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ASTHMA IN THE EMERGENCY DEPARTMENT

Receipt of Systemic Corticosteroids during Asthma Visits to US Emergency

Departments, 2007-2009
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Background. National Asthma Education and Prevention Program recommended emergency department (ED) asthma treatment includes both
providing systemic corticosteroids in the ED and a steroid prescription at discharge. Objective. To examine the prevalence of three types of
substandard ED asthma care—providing a discharge prescription only, providing corticosteroids in the ED only, and providing neither— and how
care varies with exacerbation severity. Methods. We used the National Hospital Ambulatory Medical Care Survey-Emergency Department
(NHAMCS-ED) (2007, 2008, and 2009) to identify ED asthma visits (International Classification of Diseases-9" Revision Clinical
Modification (ICD-9-CM codes 493 .xx)) for patients aged 1 to <65 years. The primary outcome was the percent of visits receiving each type of
substandard care, both overall and by exacerbation severity. Multinomial logistic regressions with predictive margins were used to obtain estimates
adjusted for patient, visit, and hospital characteristics. Results. For 27.1% (confidence interval (CI): 24.0-30.2%) of visits, patients received
corticosteroids both in the ED and as a discharge prescription. A discharge prescription only was provided for 12.3% of visits (CI: 10.2-14.6%),
corticosteroids were provided in the ED only for 18.2% (CI: 15.6-21.2%), and no corticosteroids were provided for 42.4% (CI: 38.8—46.2%). Even
among visits by patients with abnormal overall respiratory status (fast respiratory rates, pulse oximetry values <97%, or both), only 32.3% (CIL:
27.8-36.8) were provided corticosteroids both in the ED and as a prescription, while the remainder received some type of substandard care.
Adjusted and unadjusted results were similar. Conclusions. Substandard ED asthma care is common, even among visits by patients with more

severe asthma exacerbations.

Keywords asthma, emergency departments, healthcare quality, national data, systemic corticosteroids

INTRODUCTION

During 2009, there were approximately 2.1 million visits
for asthma to emergency departments (EDs) in the United
States (1). The National Asthma Education and Prevention
Program (NAEPP) guidelines recommend that oral and/or
intravenous systemic corticosteroids be provided to
patients treated in the ED for moderate and severe asthma
exacerbations (2). In addition, a follow-up 3-10 day course
of oral corticosteroids is recommended to speed recovery
and to reduce relapse rates (2, 3). Moderate to severe
exacerbations are defined by several clinical factors (2)
and represent the majority of asthma ED visits (4).
However, recent evidence suggests that a third or more
patients receive no corticosteroids when they visit the
ED. That is, they neither receive corticosteroids during
acute asthma ED visits nor receive corticosteroids as a
prescription at discharge from the ED (5), although many
would benefit from them (6, 7).

However, patients with asthma exacerbations may
receive corticosteroids either in the ED or as a prescription
at ED discharge, but not both, still resulting in substandard
care that is not consistent with NAEPP guidelines. What
remains unknown is the percentage of visits for which
patients receive different types of substandard ED asthma
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care: receiving corticosteroids in the ED but not as a
discharge prescription, receiving corticosteroids as a dis-
charge prescription but not in the ED, or receiving neither
ED corticosteroids nor a discharge prescription. Also, the
severity and clinical characteristics of asthma exacerba-
tions among those who receive substandard care are
unknown.

This study builds on previous work using the National
Hospital Ambulatory Medical Care Survey-Emergency
Department (NHAMCS-ED) for years 2001-2007 show-
ing that children <18 years of age did not receive corti-
costeroids for 37% of asthma ED visits (5). However, this
previous analysis could not use newly available data in
2005 specifying whether medications given were given in
the ED, as a prescription upon discharge, or both. Also,
newer data have been released that include pulse oximetry
values (2006) and respiratory rates (2007) allowing a more
complete description of asthma exacerbations. In this
study, we used this more recent NHAMCS-ED data to
reexamine provision of corticosteroids for ED visits
among children and adults, focusing on the rates of differ-
ent types of substandard care and to assess the role of
exacerbation severity in the provision of corticosteroids.

METHODS

We used 2007-2009 data from the NHAMCS-ED, a
national probability-sample survey of ED visits at
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U.S. nonfederal hospitals conducted by the National
Center for Health Statistics (NCHS). NHAMCS-ED uses
a four-stage design which samples primary sampling units
(PSUs) as the first stage, hospitals within PSUs as the
second stage, emergency service areas within EDs as the
third stage, and patient visits as the final stage. Details of
the NHAMCS-ED survey and sampling design are pub-
lished elsewhere (8, 9). Information about patient demo-
graphics, vital signs, reason for visit, three provider
diagnostic codes, diagnostic services, procedures, medica-
tions, and visit disposition is abstracted from medical
records by NCHS field representatives or hospital staff
solely for the purposes of the NHAMCS-ED survey.
Unweighted response rates ranged from 79.5% to 86.7%
from 2007-2009 (10-12). Three years of data were com-
bined to increase the stability of estimates. Estimates were
considered unreliable if they had a relative standard error
(SE) >30% or were based on fewer than 30 unweighted
observations (13). Sample weights were calculated by
NCHS using the reciprocals of sampling selection prob-
abilities and nonresponse adjustments and were used to
calculate national estimates. STATA/SE version 12.0 was
used to conduct all analyses. The SVY suite of commands
was used to account for the complex sample design.

Visits with acute asthma exacerbations were identified
using International Classification of Diseases-9" Revision
Clinical Modification (ICD-9-CM) diagnosis codes for
asthma exacerbations (code 493). A relevant code in any
of the three diagnosis fields indicated an asthma exacerba-
tion. Visits were excluded if the patient was under 1 or
over 65 years of age (due to possible difficulties distin-
guishing asthma from bronchiolitis in the young and
Chronic Obstructive Pulmonary Disease in the elderly).
Additionally, patients admitted to the hospital (n = 191)
were excluded because they might have received corticos-
teroids during hospitalization but not in the ED. These
criteria resulted in 1854 visits for asthma exacerbations. Of
these, 70.3% had a diagnostic code for asthma in the first-
listed position.

Our dependent variable included the following cate-
gories to reflect each type of substandard care and standard
care: 1) No corticosteroids provided or prescribed, 2)
corticosteroids provided in the ED, but not prescribed
upon discharge, 3) corticosteroids not provided in the
ED, but prescribed upon discharge, and 4) corticosteroids
provided in the ED and prescribed upon discharge (stan-
dard of care). We hypothesized that the clinical character-
istics of a patient may be associated with one type of failure
to provide corticosteroids or the other, but perhaps not
both. For example, less severe exacerbations might be
associated with providing a prescription at discharge but
failure to provide corticosteroids in the ED, while severe
exacerbations might be associated with receiving corticos-
teroids in the ED and instructions to seek follow-up the
next day in lieu of a discharge prescription.

We used NHAMCS-ED coding of medications
“prescribed or provided at this visit” (up to eight) listed
for each visit to identify the most commonly prescribed
intravenous and oral corticosteroids (prednisone,

prednisolone, methylprednisolone, and dexamethasone).
Inhaled corticosteroids were analyzed separately, as the
standard of care specifies that systemic corticosteroids
should be provided for moderate to severe exacerbations
in acute care settings. Inhaled corticosteroids (beclo-
methasone, budesonide, ciclesonide, flunisolide, flutica-
sone, mometasone, and triamcinolone) were also
identified, either alone or in combination with other med-
ications. In 25 cases, it was unclear from medication codes
whether corticosteroids were for nasal or inhalational use.
In these cases, diagnoses were reviewed, and in all cases
except one, asthma was the only diagnosis for which the
medication would likely have been prescribed. Therefore,
these cases were likely to represent inhaled corticosteroids
rather than nasal corticosteroids and were included as
visits in which inhaled corticosteroids were provided.
Whether corticosteroids were provided only in the ED,
were provided only as a prescription, or both were identi-
fied using checkboxes on the NHAMCS-ED abstraction
form. Nine visits for which corticosteroids were given but
neither box was checked were excluded (0.49% of asthma
Visits).

Of the 839 visits for which no corticosteroids were
received, 12 had the maximum number of eight medica-
tions listed. Therefore for only this small percentage of
visits (1.4%), it was possible that corticosteroids were
given but not recorded due to lack of space on the
NHAMCS abstraction form.

Sub-group analysis was conducted for children and
adolescents 1-19 years of age (n = 898) because the
epidemiology and pathophysiology of asthma in children
may differ from those of adults (14—16) and to allow more
direct comparison to the previous analysis of NHAMCS
data on corticosteroids provision for asthma ED visits (5).
For this subgroup, 61 visits were excluded because they
resulted in hospital admission, and 6 visits were excluded
because the checkboxes identifying the mode of corticos-
teroids provision were blank. This resulted in 831 observa-
tions in this sub-group analysis.

Clinical severity of the episode was measured using
respiratory rate and pulse oximetry. Respiratory rate was
classified as normal, increased, or fast for age based on the
asthma scoring system used by Children’s National
Medical Center (Table 1) (17). Overall, clinical severity
of the exacerbation was categorized as: “normal respira-
tory status” (normal pulse oximetry value of 97-100% (18)
and normal respiratory rate) and “‘abnormal respiratory
status” (abnormal value recorded for pulse oximetry,
respiratory rate, or both). The abnormal respiratory status

TABLE 1.—Respiratory classification by age group.

Age Normal rate Increased rate Fast rate
1-3 years <34 35-39 > 40
4-5 years <30 31-35 > 36
6-12 years <26 27-30 > 31
>12 years <23 24-27 > 28

Note: Adapted from Children’s National Medical Center, CNMC Emergency
Department Asthma Flow Sheet.
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category identified the group likely to have moderate or
severe exacerbations. To provide validation of our asthma
severity measures, we compared the rate of hospital or
observation unit admission among those in different
respiratory groups using logistic regressions. The odds
ratios (ORs) of admission were significantly greater
among those with abnormal compared to normal respira-
tory status (OR = 1.87, p < .01). The ORs of admission
were greater in the fast respiratory rate group compared to
those in the normal group (OR = 2.13, p < .01), and the
ORs of admission were greater in the lowest pulse oxime-
try group compared to those in the normal pulse oximetry
group (OR = 2.84, p < .001). This suggests that these
measures are indeed reflective of asthma severity.

We used three categories of covariates to assess whether
factors other than clinical severity could be associated with
the provision of the standard care: patient demographics,
hospital characteristics, and other visit characteristics.
Patient demographics included age group (1-5, 6-19,
and 20-64 years of age), race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, and other), sex,
expected source of payment (private insurance,
Medicaid/SCHIP, and no charge/charity/workers comp/
Medicare), median income of ZIP-code of residence, and
urban-rural status of patient’s ZIP-code (based on the
NCHS classification system: large central metro, large
fringe metro, medium metro, small metro/micropolitan/
noncore) (19). Hospital characteristics included ED
volume (<30,000, 30,000-50,000, 50,001-70,000,
and >70,000), teaching hospital vs. nonteaching hospital,
and Census region (Northeast, Midwest, South, and West).
Other visit characteristics included season of visit
(December-February, March—-May, June—August, and
September—November) and daytime vs. night-time arrival
in ED (7AM to 6: 59PM vs. 7PM to 6:59AM).

No data were missing for age, sex, region, season of
visit, and ED volume. Race and ethnicity were imputed by
NCHS for 14.4% and 19.5% respectively of observations
in the analysis (26.6% of visits had at least one of these
values imputed). Four percent of records were missing data
for urban-rural status, 6.5% for expected source of pay-
ment, 0.7% for time of arrival in ED, 1.0% for teaching
status, and 5.7% for median income of ZIP-code. Pulse
oximetry was missing for 13% and respiratory rate for
6.1% of records.

Observations with missing values for variables with a
missing rate of <5% were excluded from analyses using
those variables. For observations with missing values for
variables with a missing rate of >5% (expected source of
payment, median income of ZIP-code, pulse oximetry, and
respiratory rate), we conducted multiple imputation (five
imputed data sets) using chained equations. The under-
lying regressions for the imputations were multinomial
logistic regression for expected source of payment and
linear regression for the three continuous variables. None
of the three continuous variables was normally distributed.
Therefore, respiratory rate and median income of ZIP-code
were log-transformed prior to imputation and later back-
transformed. Because a large percentage of pulse oximetry

values were equal to 100%, transformation was not possi-
ble. Hence, predictive mean matching was used to limit
imputed pulse oximetry values to those already in the data
set. All other variables mentioned above, including the
dependent variable, were included in all imputation regres-
sion equations. We also added to the imputation models
whether asthma was a first-, second-, or third-listed diag-
nosis. Finally, sample design strata were added to the
imputation models to account for the complex sample
design. The strata represent a combination of region, sur-
vey year, and the probability with which PSUs, the first
sampling stage of the survey representing geographic
areas, are selected into the survey. Because there were
too many PSUs to achieve convergence, PSU was not
included in imputation models.

Univariate Analyses

The proportion of visits in each category of the dependent
outcome was compared using pairwise Wald tests. Also,
the percentage of visits for which patients received any
inhaled corticosteroids was calculated.

Bivariate Analyses

For clinical severity variables (pulse oximetry, respiratory
rate, and overall respiratory status), frequencies were
calculated for each dependent variable category (no corti-
costeroids, corticosteroids given in the ED only, corticos-
teroids prescribed at discharge only, and corticosteroids
given in the ED and prescribed at discharge). Also, the
percentage of visits for which patients received inhaled
corticosteroids in each category of the dependent variable
was calculated. Comparisons of frequencies were con-
ducted using pairwise Wald tests. Finally, three separate
multinomial logistic regressions were conducted using
each of the three clinical severity variables as the indepen-
dent variable and the standard of care representing the
reference category for the dependent variable.

Multivariate Analyses

We used two multivariate multinomial logistic regression
models with exacerbation severity as the main independent
variable of interest and with the dependent variable and
covariates described above. The first model included pulse
oximetry and respiratory rate as measures of exacerbation
severity, and the second model included overall respiratory
status as a measure of exacerbation severity. Urban/rural
status and teaching versus nonteaching hospital were
highly correlated with ED volume. None of the three vari-
ables were found to be significant in bivariate analyses. We
believed ED volume would best capture the variation in
ED practice, and thus this was the only variable of the three
included in the models. Predictive margins were used to
determine the adjusted percentages in each dependent vari-
able category for patients with different -clinical
characteristics.

Sensitivity analyses that used complete case analyses
included a total of 1385 observations or approximately
75% of the total records available. Also, sensitivity
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analyses were conducted that included only those visits
with asthma exacerbation codes listed in the first position,
as those with asthma exacerbation codes listed in second or
third position may be less severe. For visits by
children <20 years of age, some estimates of each outcome
by pulse oximetry and respiratory rate categories were not
reliable for this sensitivity analyses, so only the second
model with overall respiratory status was analyzed.

RESULTS

For 27.1% of ED asthma visits by patients 1 to <65 years
of age, corticosteroids were provided both in the ED and
as a discharge prescription (Figure 1 and Table 2). For
another 12.3% of visits, corticosteroids were not provided
in the ED, but a prescription was provided at discharge. For
18.2% of visits, corticosteroids were provided in the ED,
but not upon discharge. For 42.4% of visits, patients
received no corticosteroids, either in the ED or as a pre-
scription at discharge.

For 7.4% (95% CI: 5.6-9.2%) of all visits, inhaled
corticosteroids were received, and this occurred in 5.2%
(CI: 3.2-7.3%) of visits in which no systemic corticoster-
oids were provided and 9.1% (CI: 5.5-12.8%) of visits in
which corticosteroids were provided both in the ED and as
a prescription. The rates of provision of inhaled corticos-
teroids were not statistically reliable for other categories.

Examination of visits by exacerbation severity showed
that for 32% of visits for patients with abnormal overall
respiratory status (high respiratory rate and/or decreased
pulse oximetry value), the standard of care was received,
compared with 22.1% of visits for patients with normal
respiratory status (p < .001) (Figure 2 and Table 2, unad-
justed percentages). However, when indicators of respiratory
status were analyzed separately (normal versus abnormal
pulse oximetry rate and normal versus fast respiratory rate),
rates of receiving the standard of care were not statistically

corticosteroids both
given in ED and
prescribed at
discharge

corticosteroids
given in ED only

different. Indeed, those with pulse oximetry of <94%
(30.8%) and those with pulse oximetry of 97-100%
(24.5%) received the standard of care at a similar rate
(p > .05) and those with a fast respiratory rate (31.5%) and
those with a normal respiratory rate (24.9%) also received the
standard of care at a similar rate (p > .05). When assessing the
most substandard care, the rate of failure to provide any
corticosteroids was lower for visits of patients with an
abnormal respiratory status (32.5%) compared to those with
normal respiratory status (52.0%) (p < .001) (Figure 2).
Similarly, there were significant differences in care received
when the individual indicators of respiratory status were
assessed. The rate of failure to provide any corticosteroids
was lower among visits for patients with a fast respiratory rate
(26.1%) than for those with a normal respiratory rate (47.7%)
(p < .001) and was lower for those with pulse
oximetry <94% (32.1%) compared to those with pulse oxi-
metry of 97-100% (46.5%) (p < .01).

In bivariate multinomial logistic regression, visits for
patients with lower pulse oximetry values, higher respira-
tory rates, and abnormal overall respiratory status were all
found to be significantly inversely related to failure to
provide any corticosteroids compared to the standard of
care (OR = 0.61 for pulse oximetry values of 95-96%,
OR = 0.55 for pulse oximetry values of <94%, OR = 0.40
for increased respiratory rate, OR = 0.43 for fast respira-
tory rate, and OR = 0.43 for abnormal overall respiratory
status) (Table 3, unadjusted OR). However, neither pulse
oximetry values, respiratory rate, nor overall respiratory
status were significantly related to receiving a prescription
for corticosteroids only or corticosteroids in the ED only,
compared to the standard care.

Adjusted rates of receiving corticosteroids in each
category were very similar to the unadjusted rates:
adjusted estimates were within a single standard devia-
tion of the unadjusted estimates, and overall patterns were
the same (Table 2, adjusted percentages). Similarly, in
multivariate multinominal logistic regression analyses,

No corticosteroids
given or prescribed

corticosteroids given as prescription
at discharge only.

FIGURE 1.—Percent distribution of systemic corticosteroids provided in the ED and as a discharge prescription, United States (NHAMCS-ED, 2007-2009).
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TABLE 2.—Unadjusted and adjusted percentages of visits with standard of care and substandard care provided, by exacerbation severity indicators (NHAMCS-
ED, 2007-2009).

Standard of care Substandard care

Corticosteroids provided both in ED  Corticosteroids provided as  Corticosteroids provided in ~ No corticosteroids
and as prescription (n = 466) prescriptions only (n = 232) ED only (n = 308) provided (n = 839)

Total weighted percentages (SE) 27.1 (1.6) 12.3 (1.1) 18.2(1.4) 42.4(1.9)

Unadjusted percentages (SE)
Respiratory rate

Normal (n = 1403) 24.9 (1.8) 10.8 (1.1) 16.6 (1.5) 47.7 (2.2)

Increased (n = 227) 35.7 (4.4) 19.0 3.7) 18.4 (3.4) 27.0 (3.8)

Fast (n = 215) 31.5(3.6) 14.3 (3.8) 28.1 (3.9) 26.1 (3.4)
Pulse oximetry

97-100% (n = 1224) 24.5 (1.9) 12.2 (1.5) 16.7 (1.7) 46.5 (2.3)

95-96% (n = 334) 32.6 (4.0 153 (3.0) 14.2 (2.9) 37.9 (4.0)

94% or less (n = 287) 30.8 3.7) 9.1 (2.1 28.1 (3.7) 32.1(3.7)
Overall respiratory status®

Normal (n = 982) 22.1(2.1) 10.0 (1.3) 15.8 (1.8) 52.0 (2.7)

Abnormal (n = 863) 323(2.3) 14.6 (1.7) 20.7(2.0) 32.5(2.2)

Adjusted percentages® (SE)
Respiratory rate

Normal (n = 1403) 24.7(1.8) 10.1 (1.1) 16.6 (1.5) 48.7 (2.3)

Increased (n = 227) 34.0 (4.5) 19.5 (3.7) 17.7 (3.6) 28.8 (4.5)

Fast (n = 215) 34.8 (4.3) 13.6 (4.1) 24.2 (4.0) 27.4 (3.9)
Pulse oximetry

97-100% (n = 1224) 24.6 (1.9) 11.8 (1.4) 16.9 (1.7) 46.7 (2.3)

95-96% (n = 334) 33.8(4.1) 14.3 (3.0 13.9(2.8) 38.0 (4.2)

94% or less (n = 287) 29.9 3.7) 8.22.1) 26.8 (3.9) 35.0 (4.2)
Overall respiratory status®

Normal (n = 982) 214 (2.1) 9.5(1.3) 15.6 (1.7) 53.5(2.7)

Abnormal (n = 863) 329 (2.3) 13.9 (1.7) 20.2 (2.0) 33.0(2.2)

Notes: “Adjusted for other characteristics of visit (season of visit and daytime vs. night-time arrival in ED), patient demographics (age group, race/ethnicity, sex of patient, expected
source of payment, and median income of ZIP-code of residence,), and hospital characteristics (ED volume and U.S. census region).

"Normal respiratory status is defined as normal pulse oximetry value (97-100%) and normal respiratory rate. Abnormal respiratory status is defined as either abnormal pulse oximetry
value, respiratory rate, or both.
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FIGURE 2.—Percent distribution of systemic corticosteroids provided in the ED and as a discharge prescription, by overall respiratory status, United States,
(NHAMCS-ED, 2007-2009).

adjusted ORs were similar to unadjusted ORs, and the impact of using multiply imputed data, we used only
there were no changes in significance of associations records with non-missing data and found that coefficients
(Table 3, adjusted OR). In sensitivity analyses to test were uniformly in the same direction and of similar
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TABLE 3.—Odds of substandard care versus standard of care (corticosteroids provided in the ED and as a discharge prescription), United States
(NHAMCS-ED 2007-2009).

Corticosteroids prescription only
provided (vs. standard of care)

Corticosteroids provided in ED
only (vs. standard of care)

No corticosteroids provided
(vs. standard of care)

Unadjusted odds ratios (95% CI)

Respiratory rate
Normal
Increased
Fast

Pulse oximetry
97-100%
95-96%
94% or less

Overall respiratory status®
Normal
Abnormal

Respiratory rate
Normal
Increased
Fast

Pulse oximetry
97-100%
95-96%
94% or less

Overall respiratory status®
Normal
Abnormal

Ref
1.23 (0.71-2.14)
1.05 (0.53-2.09)

Ref
0.94 (0.51-1.72)
0.59 (0.31-1.11)

Ref
1.00 (0.63-1.57)

Ref Ref
0.77 (0.44-1.35) 0.40 (0.25-0.64)""
1.34 (0.85-2.11) 0.43 (0.28-0.67)""

Ref Ref
0.64 (0.34-1.18) 0.61 (0.39-.97)"
1.34 (0.80-2.23) 0.55 (0.36-0.85)""

Ref Ref
0.90 (0.60-1.33) 0.43 (0.31-0.59)""

Adjusted odds ratios (95% CI)*

Ref
1.41(0.79-2.52)
0.96 (0.45-2.03)

Ref
0.88 (0.47-1.64)
0.57 (0.30-1.11)

Ref
0.95 (0.60-1.50)

Ref Ref
0.77 (0.43-1.40) 0.43 (0.26-0.72)""
1.04 (0.61-1.75) 0.40 (0.25-0.65)""
Ref Ref
0.60 (0.32-1.12) 0.59 (0.37-0.94)"
1.30 (0.75-2.26) 0.62 (0.39-0.98)"
Ref Ref
0.85 (0.56-1.29) 0.40 (0.29-0.56)""

Notes: “Odds adjusted using multinominal logistic regression for other characteristics of visit (season of visit and daytime vs. night-time arrival in ED), patient
demographics (age group, race/ethnicity, sex of patient, expected source of payment, and median income of ZIP-code of residence), and hospital characteristics (ED

volume and U.S. census region).

®Normal respiratory status is defined as normal pulse oximetry value (97-100%) and normal respiratory rate. Abnormal respiratory status is defined either abnormal

pulse oximetry, respiratory rate, or both.
*p <05, #¥p < .01.

magnitude, and all findings presented above remained
statistically significant (data not shown). Sensitivity ana-
lyses using only observations with asthma as a primary
diagnosis yielded similar results to the main analyses,
although the finding that pulse oximetry scores predicted
receiving no corticosteroids lost significance (data not
shown).

Among visits for children 1 to 19 years of age,
corticosteroids were provided both in the ED and as a
discharge prescription for 23.6% of visits. For another
12.3% of visits, only a prescription at discharge was

provided and for 20.7% of visits, corticosteroids were
provided in the ED only. For 43.5% of visits, no corti-
costeroids were provided (Table 4). Rates of receiving
the standard of care were lower among visits for chil-
dren with normal overall respiratory status (18.6%) than
for those with abnormal respiratory status (28.9%)
(p < .05). Lower rates of the most substandard care
(failure to provide any corticosteroids) were observed
for those with an abnormal overall respiratory status
(32.7%) compared to those with normal respiratory sta-
tus (53.6%) (p < .001).

TABLE 4.—Percentages of asthma visits by children 1-19 years of age with standard of and substandard care provided, by exacerbation severity indicators

(NHAMCS-ED, 2007-2009).

Standard of care

Substandard care

No corticosteroids
provided (n = 398)

Corticosteroids provided both
in ED and as prescription (n = 188)

Corticosteroids provided as
prescriptions only (n = 105)

Corticosteroids provided in
ED only (n = 140)

Weighted percentage (SE)

Total 23.6 (2.1) 12.3 (1.6) 20.7 2.1) 43.5(2.7)
Overall respiratory status—Unadjusted Percentages (SE)
Normal 18.6 (2.8) 9.2(1.8) 18.7 (2.9) 53.6 (3.9)
Abnormal 28.9(3.1) 15.6 (2.8) 229 (3.4) 32.7(3.1)
Overall respiratory status—Adjusted Percentages® (SE)
Normal 18.1 2.7) 8.2 (1.6) 18.1 2.9) 55.6 (3.9)
Abnormal 30.0 3.0) 14.0 (2.6) 22.6 (3.5) 33.53.2)

Note: *Adjusted for other characteristics of visit (season of visit and daytime vs. night-time arrival in ED), patient demographics (race/ethnicity, sex of patient, expected source of
payment, and median income of ZIP-code of residence,), and hospital characteristics (ED volume and U.S. census region).

RIGHTS LI g



J Asthma Downloaded from informahealthcare.com by University of Liverpool on 10/30/14

For personal use only.

CORTICOSTEROIDS FOR ASTHMA IN US EMERGENCY DEPARTMENTS 425

Di1scUSSION

Substandard care in the US for asthma ED visits may be
more common than previously reported. Indeed, while
Bekmezian et al. found that systemic corticosteroids
were not given or prescribed in 37% of asthma visits
among children (5), our results show that suboptimal
care, more broadly defined as any outcome falling short
the recommended standard of care— provision of corti-
costeroids both in the ED and as a discharge prescription
—is even more common. Our results suggest that while
systemic corticosteroids were not given or prescribed in
43.5% of asthma visits among children, care was subopti-
mal in 76.4% (CI 72.2-80.2% ) of asthma visits for chil-
dren and in 72.9% (CI 69.7-75.9%) of asthma visits across
all age groups. While this assumes that corticosteroids
should be provided for all asthma ED visits, even among
more severe exacerbations (visits with lower pulse oximetry
values and fast respiratory rates recorded), substandard care
was provided more than 60% of the time. Therefore, inap-
propriate use of ED services for mild exacerbations does not
fully explain the rates of suboptimal care observed.

The relationship between exacerbation severity and
differing categories of substandard care does not follow a
strictly linear pattern. For less severe exacerbations (lower
respiratory rates and higher pulse oximetry values), there
were greater odds of patients receiving no corticosteroids
(rather than the standard of care) compared to exacerba-
tions with either higher respiratory rates, lower pulse oxi-
metry scores, or both. However, there was no association
between exacerbation severity and intermediate subopti-
mal outcomes—either receiving corticosteroids in the ED
only or only receiving a prescription at discharge.

Nonetheless, understanding intermediate suboptimal
outcomes is important. In 18.2% of all visits, ED physi-
cians recognized the need for corticosteroids and provided
them in the ED, but failed to continue the course of corti-
costeroids with a prescription, perhaps relying on patient
follow-up at their own physician. However, previous stu-
dies suggest that more than half of patients do not follow
up with their physician after ED asthma visits (20, 21).
Hence, efforts to increase ED discharge prescriptions for
corticosteroids may represent an opportunity to improve
care.

There was little difference between unadjusted and
adjusted estimates for each outcome category within
exacerbation severity categories. This suggests that the
included covariates for factors other than exacerbation
severity had little impact on the provision of corticoster-
oids . In this regard, we also tried to duplicate the finding of
Bekmezian, et al. that pediatric EDs were more likely to
provide corticosteroids (5). However, in our model for
children 1-19 years of age which included the additional
information about exacerbation severity, being treated in a
pediatric ED was not found to be a significant factor, and
predictive margins changed by less than 2 percentage
points.

This study has several limitations. Missing data for
some variables, particularly respiratory rate and pulse oxi-
metry, may bias regression results. Although likely the
best option for addressing missing data (22), multiple
imputation is only as sound as the imputation models
used, and predictive mean matching for imputation of
non-normally distributed variables has not been fully
tested (23). Further, using singly imputed values for race/
ethnicity in the multiple imputation models of other vari-
ables may result in underestimated SEs in the final models.
However, our analysis using the multiply imputed data
was very similar to results of a sensitivity analysis using
complete case analysis.

CONCLUSION

Substandard care in asthma care in the ED is more com-
mon than previously identified. While some types of sub-
standard care are associated with indicators of less severe
exacerbation, this relationship is not seen in other types of
substandard care. Finally, even among visits for more
severe exacerbations, substandard care was provided for
more than half of the visits.

ACKNOWLEDGMENTS

We would like to acknowledge the thoughtful guidance of
Ken Schoendorf, Nathaniel Schenker, and Guangyu
Zhang.

DECLARATION OF INTEREST

The authors have no conflicts of interest to disclose.

The findings and conclusions in this report are those of
the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.
The authors have no financial relationships relevant to this
article to disclose. No funding or research support was
received for this research.

REFERENCES

1. National Center for Health Statistics. National Hospital Ambulatory
Medical Care Survey. 2009. Emergency department summary tables.
Available at: http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/
2009_ed_web_tables.pdf. Accessed November 8, 2012.

2. National Asthma Education and Prevention Program. National Heart
LaBI, National Institutes of Health: U.S. Department of Health and
Human Services; Expert Panel Report 3: Guidelines for the Diagnosis
and Management of Asthma. August 28, 2007.

3. Rowe B, Spooner C, Ducharme F, Bretzlaff J, Bota G.
Corticocorticosteroids for preventing relapse following acute exacerba-
tions of asthma. Cochrane Database of Systematic Reviews 2007,
Issue 3. Art. No. CD000195.

4. Adams RJ, Smith BJ, Ruffin RE. Factors associated with hospital admis-
sions and repeat emergency department visits for adults with asthma.
Thorax 2000; 55(7):566-573.

5. Bekmezian A, Hersh AL, Maselli JH, Cabana MD. Pediatric emergency
departments are more likely than general emergency departments to treat

RIGHTS

ir


http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2009_ed_web_tables.pdf
http://www.cdc.gov/nchs/data/ahcd/nhamcs_emergency/2009_ed_web_tables.pdf

J Asthma Downloaded from informahealthcare.com by University of Liverpool on 10/30/14

For personal use only.

426

13.

asthma exacerbation with systemic corticosteroids. J Asthma 2011;
48(1):69-74.

. Tsai CL, Sullivan AF, Gordon JA, Kaushal R, Magid DJ,

Blumenthal D, Camargo CA. Quality of care for acute asthma in 63
US emergency departments. J Allergy Clin Immunol 2009; 123
(2):354-361.

. Ly CD, Dennehy CE. Emergency department management of pediatric

asthma at a university teaching hospital. Ann Pharmacother 2007; 41
(10):1625-1631.

. Niska R, Bhuiya F, Xu J. National hospital ambulatory medical care

survey: 2007 emergency department summary. Natl Health Stat Report
20105 6(26):1-31.

. Pitts SR, Niska RW, Xu J, Burt CW. National hospital ambulatory

medical care survey: 2006 emergency department summary. Natl
Health Stat Rep 2008 ; 6(7):1-38.

. Fine A, Kotelchuck M. Rethinking MCH: The life course model as an

organizing framework. Concept Paper Department of Health and Human
Services, Health Resources and Services Administration, Maternal and
Child Health Bureau, 2010.

. Institute of Medicine Committee on Pediatric Health and Health Care

Quality Measures. Child and Adolescent Health and Health Care
Quality: Measuring What Matters. Washington, DC: National
Academies Press, 2011.

. United States Census Bureau. Survey of income and program participa-

tion. Available at: http://www.census.gov/sipp/index.html. Accessed
May 18, 2012.
Schappert SM, Rechtsteiner EA. Ambulatory medical care utilization
estimates for 2007. National Center for Health Statistics. Vital health stat
13(169). 2011.

. Jenkins HA, Cherniack R, Szefler SJ, Covar R, Gelfand EW, Spahn JD.

A comparison of the clinical characteristics of children and adults with
severe asthma. Chest 2003; 124(4):1318-1324.

15.

20.

21.

22.

23.

A.E. SIMON & L. J. AKINBAMI

Winer RA, Qin X, Harrington T, Moorman J, Zahran H. Asthma
incidence among children and adults: Findings from the Behavioral
Risk Factor Surveillance system asthma call-back survey-United
States, 2006-2008. J Asthma [Comparative Study] 2012;
49(1):16-22.

. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA,

Liu X. Trends in asthma prevalence, health care use, and mortality in the
United States, 2001-2010. NCHS data brief, no. 94. Hyattsville, MD:
National Center for Health Statististics. 2012.

. Children’s National Medical Center. CNMC Emergency Department

Asthma Flow Sheet. Available at: http://www.childrensnational.org/files/
PDF/DepartmentsandPrograms/HBS/IMPACTdc/AsthmaFlowSheet.pdf.
Accessed August 1, 2007.

. Schutz SL. Oxygen Saturation Monitoring by Pulse Oximetry. In: Lynn-

McHale DJ, Carlson KK, eds. AACN Procedure manual for Critical
Care. 4th ed. Philadelphia: W. B. Saunders, 2001.

. Ingram DD, Franco SJ. NCHS urban-rural classification scheme for

counties. National Center for Health Statistics. Vital Health Stat
2(154).2012.

Cabana MD, Bruckman D, Bratton SL, Kemper AR, Clark NM.
Association between outpatient follow-up and pediatric emergency
department asthma visits. J Asthma [Research Support, Non-U.S.
Gov’t] 2003; 40(7):741-749.

Withy K, Davis J. Followup after an emergency department visit for
asthma: Urban/rural patterns. Ethn Dis 2008 Spring; 18(2 Suppl 2):S2—
247-251.

Little RJA, Rubin DB. Statistical Analysis with Missing Data. 2nd ed.
Hoboken, NJ: John Wiley & Sons, Inc, 2002.

Simon AE (Office of Analysis and Epidemiology, National Center for
Health Statistics, Hyattsville, MD). Conversation with: Schenker N
(Office of Research and Methodology, National Center for Health
Statistics, Hyattsville, MD). 201, Feb 14.

RIGHTS

Ay


http://www.census.gov/sipp/index.html
http://www.census.gov/sipp/index.html
http://www.childrensnational.org/files/PDF/DepartmentsandPrograms/HBS/IMPACTdc/AsthmaFlowSheet.pdf
http://www.childrensnational.org/files/PDF/DepartmentsandPrograms/HBS/IMPACTdc/AsthmaFlowSheet.pdf
http://www.childrensnational.org/files/PDF/DepartmentsandPrograms/HBS/IMPACTdc/AsthmaFlowSheet.pdf

