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Intermittent symptoms Persistent symptoms
* <4 days/week * =4 days a week
* or <4 weeks at a time * and/or = 4 weeks at a time
Mild Moderate-to-severe
* Normal sleep One or more items
* Normal daily activities * Abnormal sleep
* Normal work and school * Impairment of daily activities,
* No troublesome symptoms sport and leisure
* Difficulties caused at school
or work
* Troublesome symptoms
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Table 169.1

Early Childhood Risk Factors for Persistent
Asthma

Parental asthma*
Allergy:
+ Atopic dermatitis (eczema)™
+ Allergic rhinitis
* Food allergy
* Inhalant allergen sensitization*®
+ Food allergen sensitization
Severe lower respiratory tract infection:
* Pneumonia
+ Bronchiolitis requiring hospitalization
‘Wheezing apart from colds
Male gender
Low birthweight
Environmental tobacco smake exposure
Reduced lung function at birth
Formula feeding rather than breastfeeding

—_—

* Major risk factors.

.
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Table 169.4
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Formal Evaluation of Asthma Exacerbation Severity in the
Urgent or Emergency Care Setting*

(value predicted or
personal best)

response lasts <2 hr

SUBSET:
RESPIRATORY
MILD MODERATE SEVERE ARREST
IMMINENT
SYMPTOMS
Breathlessness While walking | While at rest (infant— | While at rest (infant Extreme dyspnea
softer, shorter cry, —stops feeding) Anxiety
difficulty feeding)
Can lie down Prefers sitting Sits upright Upright, leaning
forward
Talks in... Sentences Phrases Words Unable to talk
Alertness May be agitated | Usually agitated Usually agitated Drowsy or confused
SIGNS
Respiratory rate 1 Increased Increased Often >30
breaths/min
Use of accessory Usually not Commonly Usually Paradoxical
muscles; suprasternal thoracoabdominal
refractions movement
Wheeze Moderate; often | Loud; throughout Usually loud; Absence of wheeze
only end- exhalation throughout
expiratory inhalation and
exhalation
Pulse rate (beats/min) | <100 100-120 >120 Bradycardia
3
Pulsus paradoxus Absent May be present Often present Absence suggests
<10 mm 10-25 mm Hg =25mm Hg respiratory muscle
Hg (adult) fatigue
20-40 mm Hg
(child)
FUNCTIONAL ASSESSMENT
Peak expiratory flow | =70% Approx. 40-69% or <40% <25% §

Pa0 5 (breathing air)

MNormal (test not

=60 mm Hg (test not

<60 mm Hg;

(test not usually
necessary)

usually necessary)

usually usually necessary) possible cyanosis
necessary)

and/or

Poo 4 <42 mm Hg <42 mm Hg (test not 242 mm Hg;

possible respiratory
failure

Sa0 5 (breathing air) a

=05% (test not

90-95% (test not usually|

<8

Hypoxia despite




sea level usually necessary) oxygen therapy
necessary)

Hypercapnia (hypoventilation) develops more readily in young children than in adults
and adolescents.

" Notes:

* Normal breathing rates in awake children by age: <2 mo, <60 breaths/min; 2-12 mo, <50
breaths/min; 1-5 yr, <40 breaths/min; 6-8 yr, <30 breaths/min.

+ Normal pulse rates in children by age: 2-12 mo, <160 beats/min; 1-2 yr, <120 beats/min; 2-8 yr,
<110 beats/min.

£ Peak expiratory flow testing may not be needed in very severe attacks.

* The presence of several parameters, but not necessarily all, indicates the general classification
of the exacerbation.

* Many of these parameters have not been systematically studied, especially as they correlate
with each other; thus they serve only as general guides.

* The emotional impact of asthma symptoms on the patient and family is variable but must be
recognized and addressed and can affect approaches to treatment and follow-up.
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Inspiratory flow!

volume loop Subject 1: A non-asthmatic child
FEV; = 3.4 (100% of predicted)
FVC = 3.8 (100% of predicted)
FEV,/FVC = 0.86

Subject 2: An asthmatic child
FEV, = 2.1 (62% of predicted)
FVC = 3.7 (97% of predicted)
FEV,/FVC = 0.57




FIG. 169.3 Spirometry. A, Spirometric flow-volume loops. Loop A is an expiratory flowvolume loop of a nonasthmatic person
without airflow limitation. B through E are expiratory flow-volume loops in asthmatic patients with increasing degrees of airflow
limitation (B is mild; E is severe). Note the “scooped” or concave appearance of the asthmatic expiratory flow-volume loops; with
increasing obstruction, there is greater “scooping.” B, Spirometric volume-time curves. Subject 1 is a nonasthmatic person; subject
2 is an asthmatic patient. Note how the FEV; and FVC lung volumes are obtained. The FEV, is the volume of air exhaled in the
1st sec of a forced expiratory effort. The FVC is the total volume of air exhaled during a forced expiratory effort, or forced vital
capacity. Note that subject 2's FEV1 and FEV; :FVC ratio are smaller than subject 1's, demonstrating airflow limitation. Also,
subject 2's FVC is very close to what is expected.
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250 Green zone (>80%)

PEF (L/min)

100 ¥ Y L = b

-8~ AM PEF

S0 Red zone (<50%) - PM PEF

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
A Days

250 Green zone (>80%) -8~ AM PEF
- PM PEF
200 k

Yellow zone (50-80%)

1 = Prednisone initiated
50 Red zone (<50%) 2 = Prednisone discontinued

1 2

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 31
B Days

FIG. 169.4 Example of the role of peak expiratory flow (PEF) monitoring in childhood
asthma. A, PEFs performed and recorded twice daily, in the morning (AM) and evening
(PM), over 1 mo in an asthmatic child. This child's “personal best” PEF value is 220
L/min; therefore the green zone (>80-100% of best) is 175-220 L/min; the yellow zone
(50-80%) is 110-175 L/min; and the red zone (<50%) is <110 L/min. Note that this child's
PM PEF values are almost always in the green zone, whereas his AM PEFs are often in
the yellow or red zone. This pattern illustrates the typical diurnal AM -to-PM variation of
inadequately controlled asthma. B, PEFs performed twice daily, in the morning (AM) and
evening (PM), over 1 mo in an asthmatic child in whom an asthma exacerbation
developed from a viral respiratory tract infection. Note that the child's PEF values were
initially in the green zone. A viral respiratory tract infection led to asthma worsening,
with a decline in PEF to the yellow zone that continued to worsen until PEF values were
in the red zone. At that point, a 4-day prednisone course was administered, followed by
improvement in PEF back to the green zone.

.



Table 169.7

Dl Co e

Assessing Asthma Severity and Initiating Treatment for
Patients Who Are Not Currently Taking Long-Term Control

Medications*
CLASSIFICATION OF ASTHMA SEVERITY
INTE TE PERSISTENT
RMI NT Mild Moderate Severe
COMPONENTS OF SEVERITY
Impairment
Daytime symptoms =2 daysfwk =2 daysiwkbut | Daily Throughout the day
not daily
Nighttime
awakenings:
Age O-4yr 0 1-2%/mo 3-4=/mo =1%/wh
Age =5 yr <2x/mo 3-4x/mo >1x/wk but not nightly | Often 7x/wk
Short-acting By - =2 daysiwk =2 days/wk but Daily Several times per day

agonist use for
symptoms (not for
EIB prevention)

not daily, and not
more than 1% on
any day

Inter ference with None Minor limitation | Some limitation Extreme limitation
normal activity
Lung function:
FEV, % predicted, Normal FEV, | =80% predicted | 60-80% predicted <60% predicted
age =5yr between

exacerbations

>B0%

predicted
FFT\--'l JFVC ratio T :
Age 5-11yr ~B85% >B0% 75-80% <75%
Age 212 yr Normal Normal Reduced 5% Reduced >5%
Risk

Exacerbations requirin

g systemic corticosteroids:

Age D-dyr

0-1iyr (see notes)

=2 exacerbations in 6 mo requiring systemic CS

or

=4 wheezing episodes/vr lasting =1 day and risk factors for

persistent asthma

Apge25yr

-1y (see notes)

=2ivr (see notes) | 22yt (see notes)

| =2yt (see notes)

Consider severity and interval since last exacerbation.
Frequency and severity may fluctuate over time for patients in any severity category.
Relative annual risk of exacerbations may be related to FEV;
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RECOMMENDED STEP FOR INITIATING THERAPY
(See Table 169.11 for treatment steps.)
The stepwise approach is meant to assist, not replace, the clinical decision-making required to meet
individual patient needs,
All ages Step 1 Step 2
Age 0-4yr Step 3 and consider a | Step 3 and consider a
short course of short course of
systemic CS systemic CS
Age 5-11yr Step 3: medium-dose | Step 3: medium-dose
ICS option and ICS option or Step 4
consider a short course | and consider a short
of systemic CS cowrse of CS
In 2-6 wk, depending on severity, evaluate level of asthma control that is achieved.
* Children 0-4 yr old: If no clear benefit is observed in 4-6 wk, stop treatment and
consider alternative diagnoses or adjusting therapy accordingly.
* Children 5-11 yr old: Adjust therapy accordingly.
" Notes:

" Normal FEV, JFVC: 8-19 yr, 85%; 20-39 yr, 80%.

« Level of severity is determined by both impairment and risk. Assess impairment domain by
patient's/caregiver's recall of previous 2-4 wk. Symptom assessment for longer periods should
reflect a alobal assessment, such as inguirina whether a patient's asthma is better or worse since

Oleyd dalol «— () ZA+ < FEV1 L PEF Zone | (A
Oleyd g O+ SPEF</A- (Y

&% oy pladl « (5o,8) PEF <70+ (¥
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Table 169.8

Assessing Asthma Control and Adjusting Therapy in
Children*

CLASSIFICATION OF ASTHMA CONTROL

‘Well-Controlled Not Well-Controlled Very Poorly Controlled
COMPONENTS OF CONTROL
Impairment
Symptoms =2 days/wk butnot | >2 days/wk or multiple times | Throughout the day
more than once on on =2 days/wk
each day
Nighttime awakenings:
Apge 0-4 yr >1=/mo =1xfwk
Age 5-11yr =2x/mo =2xfwk
Age =12 yr 1-F=iwlk =dxfwk
Short-acting fz -agonist >2 daysiwk Several times per day
use for symptoms (not
for EIB p )
Interference with normal| None Some limitation Extremely limited
actvity
Lung function:
| Age 5-11 yr:
FEV (% predicted or >80% predicted or | G0-80% predicted or personal | <60% predicted or personal
| peak flow) personal best best best
FEV, /[FVC: >B0% 75-80% <75%
| Age =12 yr:
FEV (% predicted or >80% predicted or | G0-80% predicted or personal | <60% predicted or personal
peak flow) personal best best best
Validated questionnaires
Age =12y
ATAQ 1-2 34
ACQ =15 N/A
ACT 16-19 =15
Risk
Exacerbations reguiring systemic cortic id
Age 0-4 yr [ 0-Liyr [2-3hr [ =3ht
Age=5yr [ 0141 | =2yt (see notes) |
Consider severity and interval since last exacerbation.
Treatment-related Medication side effects can vary in intensity from none to very troublesome and
adverse effects worrisome. The level of intensity does not correlate to specific levels of control but
should be considered in the overall of risk.
Reduction in lung Evaluation requires long-term follow-up care.
growth or progressive
loss of lung function
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RECOMMENDED ACTION FOR TREATMENT
Maintain current Stepup ¥ (1 step) and Consider short course of
Step. reevaluate in 2-6 wlk. oral corticosteroids.
Regular follow- If no clear benefit in 4-5 Step up H (1-2 steps) and
up every I-f mo wk, consider alternative reevaluate in 2 wk.
to maintain diagnoses or adjusting If no clear benefit in 4-6
control. therapy. wlk, consider alternative
Consider step For side effects, consider diagnoses or adjusting
down if well alternative options. therapy.
controlled for at For side effects, consider
least 3 mo. alternative options.

" Notes:

T Validated questionnaires for the impairment domain (the questionnaires do not assess lung
function or the risk domain) and definition of minimal important difference (MID) for each:

* ACQ values of 0.76-1.40 are indeterminate regarding well-controlled asthma.

§ Before step-up therapy: (a) review adherence to medications, inhaler technique, and
environmental control; (b) if alternative treatment option was used in a step, discontinue it and use
preferred treatment for that step.

* The stepwise approach is meant to assist, not replace, the clinical decision making required to
meet individual patient needs.

* The level of control is based on the most severe impairment or risk category. Assess impairment
domain by caregiver's recall of previous 2-4 wk. Symptom assessment for longer periods should
reflect a global assessment, such as inquiring whether the patient's asthma is better or worse
since the last visit.

+ At present, there are inadequate data to correspond frequencies of exacerbations with different
levels of asthma control. In general, more frequent and intense exacerbations (e.g., requiring
urgent, unscheduled care, hospitalization, or intensive care unit admission) indicate poorer
disease control. For treatment purposes, patients who had =2 exacerbations requiring oral
systemic corticosteroids in the past year may be considered the same as patients who have not-
well-controlled asthma, even in the absence of impairment levels consistent with not-well-
controlled asthma.

* ATAQ, Asthma Therapy Assessment Questionnaire; MID = 1.0.

+ ACQ, Asthma Control Questionnaire; MID = 0.5.
+ ACT, Asthma Control Test; MID not determined.

FEV, , Forced expiratory volume in 1 sec; FVC, forced vital capacity; EIB, exercise-induced

bronchospasm; N/A, not available.




Table 169.11 | Stepwise Approach for Managing Asthma in Children

INTERMITTENT
AGE  THERAPY' ASTHMA PERSISTENT ASTHMA: DAILY MEDICATION

STEP UP if needed (first check inhaler

STEP DOWN if possible (and asthma is well ASSESS
controlied at least 3 months) CONTROL E%Emﬂwwﬁ__%hm:sﬁmi BT
Step 1 Step 2 Step 3 Step 4 Step 5 Step &
O-4yr Preferred SABA pmn Low-dose ICS Medium-dose ICS Medium-dose High-dose ICS + High-dose ICS + either
ICS + either either LABA
LABA LABA or
or or LTRA
LTRA LTRA and
ocCs
Alternative Cromolyn or
montelukast
511 yr Preferred SABA prn Low-dose ICS Either low-dose ICS  Medium-dose High-dose ICS + High-dose ICS + LABA
+ LABA, LTRA, or ICS + LABA LABA and
theophylline OCs
or
Medium-dose ICS
Alternative Cromolyn, LTRA, Medium-dose High-dose ICS + High-dose ICS + either
nedocromil, or ICS + either either LTRA
theophylline LTRA LTRA or
or or Theophylline and
Theophylline  Theophylline 0OCs
212yr Preferred  SABA prn Low-dose ICS Low-dose ICS + Medium-dose High-dose ICS + High-dose ICS + LABA +
LABA ICS + LABA LABA OCs
or and and
Medium-dose ICS Consider Consider mepolizumab
omalizumab for patients with
for patients eosinophilic asthma

with allergies  Consider omalizumab for
patients with allergies

Y4
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Alternative Cromolyn, LTRA, Low-dose ICS + Medium-dose
nedocromil, or LTRA, theophylline, ICS + LTRA,
or zileuton theophylline,
or zileuton

Each step: Patient education, environmental control, and management of comaorbidities.

Age 25 yr: Steps 2-4: Consider subcutaneous allergen immunctherapy for patients who have allergic asthma.

QUICK-RELIEF MEDICATION FOR ALL PATIENTS

SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms: up to 3 treatments at 20-min intervals as
needed. Short course of oral systemic corticosteroids may be needed.

Caution: Use of SABA >2 days/wk for symptom relief (not prevention of exercise-induced bronchospasm) generally indicates
inadequate control and the need to step up treatment.

For ages 0-4 yr: With viral respiratory infection: SABA g4-6h up to 24 hr (longer with physician consult). Consider short course of
systemic corticosteroids if exacerbation is severe or patient has history of previous severe exacerbations.

*Notes:

The stepwise approach is meant to assist, not replace, the clinical decision making required to meet individual patient needs.

If alternative treatment is used and response is inadequate, discontinue it and use the preferred treatment before stepping up.

If clear benefit is not observed within 4-6 wk and patient/family medication technique and adherence are satisfactory, consider adjusting therapy or alternative
diagnosis.

Studies on children age 0-4 yr are limited.

Clinicians who administer immunotherapy or omalizumab should be prepared and equipped to identify and treat anaphylaxis that may occur.

Theophylline is a less desirable alternative because of the need to monitor serum concentration levels. The 2016 GINA guidelines do not recommend the use of
theophylline as a controller medication and in IV forms to treat status asthmaticus due to its severe adverse effects profile.

Zileuton is less desirable alternative because of limited studies as adjunctive therapy and the need to monitor liver function.

tAlphabetical order is used when more than 1 treatment option is listed within either preferred or alternative therapy.

ICS, Inhzled corticosteroid; LABA, inhaled long-acting f-agonist; LTRA, leukotriene receptor antagonist; OCS, oral corticosteroid; prn, as needed; SABA, inhaled

short-acting B--agonist.
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Usual Dosages for Long-Term Control Medications

MEDICATION

AGE

0-4yr

5-11 yr

=12 yr

INHALED CORTICOSTEROIDS (see Table 169.13 )

Methylprednisolone:
2,4,8,16,32mg
tablets

Prednisolone:

5 mg tablets; 5 mg/5
mL, 15 mg/5 mL
Prednisone:

1,25,5, 10, 20, 50 mg
tablets; 5 mg/mL, 5

0.25-2 mg/kg
daily in single
dose in AM or
qod as needed
for control
Short-course
“burst”: 1-2
mg/kg/day;
maximum 30

0.25-2 mg/kg daily in
single dose in AM or qod
as needed for control
Short-course “burst”: 1-2
mg/kg/day; maximum 60
mg/day for 3-10 days

7.5-60 mg daily ina
single dose in AM or
qod as needed for
control

Short-course “burst” to
achieve control: 40-60
mg/day as single or 2
divided doses for 3-10
days

mg/5> mL mg/day for 3-10
days
Fluticasone/salmeterol N/A
(Advair):
DPI: 100, 250, or 300 ng/50 1 inhalation bid; dose depends | 1 inhalation bid; dese
pe on level of severity or control | depends on level of severity
(the 100/50 dosage is indicated or control
in children =4 yr)
HFA: 45 pg/21 pg, 115 2 inhalations bid; dose
pe21 pg, 230 pg/21 pg depends on level of severity
or control
Budesconide/formoterol | N/A 2 inhalations bid; dose

HFA: 100 pg/5 pg, 200
ng/s pg

(Symbice depends on level of severity
HFA: 80 pg/4.5 pg, 160 or control

ng/d.5 pg

Mometasone/formoterol 2 inhalations bid; dose
(Dulera): depends on level of severity

or control

Leukotriene receptor

4 mg granule packets
10 mg tablet

antagonists:
Montelukast 4mg qhs (1-5yrof | 5 mg ghs (6-14 y1) 10 mg ghs (indicated in
(5ingulair): age) children =15 yr)
4 or 5 mg chewable
tablet

inhibitor:
(Zileuton CR): 600 mg
tablet

Zafirlukast (Accolate): | N/A 10 mg bid (7-11 yr) 40 mg daily (20 mg tablet
10 or 20 mg tablet bid)
5-Lipoxygenase N/A N/A 1,200 mg bid (give 2 tablets

bid)
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Immunomodulators:
Omalizumab (anti-IgE; | N/A N/A 150-375 mg SC q 2-4 wk,
Xolair): depending on body weight
SC injection, 150 and pretreatment serum IgE
mg/1.2 mL after level

reconstitution with 1.4
mL sterile water for
injection
Mepolizumab (anti-TL- | N/A N/A 100 mg SC g 4 wk
5; Nucala):

SC injection, 100 mg
after reconstitution with
1.2 mL sterile water for
injection

bid, 2 times daily; DPI, dry powder inhaler; HFA, hydrofluoroalkane; MDI, metered-dose inhaler; q,
every: ghs, every night; gid, 4 times daily; god, every other day; SC, subcutaneous(ly).
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Table 169.16

Risk Factors for Asthma Morbidity and
Mortality

Biologic

Previous severe asthma exacerbation (intensive care unit admission,
intubation for asthma)

Sudden asphyxia episodes (respiratory failure, arrest)

Two or more hospitalizations for asthma in past year

Three or more emergency department visits for asthma in past year

Increasing and large diurnal variation in peak flows

Use of >2 canisters of short-acting f-agonists per month

Poor response to systemic corticosteroid therapy

Male gender

Low birthweight

Nonwhite (especially black) ethnicity

Sensitivity to Alternaria

R
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Environmental

Allergen exposure

Environmental tobacco smoke exposure
Air pollution exposure

Urban environment

Economic and Psychosocial

Poverty
Crowding
Mother <20 yr old
Mother with less than high school education
Inadequate medical care:
Inaccessible
Unaffordable
No regular medical care (only emergency)
Lack of written Asthma Action Plan
No care sought for chronic asthma symptoms
Delay in care of asthma exacerbations
Inadequate hospital care for asthma exacerbation
Psychopathology in the parent or child
Poor perception of asthma symptoms or severity
Alcohol or substance abuse
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