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CASE PRESENTATION

A four-year-old male presented to the emergency department (ED) at a large academic health center in northcentral Florida
with sudden onset of breathing difficulty, following several days of nasal congestion and cough. He has a history of recurrent
episodes of wheezing following upper respiratory infections typically treated with an albuterol nebulizer at home. He had
been unable to use his nebulizer prior to presentation due to a machine malfunction. His wheezing episodes typically occur
1-2 times per year with no symptoms between episodes. His last episode was a month prior to presentation to the ED. He has
no history of hospitalization or activity limitation. His past medical history is significant for allergic rhinitis treated with oral
cetirizine and montelukast. Family history is significant for asthma in his mother and elder sister.

On physical exam, he is in significant respiratory distress with subcostal retractions, nasal flaring, and poor air movement.
Oxygen saturation is 76% on room air with a respiratory rate of 38 breaths per minute and speech limited to 1-2-word
answers. Scattered wheezes are present in all lung fields. He is tachycardic with a heart rate of 146. Physical exam is otherwise
unremarkable.

In the ED, he received intravenous magnesium sulfate and three doses of ipratropium bromide/albuterol. He was started on
a course of oral systemic corticosteroids and placed on high flow nasal cannula (15L, FiO2 100%). Continuous albuterol was
initiated and he was admitted to the pediatric intensive care unit for management of his respiratory failure. Chest x-ray showed
peribronchial thickening without focal infiltrate. A respiratory panel was positive for rhinovirus. His condition improved and
he was weaned to room air with q4h albuterol the following day.

BACKGROUND

Asthma is the most common chronic disease of childhood affecting 6.1 million children in the United States with a prevalence
of 8.3%. According to data from the CDC 2001-2016 National Health Interview Survey (NHIS), prevalence varies considerably
based on social factors. With relation to the federal poverty level (FPL), children in households greater than 250% FPL have a
prevalence of 6.7-9% while children in households below 100% FPL have a prevalence of 10.5%. The NHIS also considers race
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as a variable for differential trends and outcomes in children with asthma. This categorization is contentious given the lack
of biological support for race and its poor performance as a surrogate for sociodemographic factors resulting from systemic
discrimination; however, it can be used to highlight the stark health disparities present. Among non-Hispanic black (NHB)
children, prevalence is 15.7% compared to a prevalence of 7.1% in non-Hispanic white (NHW) children. Additionally, 22.5% of
NHB children with asthma required at least one ED visit over the course of a year compared to only 12.5% of NHW children.!

The morbidity associated with pediatric asthma places significant social and economic burdens on families and on the
healthcare system. Children with asthma have a 54% higher rate of school absenteeism compared to those without, introducing
a potential negative impact on cognitive development, school performance, and future economic mobility.” Additionally,
adult family members of asthmatic children have a 16% increase in missed workdays leading to lost wages.’ According to
data from 2007-2013, healthcare costs attributable to pediatric asthma reach 5.92 billion per year nationally with a per patient
expenditure of $3,076.* These burdens worsen socioeconomic disparities that are already present for many of our families.

Despite current emphasis on evidence-based medicine, it takes an average of 17 years for new developments in the literature
to be incorporated into clinical practice.® In an effort to minimize delays, the National Asthma Education and Prevention
Program (NAEPP) synthesizes recent research in the field to provide recommendations that balance symptom control with
side effects while considering behavioral patterns that influence treatment adherence in order to minimize the impact of
asthma.” The newest guidelines released in 2020 marked the first update in pediatric asthma care by the NAEPP since 2007.
This update introduces several significant shifts in first-line asthma management for pediatric patients with major changes
related to the use of inhaled corticosteroids (ICS).

DISCUSSION

At the time of publication of the 2007 NAEPP Asthma Guidelines, there was insufficient evidence to support the use of
intermittent inhaled corticosteroids (ICS) as standard practice. We have since seen a dramatic shift in the literature that now
favors use of intermittent ICS as the standard of care in specific pediatric populations with asthma. These populations are
(1) children ages 0 to 4 years with recurrent wheezing, (2) children ages 4 years and older with moderate to severe persistent
asthma, and (3) children ages 12 years and older with mild persistent asthma.

Side-by-side comparison of traditional and updated management strategies can be used to further conceptualize recommended
practice changes and expedite implementation of current, evidence-based treatment practices (Table 2). The traditional,
stepwise approach to asthma management is utilized in this update for ease of interpretation. In this system, Step 1 represents
mild, intermittent asthma. Steps 2-6 represent persistent asthma of increasing severity (Table 1). Clinicians using this system
may escalate therapy as needed for poorly controlled asthma and deescalate, if possible, following 3 months of well-controlled
asthma.

Recommendation 1: For children ages 0 to 4 years with recurrent wheezing (Step 1)—defined as three lifetime wheezing
episodes triggered by an upper respiratory tract infection (URTI) or two such episodes in the past year without inter-episodic

0 - 4 years of age 5 - 11 years of age 12+ years of age
Treatment 2007 Guidelines 2020 Guidelines Treatment 2007 Guidelines 2020 Guidelines Treatment 2007 Guidelines 2020 Guidelines
SABA and 7-10 days

Step1 |PRN [SABA high-dose 165 with URT) Step1 |PRN |SABA SABA Step1 |PRN |SABA SABA
Daily |Low-dose ICS Low-doss ICS Daily |Low-dose ICS Low-dose ICS Daily |Low-dose ICS Eaiviiow Scesi0s and
Step 2 Step 2 e PRN SABA or PRN ICS
lep ep P d SABA with flares
PRN |SABA SABA PRN |SABA SABA PRN [SABA ::Iy
Either low-dose ICS

and LABA, LTRA, or  |Daily and PRN low-dose Lk les oyl

Step 3 Daily |Medium-dose ICS Medium-dose ICS * Step 3 Daily hylline or mediurmICS-F terol (SMART) Step 3 Daily |LABA or medium-dose |Daily and PRN low-dose
dose ICS [ ICs ICS-LABA (SMART)
PRN |SABA SABA PRN [SABA : PRN |SABA
Daily m“‘:’“‘ ":"sh’;d Medium-dose ICS-LABA * Daily m“’“'d“’ 1€ Ipaily and PRN medium- Daily |eaw™40%€ 155 a1 Ipihy and PRN medium.-
Step 4 % Step 4 dose ICS-formoterol |dose ICS-LABA

PRN [SABA SABA SABA (SMART)

(SMART) *

Table 2: Comparison of traditional first-line management with current, evidence-based recommendations from the
NAEPP, stratified by patient age and disease severity.
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Asthma Classification
Impairment Risk
Seved| Highttime SABA Activity Exacerbations requiring o
¥ Srerptons awakenings b limitation systemic corticostercids Shap for tharspy Inttation
04 yaars of age Mone
Interrnittent 2 days per ke £ 2 days per week Nome 0-1 per year Step 1
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2 2in 6 months or whoating 2 4
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Moderate
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Persistent DEa Dy 2 1 time per DMty fitation
5+ years of age weak but not
daily More frequent and intense events
indicate greater severity Step 3 or above
0-4 years of age Rtk por
Severe 'I'hwgl:;m - Several times a day | Severe limitation
Often 7 days
5+ years of age i
Consider pulmonary function testing if available. Reassess for asthma control regularty and step up or down as needed.

Table 1: Clinical asthma severity classification with recommended step for initiation of
therapy using NAEPP stepwise approach.

symptoms—the updated recommendation is to treat with a 7-10-day course of high-dose ICS at the onset of URTI symptoms
and a short-acting beta2-agonist (SABA) as needed. An example of this approach would be 2 puffs of 110 mcg fluticasone MDI
(or equivalent ICS, found in Table 4) given twice daily starting at the onset of symptoms for 7-10 days with typical albuterol
use for the duration of symptoms.

o Ages 04 Ages 511 Ages 12+
e Low-dose Medium-dose High-dose Low-dose Medium-dose High-dose Low-dose Medium-dose High-dose

;‘;gm’;‘m MDI | 40 or 80 meglput 2 X 5 80-160 megiday  [160-320 mog/day |> 320 mep/day |B0-240 megiday  (240-480 megiday |> 480 meglday
Budesonide DPI
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(e.g. Pulmicort Respues) 0.25, 0.5, or 1.0mg 0.25-0.5 mg/day |0.5-1 mg/day > 1 mg/day 0.5 mgiday 1 mgiday 2 mgiday
g::’l m""“':]w' 80 or 160 meglpuff - - - 80-160 megiday  |160-320 mogiday (>320 mogiday |160-320 mogiday (320-640 mogiday > 640 meglday
lg‘;‘::'r:;:;“ 80 meglpulf 2 : & 160 megiday 320480 megiday |> 320 megiday [320 megiday  |320-640 megiday |. 640 meglday
{F:;";T::ﬂ‘: ﬁ:, 44,110, or 220 meg/pufl  |176 mogiday | 176-352 megiday > 352 megiday [88-176 megiday |176-352 megiday |> 352 megiday |BB-264 meg-day 1264440 mogiday |> 440 mog/day
Fluticasone DPI 50, 100, 200 | |
(0.5, Flovent Diskus) b . 100-200 mogiday [200-400 meg/day |> 400 megiday |100-300 meg/day |300-500 megiday |> 500 meg/day
Mometasone DPl  (e.g .

nex 110 or 220 mecghnhalation |- - - 110 megiday Z20-440 mog/day (> 440 megiday |110-220 meg/day {mﬂnﬁm > 440 mog/day

Table 4: Common inhaled corticosteroid options with low-, medium-, and high-dose ranges
organized by age.

The previous recommendation for this group of patients was symptomatic treatment only, with as needed SABA. While this
treatment strategy can provide rapid symptom relief, it does not target the inflammatory pathway of asthma. Newer evidence
from randomized control trials (RCT) in this patient population has shown that intervention with intermittent ICS at the
onset of URTI can serve as just-in-time prevention of airway inflammation and wheezing, ultimately leading to a significant
reduction in the need for systemic corticosteroids and reduction in the severity of acute illness during URTIs.*"! With regard
to the effect of intermittent ICS on growth, the data are conflicting, but better compared to daily ICS use. The body of evidence
for this guideline is compelling but it remains conditional due to uncertain effects on long-term growth potential. As a result,
shared decision making is particularly important when considering short-term ICS use. In families that decide to pursue this
treatment, short-course ICS treatments can be initiated at home by a parent or caregiver without the need to visit a healthcare
provider.

Recommendation 2: For children ages 4 years and older with moderate to severe persistent asthma (Steps 3 and 4), single
maintenance and reliever therapy (SMART) with an ICS-formoterol inhaler is the treatment of choice.

While there was some variation in the previous recommendations for this population, most of these patients were prescribed
an ICS and long-acting beta agonist (LABA) for daily maintenance therapy and a SABA for as needed rescue therapy. The
updated guideline emerged from a large breadth of research comparing the use of an ICS-formoterol inhaler as both daily
and rescue therapy with traditional treatment noted above. Formoterol was chosen because, among the LABAs, it has a quick
onset of action and more frequent allowable dosing, making it an appropriate agent for rescue therapy. Children who qualify
for SMART can use one to two puffs of ICS-formoterol once or twice daily, as maintenance, with one to two additional puffs
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SMART Therapy
Maintenance Reliever
Budesonide-Formoterol | 80/4.5 mcg or [1-2 inhalations 1 inhalation as needed,
(e.g. Symbicort) 160/4.5 mcg |once or twice daily |do not exceed 8/day

Table 3: Single maintenance and reliever therapy guidance for children over
4 years of age with moderate to severe persistent asthma

as needed for asthma symptoms (Table 3). In patients 12 years and older, RCT’s show a 32% relative risk reduction for asthma
exacerbations with significantly lower utilization of systemic corticosteroids in patients assigned to SMART therapy.'*"’
Asthma symptom scores based on the Asthma Control Questionnaire (ACQ-5) also favor SMART therapy over traditional
treatment.'>'” Children aged 4-11 showed similar favorable results with a 72% relative risk reduction for asthma exacerbations
in one study. There was no effect on growth rate in children receiving SMART therapy when compared to traditional therapy.
' The NAEPP is strongly recommending the adoption of SMART therapy as the standard of care for patients 4 years and older
with moderate to severe persistent asthma. In addition to strong evidence for change within the literature, this shift simplifies
asthma management for patients and families by limiting use to a single inhaler. While it is possible that SMART therapy
would be beneficial for children in steps 5 and 6 of the management algorithm, this population was not sufficiently addressed
in the literature and no changes to the recommendations were made in the 2020 update. Of note, the recommendation for
maintenance therapy for these patients is also a combination ICS-LABA inhaler which has been shown to improve outcomes
and mitigate the mortality risks associated with LABA monotherapy.”

Recommendation 3: For children ages 12 and older with mild persistent asthma (Step 2), patients have the option to use daily
ICS with as needed SABA or ICS and SABA only as needed.

Previously, the recommended treatment for this group of patients was a daily low-dose ICS for maintenance therapy and SABA
for rescue therapy as needed. This treatment strategy can be continued and may be preferred by providers, however current
research shows no difference in asthma control, need for rescue medication, asthma-related quality of life, or exacerbation
frequency between intermittent and daily ICS users.**** An example of the intermittent approach would be 80-240 mcg of
beclomethasone (or equivalent ICS, found in Table 4) and two to four puffs of albuterol (SABA) used every four hours as
needed. Providers and patients should feel comfortable engaging in joint decision making to determine the most appropriate
course of action on a patient-by-patient basis.

CASE CONCLUSION

Prior to discharge, the inpatient team created an asthma action plan with our patient’s family to assist with his home
management. The family was educated on the use of a metered dose inhaler with a spacer for optimal albuterol delivery
in place of the nebulizer that had been used previously. The patient was offered a five-day course of oral corticosteroids
which he completed at home following discharge from our facility. Despite the severity of his current exacerbation, our
patient’s infrequent symptoms, with less than 2 symptomatic days per week and less than 2 exacerbations requiring systemic
corticosteroids in any one year, placed him in the step 1 category for his age range based on accepted asthma severity criteria
(Table 1). His history of 1-2 episodes of wheezing per year with URTI without inter-episodic symptoms also meets specific
criteria for recurrent wheezing. Following discussion of risks and benefits, the family elected to try intermittent high-dose ICS
as per the 2020 NAEPP guidelines. They were provided with a prescription for fluticasone 110 mcg to be given two puffs at a
time twice daily for 7-10 days at the first sign of URTI. The severity of his current episode was likely partially attributable to
his inability to access as needed albuterol; however, close follow-up was scheduled to monitor response to therapy. Albuterol,
fluticasone, and oral prednisolone were delivered to the bedside prior to discharge.

Following discharge from the hospital, our patient recovered from his acute illness. Four weeks later, he returned to clinic for
follow-up and was doing well. Prior to his next scheduled clinic visit, he developed an URTI. The family followed the asthma
action plan reviewed at the previous visit and started the patient on his short-course ICS. He had some intermittent wheezing
that improved with albuterol use and he recovered a few days later.
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