further, under these stressors, some 

teenagers will have suicidal ideation 
and a smaller subset attempt suicide.

The parental worries about adoles-
cents vividly stick in our minds com-
pared with the good outcomes that 
are much more common. For the vast 
majority of teenagers, the pendulum 
swings are not as severe. Support sys-
tems at home and school, or the collec-
tive wisdom/judgment of peers are all 
adequate to the task, and movement to 
adulthood is mostly successful.  

The pediatrician’s role
The adolescent patient eliciting paren-
tal concern is an individual with a tem-
perament, personality, level of self-es-
teem, and strengths and weaknesses. 
When asked to evaluate the mental 
health of your patient, you are being 
given a parentally edited snapshot. 
The snapshot that brings the teenage 
patient to your attention is often an ar-
gument or a high-risk behavior that is 
an accurate reflection of that moment 
but is only 1 frame of a 10-year-long 
movie that starts from finding a school 
locker or having a crush and ends with 
graduating college. 

Almost nothing is harder than see-
ing  an upset, difficult, or depressed 
adolescent and fully understanding 
their personal struggles, helping par-
ents reflect on their own behavior, 
advising how to help their teenager, 
and predicting the future trajectory. 
Putting the snapshot into perspective 
means asking about preadolescent 
development and seeing whether any 
patterns or trauma are continuing to 
affect the pendulum movements. 

Threads of current loss, failed 
hopes, and peer and parental rela-
tionships can be followed from the 
current crisis back to earlier times to 
assess whether development proceed-
ed as expected. Is the behavior de-
signed to distant the parents? How is 
the adolescent functioning in school, 

at home, in activities? Do they have 
hope? Are they connected to friends, 
religion, school, or activities? Are they 
depressed or addicted to a substance? 

The pediatrician can take all this 
into account and humbly recommend 
some steps to meet the adolescent 
where they are and provide sugges-
tions to move the pendulum toward a 
developmental trajectory. These sug-
gestions could include parental advice 
on providing more support/structure 
or allowing more autonomy, refram-
ing a situation to recommend op-
tions (talking to a teacher or guidance 
counselor to deal with an academic 
problem), reframing the adolescent’s 
perspective, offering a follow-up ap-
pointment sooner to continue the dis-
cussion, or, if needed, a mental health 
referral. Sometimes sharing a similar 
situation from a previous patient or 
from one’s own experience can pro-
vide an option or hope.

Much of the pediatrician’s insight 
will be based on the quality of the re-
lationship between the teenager and 
this known, respected, nonparental 
adult. Building the relationship at ages 
10, 11, and 12 years is helpful. Creating 
a safe, kind, respectful setting is a ma-
jor step and listening with empathy 
and tolerance will often lead to a readi-
ness by the adolescent to listen. 

COMMENTS? E-mail them to 
llevine@mjhlifesciences.com
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PEDIATRICPEDIATRICpharmacology

Based on whether a seizure starts in 1 hemi-
sphere or both hemispheres simultaneous-
ly, it is classified as focal onset or gener-
alized onset, respectively. Levetiracetam 
(LEV) and valproic acid (VPA) are 2 com-
monly used broad-spectrum antiepileptic 
medications that can be used as first-line or 
adjunctive therapy in the treatment of sei-
zures. Adjunctive medications for LEV and 
VPA, pyridoxine (vitamin B  

6
) and carnitine, 

respectively, will be reviewed in this paper.

Levetiracetam
The mechanism of action of LEV is thought to 
be unknown. It is hypothesized that it blocks 
the presynaptic release of neurotransmit-
ters through blocking synaptic vesicle pro-
tein SV2A. Pyridoxine can be used to ame-
liorate the adverse effects (AEs) of LEV, which 
include aggression, agitation, and risk of sui-
cide, though, the mechanism by which it does 
so is unknown. Few recent controlled studies 
have evaluated the clinical benefit of adding 
pyridoxine to curtail the behavior AEs of LEV.   

Marino et al evaluated pyridoxine as an 
add-on treatment for the control of AEs that 
have been induced by LEV in pediatric pa-
tients.2 This clinical case-control prospective 
trial included pediatric patients, aged 7 to 16 

years, with generalized or focal idiopathic ep-
ilepsy. The study included 50 patients on LEV 
monotherapy, who were randomized into 2 
groups: LEV or LEV with pyridoxine. Dosing 
for LEV was similar in both groups, starting 
from 5 mg/kg per day up to 60 mg/kg per day. 
Pyridoxine was added at day 30, at a dose of 
7 mg/kg per day, with a maximum of 350 mg 
per day. AEs noted after starting LEV in both 
groups were aggression (48%-50%), confu-
sion (10%-12%), and depression (15%-20%). 
Intriguingly, these AEs resolved within 6 to 12 
days after the start of pyridoxine. Moreover, 
92% of patients initiated on pyridoxine did not 
need to change or stop treatment versus 76% 
of patients in the LEV group (P < .001). 

Mahmoud et al conducted the first ran-
domized double-blind controlled trial to 
quantify the effect of pyridoxine in decreas-
ing neuropsychiatric events in children while 
on LEV.3 Children who had behavioral symp-
toms that coincided with initiation of LEV 
therapy were included in this study. The treat-
ment group was initiated at a dose of 10 mg/
kg daily (maximum of 200 mg) of pyridoxine, 
whereas the placebo group was initiated at 0.5 
mg/kg daily. Daily doses were then titrated up, 
as needed, to 15 mg/kg in the treatment group 
and 0.75 mg/kg in the placebo group. The ef-
fects of pyridoxine were quantified through 
a behavioral checklist, which was filled out 

Adjunctive medications 
for epilepsy
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at baseline, and then at several points 
throughout the study. Overall, the av-
erage maintenance dose of LEV was 
found to be higher in the pyridoxine 
group versus the placebo group. The 
authors concluded that pyridoxine 
reduced behavioral symptoms by 
11% in the treatment group compared 
with 6% in the placebo group at week 
6 of therapy (P < .05). Furthermore, it 
was concluded that discontinuation 
of LEV was not needed with the ad-
dition of pyridoxine. Pyridoxine was 
well tolerated, with only 4% of patients 
reporting transient nausea that later 
subsided without intervention.

Valproic acid
VPA is a short-chain, branched fatty 
acid, the exact antiepileptic mecha-
nism of which is unknown. However, 
some identified mechanisms include 
potentiation γ-aminobutyric acid, in-
hibition of voltage sensitive sodium 
channels, antagonism of N-methyl D-
aspartate receptor–mediated neuronal 
excitation, and inhibition of histone 
deacetylase. VPA is generally well tol-
erated, but serious AEs including pan-
creatitis, bone marrow suppression, 
hepatotoxicity, and hyperammone-
mic encephalopathy may infrequent-
ly occur. Knowledge of the complex 
metabolism of VPA has led to further 
understanding of its hepatic complica-
tions and offers insights into its treat-
ment. In addition to glucuronic acid 
conjugation catalyzed by UDP-gluc-
uronosyltransferase enzyme, which 
is the principal VPA metabolic path-
way, mitochondrial β-oxidation and 
cytochrome P450 (CYP)–mediated 
ω-oxidation pathway are the other 
mechanisms by which VPA is metab-
olized.4 Mitochondrial β-oxidation 
of VPA requires carnitine, an ami-
no acid derivative, which transports 
VPA from the cytoplasm into the ma-
trix of the mitochondria. VPA, when 

used long term or in high doses, de-
pletes carnitine and in turn shifts the 
metabolism of VPA via mitochondri-
al β-oxidation to the CYP-mediated 
ω-oxidation pathway, which produc-
es metabolites that are hepatotoxic 
and interferes with and 
prevents the elimination 
of ammonia. Additional-
ly, VPA itself through its 
effect on kidneys contrib-
utes to the hyperammo-
nemia, which may lead to 
encephalopathy. Deple-
tion of carnitine inhibits 
mitochondrial fatty acid 
beta oxidation, causing 
further liver injury.5

Studies have shown 
that VPA causes dose-related increase 
in ammonia and decrease in carni-
tine.5-8 Since carnitine deficiency plays 
a part in VPA induced liver injury, car-
nitine is used in treating or reversing 
the hepatotoxic effects of VPA. Car-
nitine is generally well tolerated with 
only mild gastrointestinal upset and 
unpleasant fishy odor reported.9,10 VPA 
induced liver toxicity can range from 
asymptomatic elevation of liver en-
zymes or hyperammonemia to much 
rarer VPA-induced hepatotoxicity and 
hyperammonemic encephalopathy. 
Mild elevation in liver enzymes are 
usually reversible with time or dose re-
duction. Asymptomatic hyperammo-
nemia, which is sometimes seen even 
in patients with normal liver function, 
may also be reversed with VPA dose 
adjustment or oral L-carnitine supple-
mentation without necessarily discon-
tinuing VPA.1113 In cases of severe hepa-
totoxicity, discontinuation of VPA and 
early administration of L-carnitine 
could improve survival.5 VPA-induced 
hyperammonemic encephalopathy 
is another serious complication, but 
often reversible if promptly identi-
fied and requires discontinuation of 

VPA and treatment with L-carnitine, 
which has shown to reduce the am-
monia level.14-18 Decrease in ammo-
nia levels does not always translate to 
clinical improvement.19 Finally, L-car-
nitine may be used prophylactically to 

prevent VPA toxicity in 
certain high-risk popula-
tions, although there is a 
lack of controlled stud-
ies backing this. In 1998, 
the Pediatric Neurology 
Consensus Conference 
published recommenda-
tions for carnitine ad-
ministration in children 
with epilepsy.20 The com-
mittee recommended 
L-carnitine supplemen-

tation to be considered in children 
who are at high risk of hepatotoxicity, 
such as those less than 2 years of age 
with complex neurologic disorder or 
poor nutritional status; patients on a 
ketogenic diet; and those receiving 
polytherapy including VPA. In such 
vulnerable populations, measurement 
of serum carnitine may also be neces-
sary. The recommended daily dose for 
oral carnitine is 50 to 100 mg/kg or 3 
g, whichever is less. The intravenous 
dose, when used for metabolic rescue 
in acutely ill children, is higher at 150 
to 500 mg/kg a day.20

     In conclusion, pyridoxine and L-
carnitine can be safely used when in-
dicated to ameliorate the AEs of LEV 
and VPA, respectively. 
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As this article went to press, nearly 
half of all Americans were fully vac-
cinated against COVID-19. The relief 
is obvious as the world rushes back 
to open after more than a year under 
pandemic precautions. Airline travel 
has quadrupled compared with this 
time last year, and families are now 
eagerly planning vacations, sum-
mer activities, and visits with family  
and friends.1 

Although many parents—and 
about half of all children between 
ages 12 and 18—have been vacci-
nated, there still isn’t an approved 
vaccine for younger children.2 Par-
ents are torn between what they and 
their older, vaccinated children can 
do and what they can do safely with 
younger, unvaccinated children.

The Centers for Disease Control 
and Prevention (CDC) has released 
guidance for unvaccinated people 
of all ages, as well as specific infor-
mation to help pediatricians coun-
sel parents regarding safe activities 
for unvaccinated children and what 

types of precautions to follow.3

The CDC’s guidance for pediatri-
cians includes helpful keys with visual 
aids showing which precautions to use 
and when.4 Charts depicting masked 
and unmasked faces and color-coded 
in green, yellow, and red break down 
activity-specific advice about safety 
levels and what precautions for both 
vaccinated and unvaccinated people. 
Examples include the following:
�  Safest activities for unvaccinated 

people with no mask required—
outdoor activities with members 
of own household or small outdoor 
gatherings with vaccinated individuals

�  Safe activities for unvaccinated people 
wearing a mask—outdoor events with 
a mix of vaccinated and unvaccinated 
people

�  Less safe activities for unvaccinated 
people, even when wearing a mask—
dining outdoors with people from 
multiple households, visiting a salon 
or barbershop, going to an uncrowded 
indoor event, attending small indoor 
gatherings with vaccinated and 
unvaccinated people from multiple 
households

�  Least safe activities for unvaccinated 
people even when masked—attending 
crowded outdoor events, full-capacity 
indoor worship services, going to a 
movie theater, eating indoors at a 
restaurant, participating in an indoor 
exercise class or sporting event

Meanwhile, the CDC indicates that 
all these activities are safe without a 
mask for vaccinated individuals. 

Gary E. Kirkilas, DO, a Phoenix, 
Arizona, pediatrician and spokes-
person for the American Academy 
of Pediatrics (AAP), said counseling 
parents on what is safe for unvac-
cinated children can be difficult. 
“There are a million variables of dif-
ferent activities by location,” he said.

“It kind of helps to think in those 
4 terms because people think with 
outdoor activities, it is generally 
safe,” Kirkilas said, explaining that 
an indoor event with 1 family would 
be a safer choice than an outdoor 
event with many families. “Less con-
tact with multiple households for a 
short time is usually the way to go.”

What the CDC guidance lacks is 
advice on individual risk factors, 
Kirkilas added. That’s where pe-
diatricians come in. Pediatricians 
who know families, individual risk 
factors, and other nuances are well 
positioned to offer suggestions for 
COVID-19-safe activities.

Generally, Kirkilas asks the fol-
lowing questions to his patients and 
their families, and suggests these 2 

Keeping your child safe 
from COVID-19 this summer

RACHAEL ZIMLICH, BSN, RN

Parents and children are eager to get back to 
“normal” as the number of COVID-19 cases drops, 
so targeted education and individualized advice are 
important for families in an almost post –COVID-19 
world. Pediatricians can provide guidance about 
what is and isn’t safe.
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bullet points:
  Children and adults who are 

unvaccinated should wear a mask.

  Everyone, even vaccinated children 
and adults, should wear masks on 
public transportation.

This can pose a problem for 
parents who are eager to get back 
to “normal” but whose children 
may not understand why they 
need to take different precautions 
than their parents do.

Discussing COVID-19 precau-
tions with children can be challeng-
ing, Kirkilas said, especially as more 
parents get vaccinated before their 
children are eligible. For younger 
children, he says, parents should set 
a good example: Wear a mask—even 
if vaccinated—to encourage younger 
children to do the same. Don’t over-
explain COVID-19 precautions if 
children ask about adults who aren’t 
wearing masks. Simply explain that 
until they get a shot to protect them 
from getting sick, they need to con-
tinue wearing a mask to stay safe.

For older children, Kirkilas said, 
a conversation using plain language 
should suffice. Explain the impor-
tance of masks and why children 
might need to wear one even if their 
parents don’t. Pediatricians can also 
help talk with older kids about the 
issue. Although the AAP and other 

organizations have not taken official 
stances on recommending vaccines 
still under emergency use authoriza-
tions, Kirkilas said pediatricians can 
help clear up vaccine misinformation 
that kids aged 12 to 15 years are espe-
cially susceptible to believing.

Official support and education 
campaigns from national medical 
groups may arise as vaccines gain 
authorization and expanded use in 
children. Kirkilas said that Pfizer is 
currently investigating the vaccine 
in children aged 5 to 11 and 2 to 5 
years. Dose changes may be needed 
in these age groups, whereas the 
dose for children aged 12 to 15 years 
is the same as for adults. Emergency 
use authorizations for children un-
der 12 are expected between fall 2021 
and the start of 2022, Kirkilas said.

The whole family should partici-
pate in the vaccination discussion, 
according to Kirkilas. “The mistake 
that’s made sometimes is when you 
just talk to the parent,” he said. “You 
really need to involve the child.” Le-
gally, children under 18 must have 
consent from a parent, he said, but 

older children appreciate being in-
volved in the conversation about why 
they are getting the vaccine and how 
it works. 

Pediatricians also will need to 
communicate with parents who have 
chosen not to vaccinate. “As pediatri-

cians, a lot of us are used to par-
ents being for or against vaccines. 
All you can do is provide educa-
tion about what it does and why it 
would be good,” he said, adding 
that he compares the COVID-19 
vaccine to more traditional vac-

cines like the influenza shot. “I try to 
link things that are known to things 
that are unknown. And remember to 
be respectful when talking to teens 
and parents who have chosen not to 
vaccinate.” 
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Kirkilas usually starts with 3 questions when parents ask him about certain activities:

1Where are you doing it? 2 What is the activity? 3How long will it last?

Families are now eagerly 
planning vacations and 

summer activities.
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Discussion
Phytophotodermatitis is a cutaneous 
reaction caused by phototoxic com-
pounds, present in certain plants, and 
subsequent sunlight exposure.1 These 
phototoxic compounds, known as fu-
rocoumarins, are produced by many 
common plants including lime, lem-

on, grapefruit, celery, 

carrot, parsnip, fig, celery, and dill.2,3

After the affected skin comes in con-
tact with substances in these plants 
and is exposed to UV-A (280-315 nm) 
light, furocoumarins cause cellular 
damage and injury to the epidermis 
typical of sunburn.4 Signs of inflam-
mation such as erythema, edema, and 
bullae typically form within 24 hours.4

Lesions appear only on sun exposed 
areas of the body that come in direct 
contact with the plant substances. 
They may take on bizarre forms, de-
pending on how the phototoxic com-
pounds come into contact with the 
skin. Lesions heal in 1 to 2 weeks 

and are replaced by hyperpigmenta-
tion, which may take several weeks 
or months to resolve.4 Short sunlight 
exposure may result in subtle asymp-
tomatic erythema that goes unnoticed 
until the hyperpigmentation develops. 

Differential diagnosis
The differential diagnosis for phy-
tophotodermatitis includes contact 
dermatitis, bruising, and cellulitis. 
Contact dermatitis may be caused by 
irritants or external allergens. Irri-
tant contact dermatitis (ICD) is more 
common and is nonimmune mediat-
ed. Anyone can develop ICD with suf-

Bernard A Cohen, MD, section editor for Dermcase, professor of pediatrics and dermatology, Johns Hopkins University School of 
Medicine, Baltimore, Maryland

You are asked to evaluate 
a 17-year-old boy who 
developed linear brown 
spots on his abdomen 

and chest while on a beach vacation 
with his family the week prior. The 
patient fi rst noticed the lesions a 
few days after he made a freshly 
squeezed limeade and spent the day 
at the beach. On examination, he has 
hyperpigmented macules of varying 
sizes located on the torso. Upon 
closer inspection, the lesions appear 
to have bizarre shapes consistent 
with streaks and drips. The lesions are 
asymptomatic (Figure). 

Figure  Bizarrely shaped hyperpigmented lesions on trunk 
of teenage boy.

MARIA LESZCZYNSKA, MD

LIME DISEASE/ 
PHYTOPHOTODERMATITIS 

DERMCASE

A case of lime disease 
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When kids are sick, there’s no time to teeter. The faster the When kids are sick, there’s no time to teeter. The faster the 
diagnosis, the quicker you can make treatment decisions. The 
BioFire® FilmArray® Gastrointestinal (GI) Panel helps identify potential 
culprits by testing for 22 of the most common GI pathogens, all in 
about an hour helping you feel more confident about your clinical 
management plan. Get decisions off the see-saw by getting fast, 
accurate, and comprehensive testing with the BioFire GI Panel.
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deserve
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Decreased time-to-results. 84% reduction in time-to-results
compared to traditional testing methods.1

Increased diagnostic yield. 25%-36% more potential
pathogens detected compared to traditional testing methods.1-4

Improved treatment decisions. 41% increase in 
targeted therapy.2

Reduced unneeded antibiotics. Patients were 11% 
less likely to be prescribed antibiotics.3

Reduced unnecessary testing. Decreased downstream 
procedures, such as X-rays, ultrasounds, CT scans, 
and endoscopies.1,3

biofiredx.com/filmarraygi
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gastroenteritis. 2018. Clin Infect Dis. 2018 Nov.13; 67(11):1688-1696.  3. Axelrad JE, et al. Impact of gastrointestinal panel implementation on health care utilization and outcomes. J Clin Microbiol. 2019 Feb, 57(3)e01775-18.  4. Spina A, et al. 
Spectrum of enteropathogens detected by the FilmArray GI Panel in a multicentre study of community-acquired gastroenteritis. Clin Microbiol Infect. 2015 Aug. 21(8):719-28.
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ficient exposure to a substance such 
as an acid, alkali, or oil. Previous con-
tact with the irritant is not necessary, 
unlike in allergic contact dermatitis 
(ACD), which requires prior sen-
sitization. ACD is a type IV hy-
persensitivity reaction. Common 
contact allergens include metals 
such as nickel, fragrances, preser-
vatives, neomycin, rubber chemi-
cals, and para-tertiary-butylphe-
nol-formaldehyde resin.5 Unlike 
phytophotodermatitis lesions. 
which are often asymptomatic or 
minimally painful, the predominant 
symptom in contact dermatitis is pru-
ritus. Bruising may be seen secondary 
to minor accidents and also to nonac-
cidental trauma. Phytophotoderma-
titis may be mistaken for child abuse, 
especially when it presents as well-de-
marcated “hand-shaped” marks and 
burnlike lesions.6 Unlike the lesions of 
phytophotodermatitis, bruises are not 
typically uniform in color. and they 
change hues as hemoglobin breaks 
down.7

Cellulitis is an infection of the der-

mis and subcutaneous tissue.8 Pain 
tends to be significant and accompa-
nied by other classic signs of inflam-
mation including redness, warmth, 

and swelling. In addition, the borders 
of cellulitis are usually poorly demar-
cated. The borders of phytophotoder-
matitis are well demarcated and lim-
ited to areas of phototoxic compound 
and sun exposure.

Treatment
Phytophotodermatitis is a self-limited 
condition and usually does not require 
treatment. Immediate treatment 
may involve removal of the offend-
ing plant substance and supportive 
care. Topical corticosteroids and cold 
compresses may alleviate pain.6

Patient outcome
Phytophotodermatitis was diagnosed 
clinically and treatment was not re-
quired. The teen was counseled on 

how to avoid future episodes in-
cluding washing hands with soap 
and water after coming into con-
tact with plants known to cause 
phytophotodermatitis. The im-
portance of sun protection in-
cluding the use of broad-spectrum 
sunscreen, wearing sun-protec-
tive clothing, and avoiding the sun 

during peak hours was also reviewed.
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These phototoxic compounds 
are produced by many plants, 

including lime, lemon, 
grapefruit, and celery.

Health care for a family of 4 covered by an 
average employer-sponsored insurance 
plan dropped for the first time in 2020.

According to the 2021 Milliman Medical 
Index (MMI) report, this hypothetical family 
of 4 would have paid $26,078 for health care 
in 2020, down 4.2% from $27,233 the year 
before. This is the first time in the history 
of the MMI that health care costs have 
decreased, likely because of eliminated 
and deferred care offsetting the cost of 
COVID-19 testing and treatments.

The report also notes that lifestyle 

changes driven by the pandemic could 
have contributed to less demand for acute 
care while digital health and telehealth 
utilization rose. It is unclear whether these 
factors will persist moving forward.

For 2021, the report showed that the 
health care costs for the same hypothetical 
American family of 4 in 2021 will be $28,256, 
about an 8.4% increase, driven by a 
forecasted rebound in health care utilization. 
The increase is higher than historical health 
care cost increases and gross domestic 
product growth over the past 5 years.

The report notes that care management 
will likely be key to controlling health care 
costs in 2021 and beyond.

Although the 2020 MMI report was 
filled with uncertainty, the 2021 report is 
even more precarious. As experts look to 
COVID-19 vaccine penetration rates, public 
health policy, and individual responses to 
new developments, this uncertainty may 
grow, according to the report. 
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Health care costs decreased for the first time, likely because of 
deferred care.  KEITH A. REYNOLDS

Health care costs fell to historic drop in 2020
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Diagnosing deadly pediatric meningitis without the right tools can feel like a 
race against time—especially with ambiguous overlapping symptoms. Fast, 
comprehensive laboratory results from the BioFire® FilmArray® Meningitis/
Encephalitis (ME) Panel can fast track answers, shortening time to 
diagnosis by four days.1 Identifying the probable cause sooner means you 
can prescribe targeted treatment and impact antimicrobial therapy – 
reducing both acyclovir and antibiotic duration by two days.2 Every minute 
counts when it comes to meningitis. The BioFire ME Panel can help.  

“It has impacted my practice here and I don’t think I’d want 

to practice without it because I do feel the patients receive 

better care because we do have this available.”

Estela O’Daniell, MD, FAAP
Medical Director Emergency Department
Driscoll Children’s Hospital

1. O’Brien MP, et al. 2018 Pediatr Infect Dis J. 37(9):86
2. Moffa MA, et al. 2020 Antibiotics (Basel). 26;9(6):F282.
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When it comes to 
meningitis, time to 
diagnosis is critical.
Get patients on the right therapy sooner
with rapid results from BioFire.
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“It has impacted my practice here and I don’t think I’d want 

to practice without it because I do feel the patients receive 

better care because we do have this available.”

Estela O’Daniell, MD, FAAP
Medical Director Emergency Department
Driscoll Children’s Hospital

1. O’Brien MP, et al. 2018 Pediatr Infect Dis J. 37(9):86
2. Moffa MA, et al. 2020 Antibiotics (Basel). 26;9(6):F282.
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When it comes to 
meningitis, time to 
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Get patients on the right therapy sooner
with rapid results from BioFire.
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