Home use of albuterol for asthma exacerbations
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Background: To reduce symptoms and emergency department (ED) visits, the National Asthma Education and Prevention
Program (NAEPP) guidelines recommend early treatment of acute asthma symptoms with albuterol and oral corticosteroids. Yet,
ED visits for asthma are frequent and often occur several days after onset of increased symptoms, particularly for children from
low-income, urban neighborhoods.

Objectives: To describe home use of albuterol and identify factors associated with appropriate albuterol use.

Methods: A total of 114 caregivers in the intervention group of a randomized trial to reduce emergent care for low-income,
urban children completed a structured telephone interview with an asthma nurse to evaluate home management of their child’s
acute asthma symptoms. Interviews lasted approximately 20 minutes and were conducted from November 5, 2003, through
September 30, 2005. Albuterol use as reported by caregivers was categorized as appropriate or inappropriate based on NAEPP
recommendations.

Results: Albuterol use for worsening asthma symptoms was categorized as appropriate for only 68% of caregivers and was
more likely if the children had an ED visit or hospitalization for asthma in the prior year. The remaining 32% of caregivers used
albuterol inappropriately (overtreatment or undertreatment). Appropriate albuterol use was not associated with caregiver report
of having an asthma action plan (AAP) or a recent primary care physician visit to discuss asthma maintenance care.

Conclusions: Caregivers reported that they would use albuterol to treat their child’s worsening asthma symptoms, but many
described inappropriate use. Detailed evaluation of proper albuterol use at home may provide insight into how health care
professionals can better educate and support parents in their management of acute exacerbations and more effective use of AAPs.

INTRODUCTION
For more than 15 years, guidelines by the National Asthma
Education and Prevention Program (NAEPP) have recom-
mended that caregivers of asthmatic children begin treatment
for asthma exacerbations at home to avoid treatment delays
and reduce the severity of the attack.'~* Yet asthma remains
the leading cause of emergency department (ED) visits for
children,® and these visits often follow extended periods of
symptoms at home.®~

The recommended action for worsening asthma symptoms
is to increase use of albuterol, with the dosing frequency
guided by symptom severity and response to treatment. Up to
3 back-to-back treatments (every 20 minutes) are recom-
mended during the first hour, with reassessment after each
treatment.” If symptoms improve, albuterol can then be given
every 3 to 4 hours for 24 to 48 hours as needed, and the
primary care physician (PCP) can be contacted for follow-up

Affiliations: * Department of Pediatrics, Washington University School
of Medicine, St Louis, Missouri; { Department of Medicine, Washington
University School of Medicine, St Louis, Missouri; # Department of Pedi-
atrics, Division of Emergency Medicine, The Children’s Hospital of Phila-
delphia, Philadelphia, Pennsylvania; § Department of Pediatrics, The Uni-
versity of Connecticut, Connecticut Children’s Hospital, Hartford.

Disclosures: Authors have nothing to disclose.

Funding Sources: This study was funded by grant HL 072919 from the
National Heart, Lung, and Blood Institute.

This article is subject to the National Institutes of Health public access
policy (http://publicaccess.nih/gov/).

Received for publication September 8, 2008; Received in revised form
December 31, 2008; Accepted for publication January 29, 2009.

Ann Allergy Asthma Immunol. 2009;102:504-509.

instructions and further management. If symptoms persist,
oral corticosteroid therapy should be started and albuterol
treatment continued every 2 to 4 hours as needed, with
same-day evaluation by the PCP. If symptoms worsen or
improvement lasts less than 2 hours, emergency care should
be sought immediately.? The guidelines recommend that care-
givers be provided an asthma action plan (AAP) for guidance
in recognizing worsening symptoms and effective, safe use of
rescue medications.

Little is known about how families typically use albuterol
at home and whether having an AAP increases the likelihood
that albuterol will be used in accordance with guideline
recommendations. As part of an intervention to reduce
asthma morbidity and ED visits for low-income children,
telephone interviews of caregivers (parents) were conducted
by an asthma nurse (D.F.) to better understand parent’s home
management of worsening asthma symptoms. Significant
variation was noted in caregivers’ reported action in response
to a scenario of worsening asthma symptoms articulated by
the nurse (yellow zone symptoms on the AAP). These data
were further analyzed to determine whether having an AAP
was associated with using albuterol in accordance with guide-
line recommendations.

METHODS

This is a cross-sectional analysis of data from caregivers
enrolled in a randomized controlled trial to evaluate an 18-
month, peer coach—delivered intervention to reduce asthma-
related ED visits for children from low-income, urban fami-
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lies. The study was approved by the Human Research
Protection Office at Washington University School of Med-
icine. All participants provided written consent to participate
and were paid a nominal amount for completion of enroll-
ment surveys but were not paid for completion of the nurse
telephone interviews.

Selection and Enrollment of Participants

Participants were enrolled during ED visits for treatment of
acute asthma exacerbations at St Louis Children’s Hospital.
Individuals were eligible if they attested that they were the
primary caregivers for the children and if their children had a
preexisting diagnosis of persistent asthma and reported acute
asthma visits to the child’s PCP, ED, or hospital during the
previous 15 months. In addition, eligibility required the chil-
dren to be between 2 and 12 years old and have either
Medicaid or no health insurance. After enrollment, partici-
pants were randomly assigned to the intervention or usual
care group. This report includes only those individuals as-
signed to the intervention group.

Intervention
The 18-month coaching intervention targeted asthma self-
management strategies recommended in the NAEPP guide-
lines.>* Using a nondirective approach, lay asthma coaches
provided tailored education and social support to help care-
givers adopt and implement the targeted management strate-
gies. Most interactions with the coach were by telephone.
In addition to interactions with the coach, the intervention
included telephone interviews by an asthma nurse (a regis-
tered nurse with extensive experience with telephone man-
agement of asthma exacerbations at St Louis Children’s Hos-
pital’s after-hours call center). The first call was made after
contact with the coach had occurred, between 2 and 4 months
after enrollment. During this call, the nurse reviewed with the
caregiver the child’s current symptoms, environmental con-
trols, use of routine daily medications as recommended in the
AAP, and a specific review of actions to be taken when
symptoms worsen. Data from the nurse’s first call are pre-
sented in this report.

Data Collection

Demographic data were collected before randomization dur-
ing an interview with a research assistant. Data about PCP
visits, ED visits, and hospitalization for asthma care in the
previous 12 months were abstracted during review of medical
records.

Using a structured interview guide, the nurse recorded
information about AAP use and the participant’s reported
action in response to a scenario involving management of the
child with worsening symptoms (yellow zone symptoms).
First the nurse asked, “Do you have an AAP?” and “Do you
understand the AAP?” If the participant hesitated, the nurse
would prompt, “A piece of paper with red, yellow, and green
zones.” The nurse also asked which medications were rou-
tinely used as rescue medications. Later during the interview
the nurse asked, “What do you do when your child has yellow

zone symptoms?” A standard definition of yellow zone symp-
toms was not provided, but the nurse always presented the
scenario, “If you walk in the room and find your child
coughing or wheezing, starting to have worsening asthma
symptoms, what do you do?” If there was any hesitation in
the caregivers response, the nurse prompted, “Or what have
you been instructed to do?” The study participant was not
prompted to discuss continued treatment and follow-up care,
but many caregivers spontaneously provided this informa-
tion. Interviews lasted approximately 20 minutes and were
conducted from November 5, 2003, through September 30,
2005.

Definitions for Appropriate and Inappropriate Albuterol
Use

Albuterol use reported by the caregivers was categorized as
appropriate or inappropriate using the NAEPP recommen-
dations for care as the gold standard.>* Because information
about the severity of yellow zone symptoms was not pro-
vided, a conservative approach to defining appropriate and
inappropriate albuterol use was taken.

Appropriate albuterol use included any of the following:
(1) 1 to 3 albuterol treatments in the first hour, (2) albuterol
treatments every 4 to 6 hours providing the treatments are
effective for 4 hours, or (3) referring to the child’s AAP.
Inappropriate albuterol use was defined as any of the follow-
ing: (1) overtreatment: either dosing albuterol too frequently
(>3 treatments in an hour) or continuing frequent dosing for
too long (<4 hours between treatments for >24 hours), (2)
undertreatment: dosing intervals for albuterol were too long
(>6 hours between treatments), or (3) overreacting: calling
911 before giving albuterol or giving only 1 treatment and not
waiting to evaluate response before calling 911 or going to
ED.

Statistical Analysis

Frequency distributions were examined for all sociodemo-
graphic and asthma care variables collected. Descriptive sta-
tistics are reported as means and standard deviations or me-
dians or modes and ranges for continuous variables and
percentages for categorical variables. We used the 7 test,
Wilcoxon rank sum test, or the x> test as appropriate to
compare the distribution of these factors among the groups
categorized as using albuterol appropriately and inappropri-
ately. P < .05 (2-tailed) was used to establish statistical
significance. All statistical analyses were performed using
STATA, version 9.0 (Stata Corp, College Station, Texas), or
SAS, version 9.2 (SAS Institute Inc, Cary, North Carolina).

RESULTS

Study Population

Interviews were completed for 114 of 122 enrolled interven-
tion participants (93%) (7 could not be reached and 1 with-
drew). Ninety-two percent of study participants interviewed
were mothers, 4% were grandmothers, and 4% were fathers.
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Fifty-eight percent of study participants had received a high
school education or less.

The median age of study children was 5.2 years (range,
2-10 years), 65% were male, and 94% were African Amer-
ican. Participants received their usual health care from 19
private practices and 11 community clinics in the St Louis
area. In the 12 months preceding enrollment, 50% of children
had at least 1 ED visit (median, 0.5; range, 0-5), 26% had at
least 1 hospitalization (mode, O; range, 0-3), and 13% had at
least 1 PCP visit for acute asthma care (mode, 0; range, 0-3).
Nineteen percent had at least 1 asthma planning visit (when
the child was well) with the PCP (mode, 0; range, 0—1).

Eighty-six study participants (75%) reported that they had
an AAP, although 2 could not locate it. All except 1 who had
an AAP reported that they understood it.

Response to Worsening Asthma Symptoms

When asked how they would react to their child with
yellow zone symptoms, 113 of 114 caregivers (99%) re-
ported they would start treatment with albuterol, but the
dosing frequency varied considerably (Table 1). Twelve
caregivers (10%) did not elaborate regarding dosing fre-
quency after the first treatment. Instead they provided
responses such as “start him on machine,” “start treat-
ments,” and ‘“give till he’s better.” As a result, their re-
ported albuterol use could not be categorized as appropri-
ate or inappropriate.

Of the remaining 102 respondents, 69 (68%) reported
albuterol use that was categorized as appropriate. In this
group, more caregivers chose to give albuterol as back-to-
back treatments rather than every 4 to 6 hours (38 vs 31)
(Table 1). Thirty-two percent reported albuterol use that was
categorized as inappropriate, either overtreatment (16) or
undertreatment (8) or seeking emergency care without wait-
ing to evaluate response to the first albuterol treatment (9).

Factors Associated With Providing Appropriate Albuterol
Use

The analyses that examined demographic and asthma care—
related factors associated with reporting appropriate albuterol
use were limited to the 102 cases in which the appropriate-
ness of use could be categorized (Table 2). Among these
cases, only 1 statistically significant factor was identified.
Appropriate albuterol use was more likely to be reported by
caregivers whose children had either an ED visit or hospital-
ization for asthma during the 12 months preceding enrollment
compared with those without ED or hospital visits during that
year (51/69 [75%] vs 17/33 [52%]; P = .03). The appropri-
ateness of albuterol use did not differ according to reportedly
having an AAP (52/69 [75%] vs 24/33 [73%] for AAP vs no
AAP; P = .78) or having an asthma planning visit with the
PCP during the preceding 12 months (16/69 [23%] vs 4/33
[12%]; P = .19). Demographic factors were also not associ-
ated with reported albuterol use (Table 2).

DISCUSSION

Albuterol is the most effective treatment for providing
prompt relief from worsening asthma symptoms and is rec-
ommended for home use, guided by an AAP. When presented
with a hypothetical scenario in which their child experienced
worsening symptoms, most caregivers from this high-risk,
urban population reported that they would begin albuterol
treatment. However, variation in the reported dosing fre-
quency and duration of use suggests that many caregivers did
not understand how to use albuterol effectively. Also, report-
edly having an AAP did not increase the likelihood that
albuterol use was appropriate. This finding is consistent with
other studies that found no clinical benefit to having an
AAP.”'° However, AAPs have been shown to reduce acute
care visits when used in combination with education and
regular management review.!!"!3 Regular monitoring of home
care with education as needed appears to be the key to

Table 1. Caregivers’ Reported Use of Albuterol in Response to a Scenario of Their Asthmatic Child With Onset of Yellow Zone Symptoms

Albuterol use

No. (%) of caregivers

Examples

(N =102)
Appropriate albuterol use 69 (68)
Gave 1-3 albuterol treatments in the first hour 36/69 (52) “Gave 3 treatments in the first hour”; “Gave 2 back to
back treatments”
Gave albuterol every 4-6 hours 31/69 (45) “Starts treatments every 4 hours”; “Gives one
treatments and then every 4-6 hours”
Referred to asthma action plan 2/69 (3) “Goes to action plan and follows it”
Inappropriate albuterol use 33 (32)
Overtreatment (giving too much rescue 16/33 (48) “Give nebulizer every 2-3 hrs”; “3 treatments in an
medication, either too close or for too long) hour then every 2 hrs for a day or two”; “Every hour
for 24 hours”
Undertreatment with albuterol 8/33 (24) “Starts albuterol twice a day or three times a day”
Overreacting (goes to ED after 1 treatment 9/33 (27) “Gives one treatment and then calls 911 or goes to

without waiting for response or without
giving albuterol treatment)

ED”; “Usually just goes to ED”

Abbreviation: ED, emergency department.
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Table 2. Appropriateness of Albuterol Use for Yellow Zone Symptoms Reported by Caregivers?

Appropriate albuterol use

Inappropriate albuterol use

(n = 69) (n = 39) P value
Demographic factors
Mean (SD) No. of children in household 2.9(1.5) 2.8(1.4) .90
Mean (SD) No. of adults in household 1.5(0.7) 1.8 (1.0) .09
Male sex of child, No. (%) 47 (68) 20 (61) .46
Caregiver has high school education or less, 39 (57) 18 (55) .85
No. (%)
Asthma care factors
At least 1 ED visit or hospitalization for asthma 51 (74) 17 (52) .03
in prior 12 months, No. (%)?
Mean (SD) No. of ED visits and hospitalizations 1.48 (1.5) 0.85(1.1) .03
for asthma in the 12 months before study
enrollment?
Mean (SD) No. of ED visitsP® 1.1(1.3) 0.67 (1.1) .10
Mean (SD) No. of hospitalizations® 0.4 (0.7) 0.2 (0.4) 12
Mean (SD) No. of coach calls before nurse call 3.2(1.8) 3.0(1.5) .70
Asthma planning visit with PCP in year before 16 (23) 4(12) 19
enrollment, No. (%)°
AAP, No. (%) (n = 100) 52 (75) 24 (73) 78

Abbreviations: AAP, asthma action plan; ED, emergency department; PCP, primary care physician.
a Twelve parents were excluded from this analysis because they provided insufficient information about the episode of care for albuterol use to

be categorized as appropriate or inappropriate.
® Data are from medical record documentation not self-report.

successful home use of albuterol, as emphasized in the most
recent NAEPP guidelines.*

Most children with asthma receive their care from their
PCP,’ but AAPs and education about asthma management are
also provided in EDs and during hospitalizations.'* In this
study, appropriate albuterol use for the yellow zone scenario
was more likely to be reported if the child had been in the ED
or hospital for asthma in the prior 12 months. Locally, dis-
charge instructions from the ED include a plan with reference
to medications for regular use, actions to take for levels of
symptoms, and specific advice to return to the PCP within 3
days.’” Also, during asthma-related hospitalizations, nurse
practitioners consistently educate parents and provide a de-
tailed AAP.'® The increased likelihood of appropriate albu-
terol use after 1 of these contacts suggests that caregivers may
have learned to provide appropriate care through this expe-
rience. ED-based educational interventions have been shown
to reduce subsequent ED visits and unscheduled office visits
for asthma care and to increase asthma well-care visits and
the use of inhaled corticosteroids.!”!° Some researchers have
suggested that ED visits may be the only opportunities to
provide education about asthma self-management.!”2! Yet,
none of these effective interventions are in widespread use.

One in 10 caregivers in our study was unwilling to provide
initial management of their child’s yellow zone symptoms at
home, preferring to seek emergency care immediately. Their
responses may have been due to discomfort with treating
yellow zone symptoms, inability to distinguish yellow zone
from more severe red zone symptoms, or unfamiliarity with
use of albuterol. It is also possible that these children had

been evaluated as high risk for asthma-related death and their
caregivers were advised to seek medical help early in an
exacerbation.>* Although immediate referral to the ED may
be the safest option for severe symptoms, repeated use of this
coping strategy may have negative psychological impacts on
both children and parents.?>?* Seeing their parents repeatedly
unable to cope with their asthma symptoms may lead children
to believe that they are helpless to prevent and control exac-
erbations. These high-risk families need continued education
and support to enable them to recognize acute asthma symp-
toms and the level of severity of an exacerbation and under-
stand how to use medication and equipment and when to seek
help.

Several factors may explain the apparent lack of effect of
reportedly having an AAP on appropriate albuterol use. Some
caregivers may not have had an AAP. Three-quarters of
caregivers in our sample reported having AAPs, many more
than in other studies of similar populations,>”$2+2> and it is
possible that social desirability influenced the accuracy of
these self-reported data. Parents with AAPs may not use
them. Other studies have reported that few caregivers referred
to their AAPs during home management of exacerbations.”
They may not be able to find their children’s AAP at the time
of exacerbations, not know how and when to use them, or not
be able to read or understand them.?®?’ Caregivers may not
feel empowered to implement the plans®® or not realize they
should do so without consultation with the PCPs.?*° Alter-
natively, parents may modify the AAPs based on their own
experience with asthma’! or follow the given plans but fail to
administer medications correctly,?? possibly due to not having
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the right equipment at home.® Caregivers may also have
difficulty assessing the severity of their children’s asthma
symptoms and be unaware of the appropriate symptom in-
tensity to trigger initiation of treatment.** A study® using
peak flow readings as the reference standard confirmed that
these inaccuracies occur for both caregivers and children and
were worse when symptoms were severe.

Inappropriate albuterol use is associated with increased
morbidity and mortality.’® Deficits in home management of
worsening asthma symptoms are unlikely to be identified
unless specific questions are asked about how the parents
recognize worsening symptoms and decide to initiate treat-
ment and about albuterol use, including the dose, dosing
frequency, mode of administration, and follow-up plans.3"-3
Office visits for asthma planning or reassessment after an
acute exacerbation provide ideal opportunities to conduct a
detailed evaluation of home management, review and modify
the AAP, and provide education to improve care of future
episodes.* However, office visits for nonurgent asthma care
are infrequent,®*~*' especially for this high-risk popula-
tion,*>*3 and limited time and competing demands make
effective asthma education difficult for PCPs and parents.?#
Patient education is a critical requirement for successful
disease self-management, and alternative efficient and effec-
tive strategies to provide education are needed. Possibilities
that show promise include using allied health professionals,
peer educators or coaches, and Web-based programs.'#

This study has several limitations. We studied urban, low-
income families from 1 geographical area, individuals were
recruited at the time of ED visits for asthma care, and the
study population was receiving asthma education from
asthma coaches as part of an intervention trial. These features
may limit generalizability of our findings to other popula-
tions. Relying on self-reported data and assessing caregivers’
response to a hypothetical yellow zone scenario may have
resulted in an overestimate of perceived desired behaviors,
such as albuterol use. Yet this approach to evaluate home
management of worsening asthma symptoms is likely to be
used by PCPs; therefore, our findings may be relevant to
clinical care. We used conservative definitions for appropri-
ate and inappropriate albuterol use that were based on the
NAEPP guidelines, but these categories were not validated.
Also, we did not clarify mode of delivery for albuterol.
Finally, we do not have data about when and how families
would use oral corticosteroids, an important component of
the management of moderate and severe exacerbations.

Our results suggest that many caregivers are unsure how to
use albuterol for home treatment of worsening asthma symp-
toms, despite having an AAP. Detailed evaluation of how
worsening symptoms are recognized and how albuterol is
used at home may provide insight into how to better educate
and support parents in the effective home management of
worsening symptoms. These discussions may identify oppor-
tunities to intensify treatment (for example, add oral cortico-
steroids) to reduce asthma morbidity. Because this is difficult
within the time frame of an office visit, perhaps it is time to

address barriers to implementing effective alternative strate-
gies to provide this needed education and support and thereby
reduce asthma morbidity.
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