
Factors associated with delayed use or nonuse of
systemic corticosteroids in emergency
department patients with acute asthma
Chu-Lin Tsai, MD, ScD*; Brian H. Rowe, MD, MSc†; Ashley F. Sullivan, MS, MPH*; and
Carlos A. Camargo Jr, MD, DrPH*

Background: Little is known about factors associated with systemic corticosteroid (SC) use in emergency department (ED)
patients with acute asthma.

Objective: To determine the patient and system factors associated with delayed use or nonuse of SCs in the ED.
Methods: We analyzed the asthma component of the National Emergency Department Safety Study. Patients with acute

asthma in 62 urban EDs in 23 US states between 2003 and 2006 were identified. The primary outcome measure was the pattern
of SC use in the ED, which was categorized as timely use (�60 minutes), delayed use (�60 minutes), or nonuse. Multinomial
logistic regression was performed to identify factors associated with delayed use or nonuse of SCs.

Results: A total of 2,559 of 3,798 patients with acute asthma (67.4%) received SCs. Of these, the median door-to-SC time was
62 minutes (interquartile range, 35–100 minutes), with 1,319 patients (51.5%) having delayed SC treatment. Nonuse of SCs was
largely explained by markers of asthma exacerbations (never intubated for asthma, lower respiratory rate, and higher oxygen
saturation). In contrast, in addition to these factors, delayed SC treatment was associated with age of 40 years or older, female
sex, longer duration of symptoms, ED presentation between 8 AM and 11:59 PM, and ED with a longer average patient wait time.

Conclusions: Physicians in the ED seem to appropriately administer SCs to higher-acuity asthmatic patients; however, the
additional nonmedical factors represent opportunities to improve the timeliness of SC treatment in the ED.

Ann Allergy Asthma Immunol. 2009;103:318–324.

INTRODUCTION
Acute asthma is a common presentation to the emergency
department (ED), accounting for approximately 2 million ED
visits each year.1 One of the primary and evidence-based
therapies for acute asthma in the acute setting is systemic
corticosteroids (SCs). Most asthma guidelines suggest that
SCs be given to patients who have moderate to severe asthma
exacerbations.2,3 Furthermore, although corticosteroids are
traditionally thought to exert their effect over hours rather
than minutes, there is theoretical and clinical evidence of
acute treatment effects.4–6 A meta-analysis7 summarizing 12
randomized trials has shown that the use of SC within 1 hour
of ED arrival significantly improves pulmonary function and

reduces the odds of hospital admission by 60%. The evidence
also suggests little benefit for higher doses8 or for intravenous
treatment.7 Consequently, prompt administration of SCs in
the ED may have greater benefits than delayed use.

Previous studies have reported that approximately 60% to
70% of ED patients with asthma exacerbations receive SC
treatment in the ED9,10 and that among those who receive
SCs, there often is a delay in delivery.10 Little is known,
however, about factors associated with the pattern of SC use
(ie, delayed use or nonuse) in ED patients with acute asthma.
Understanding the determinants of delayed use or nonuse of
SCs may help identify important opportunities for improving
timely and appropriate use of SCs in acute asthma. In partic-
ular, if factors that are not medically justified are identified,
interventions should be implemented to minimize these fac-
tors. Using data from a large multicenter study, we sought to
determine the patient and system factors associated with
delayed use or nonuse of SCs in ED patients with acute
asthma.

METHODS

Study Design and Setting
This retrospective cohort study was part of the National
Emergency Department Safety Study (NEDSS), a large mul-
ticenter study that sought to characterize organizational- and
physician-related factors associated with the occurrence of
errors in EDs. Details of the study design and data collection
have been published previously.11 Three clinical conditions
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were examined in the NEDSS, including acute myocardial
infarction, dislocations, and acute asthma. The present anal-
ysis used the asthma component.10

The NEDSS was coordinated by the Emergency Medicine
Network (EMNet) (http://www.emnet-usa.org). The NEDSS
recruited EDs by directly inviting sites affiliated with EMNet;
EDs not yet affiliated with EMNet were invited through
postings on emergency medicine listservs and presentations
at national emergency medicine meetings. The NEDSS ex-
cluded military hospitals, Veterans Affairs hospitals, chil-
dren’s hospitals, and hospitals in US territories. The institu-
tional review boards at all participating hospitals approved
the study. A total of 63 US EDs in 23 US states completed the
asthma component of the NEDSS.

Inclusion and Exclusion Criteria
Using a standardized data abstraction tool, trained research
personnel at each site abstracted data from 70 randomly
selected ED visits for acute asthma during a 12-month period
in 2003 to 2006. Sites with less than 70 medical records
reviewed all eligible medical records. The visits were iden-
tified by using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code 493.xx.
The ICD-10 codes were not yet implemented in the United
States during the study period. The inclusion criteria were age
of 14 to 54 years and a history of asthma before the index
visit. The following visits were excluded: repeated visits;
transfer visits; patient visits with a history of chronic obstruc-
tive pulmonary disease, emphysema, or chronic bronchitis; or
visits not prompted, in large part, by asthma exacerbation.
The final sample consisted of 4,053 visits from 63 EDs.

Because one site was prohibited by its institutional review
board to document dates (including date of birth), for the
purpose of this time-related analysis, this site was omitted

from the analysis (n � 67). We further excluded patients who
received SCs in the ED but the times to SC treatment were
not documented (n � 188). The patient flow is illustrated in
Figure 1.

Data Collection and Processing
Data abstracted included baseline patient characteristics,
asthma history, details of ED presentation, ED provider type,
ED management, and ED disposition. The timing of ED
arrival and ED treatments also were collected from medical
records. The time of ED arrival was defined as the earliest
documented time in the medical record, which may be the
time of triage (most), the time of registration, or the time of
arrival in the ambulance notes. This definition is consistent
with the consensus on ED performance measures,12 which
defines the arrival time as the time that the patient first is
recognized and recorded by the ED system. Treatment with
SCs included oral, intravenous, or intramuscular administra-
tion. Peak expiratory flow (PEF) was recorded in liters per
minute and is expressed as the absolute value; no predicted
values are presented because of infrequent recording of the
patient’s height in ED medical records. Severity of acute
asthma was classified according to the initial PEF as follows:
mild, 300 L/min or greater for women and 400 L/min or
greater for men; moderate, 200 to 299 L/min for women and
250 to 399 L/min for men; severe, 120 to 199 L/min for
women and 150 to 249 L/min for men; and very severe, less
than 120 L/min for women and less than 150 L/min for men.
The absolute PEF cutoff values represented approximately
70%, 40%, and 25% of predicted, respectively, for typical
adult women and men.13

We also distributed a key informant survey at each site to
collect data on ED characteristics such as annual visit vol-
ume. A few variables related to ED crowding were collected,

Figure 1. Patient flow. ED indicates emergency department; SC, systemic corticosteroid.
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such as average patient wait times in the past year and the
presence of an ED policy on ambulance diversion. Geo-
graphic regions (Northeast, South, Midwest, and West) were
defined according to US Census Bureau boundaries.14

Outcome Measures
The time to SC treatment was calculated from the docu-
mented date and time of ED arrival to the documented date
and time of first administration of SCs in the ED. Based on
the cutoff time suggested by the systematic review,7 delayed
SC treatment was defined as a time to SC treatment greater
than 60 minutes. The primary outcome measure was the
pattern of SC use in the ED, which was categorized as timely
use (time to SC treatment �60 minutes), delayed use (time to
SC treatment �60 minutes), and nonuse.

Statistical Analysis
Summary statistics at the patient and ED levels are presented
as proportions (with 95% confidence intervals [CIs]) or as
medians (with interquartile ranges [IQRs]). The univariable
associations between pattern of SC use and other variables
were analyzed using �2, Fisher exact, and Kruskal-Wallis
tests, as appropriate. Multivariable multinomial logistic re-
gression was performed to identify patient and ED character-
istics independently associated with delayed use or nonuse of
SCs compared with timely use. Model variables were se-
lected a priori15 or from variables associated with the pattern
of SC use at P � .10 in univariable analyses.16 These vari-
ables included age, sex, race/ethnicity, ever intubated or
ventilated for asthma, long-term use of oral corticosteroids,
time from symptom onset to ED presentation, time of ED
presentation, recent upper respiratory tract infection, initial
respiratory rate, initial oxygen saturation, initial PEF, calen-
dar year, and the following 6 ED characteristics: number of
beds in the ED, annual visit volume, region, affiliation with
an emergency medicine residency program, average patient
wait times in the past year, and the presence of an ED policy
on ambulance diversion. Variables with missing data (race/
ethnicity and PEF) were dummy coded using the missing
indicator method.17 We tested for a priori 2-way interaction
by multiplying the 2 factors of interest and including an
interaction term in the final multivariable model. To account
for the potential effects of clustering of patients within EDs,
the multivariable analyses were performed by specifying the
cluster option to obtain robust estimates of standard errors.
This method is statistically equivalent to fitting models using
generalized estimating equations with an independence work-
ing covariance matrix.18 All analyses were performed using a
software program (Stata v10.0; StataCorp LLP, College Sta-
tion, Texas). All odds ratios are presented with 95% CIs.

Subgroup and Sensitivity Analyses
We performed subgroup and sensitivity analyses in patients
who received SCs in the ED. We plotted the distribution of
the interval from ED arrival to SC administration. We mod-
eled time to SC treatment as a continuous variable to identify
factors associated with a longer time to SC treatment. Be-

cause the distribution of time to SC treatment was skewed,
we log transformed this variable for performing linear regres-
sion and converted back to the original values using geomet-
ric means for presenting the results.19 The linear regression
model included the same covariates as the multinomial logis-
tic regression model in the main analysis.

RESULTS

ED Characteristics
The EDs in this study were all urban but were located in
different geographic regions of the country. Most of them
were affiliated with an emergency medicine residency pro-
gram and had a policy that allowed ambulance diversion.
There were no statistically significant differences in ED char-
acteristics according to SC use except that patients with
delayed use of SCs were more likely to be treated in EDs with
more beds and a slightly longer average patient wait time.

Patient Characteristics
Of the 3,798 patients with acute asthma from the 62 EDs,
2,559 (67.4%) received SC treatment in the ED. Figure 2
shows the patient distribution of the times to ED treatment
with SCs. In those who received SC treatment, the median
door-to-SC time was 62 minutes (IQR, 35–100 minutes), with
1,319 patients (51.5%) having delayed SC treatment accord-
ing to the 1-hour cutoff time.

Overall, the median age of these patients was 34 years
(IQR, 24–43 years); 64% were women and 46% were black.
Table 1 displays the patient and ED characteristics according
to the pattern of SC use in the ED. Patients with delayed use
of SCs were slightly older and were more likely to be women,
but no racial/ethnic differences in SC use were observed.
Patients with timely use of SCs had more severe chronic
asthma, as reflected by higher numbers of admissions and ED
visits and a higher chance of being intubated for asthma in the
past. Patients with timely use of SCs also had more severe

Figure 2. Distribution of the time from emergency department arrival to
systemic corticosteroid treatment.
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Table 1. Patient and ED Characteristics

Characteristic
Timely use of SCs

(n � 1,240)
Delayed use of SCs

(n � 1,319)
Nonuse of SCs

(n � 1,239)
P

value

Demographic Factors
Age, median (IQR), y 34 (24–43) 35 (25–44) 32 (22–42) �.001
Female sex, % 62 67 64 .03
Race/ethnicity, %a .054

White 35 33 33
Black 47 48 45
Hispanic 16 15 19
Other 2 4 3

Chronic Asthma Factors
Admitted for asthma in past year, % 13 8 6 �.001
ED visit for asthma in past year, % 27 26 18 �.001
Ever intubated or ventilated for asthma, % 13 7 5 �.001

ED Presentation
Time from symptom onset to ED presentation, % �.001

�1 d 40 26 42
1–3 d 42 45 35
4–7 d 11 16 12
�7 d 7 12 10

Time of ED presentation, % �.001
Midnight to 7:59 AM 29 17 22
8 AM to 3:59 PM 36 40 41
4 PM to 11:59 PM 36 43 37

Initial respiratory rate, median (IQR), breaths/min 24 (20–26) 20 (18–24) 20 (18–24) �.001
Initial oxygen saturation, median (IQR), % 97 (94–99) 97 (95–99) 98 (96–99) �.001
Initial PEF, median (IQR), L/minb 220 (150–300) 240 (165–300) 270 (200–350) �.001
Severity based on initial PEF, %bc �.001

Mild 17 21 33
Moderate 37 38 43
Severe 32 31 20
Very severe 14 10 5

ED Outcomes
ED length of stay, median (IQR), min 152 (105–240) 218 (152–315) 145 (92–231) �.001
ED disposition, % �.001

Sent home 73 78 87
Admission (hospital ward/observation unit) 21 19 9
ICU admission 3 1 1
Other (eg, left against medical advice) 3 2 3

ED Characteristics
Urban location, % 100 100 100 NA
Census region, % .05

Northeast 39 44 43
Midwest 30 25 25
South 12 12 12
West 20 19 21

Residency affiliated, % 75 79 76 .07
ED visits per year, median (IQR), No. 60,000 (45,000–75,595) 60,000 (45,000–74,416) 55,100 (43,000–74,416) .08
ED visits for asthma per year, median (IQR), No. 1,020 (511–1,825) 1,020 (511–1,767) 1,011 (511–1,663) .78
ED beds, median (IQR), No. 39 (27–50) 40 (28–50) 39 (27–46) .002
Had a policy that allowed ambulance diversion, % 94 94 94 .98
Average patient wait times in the past year,

median (IQR), min
60 (34–100) 60 (46–120) 60 (45–120) �.001

Abbreviations: ED, emergency department; ICU, intensive care unit; IQR, interquartile range; NA, not applicable; PEF, peak expiratory flow; SC,
systemic corticosteroid.
a Documented for 2,427 patients.
b Documented for 1,735 patients.
c See the “Methods” section of the text for details on classification.
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acute asthma, as suggested by higher respiratory rates, lower
oxygen saturation values, and lower PEF at ED presentation.
Patients with delayed use of SCs were more likely to present
to the ED (1) later after symptom onset and (2) between 8 AM

to 11:59 PM. Regarding ED outcomes, the ED length of stay
was longer in the group with delayed SC use. Patients with no
SC use were more likely to be discharged from the ED.

Multivariable Analyses
Table 2 lists patient and ED characteristics significantly as-
sociated with delayed use or nonuse of SCs in the multiva-
riable analyses. Patient factors independently associated with
delayed SC treatment included age of 40 years or older,
female sex, never intubated for asthma, longer duration of
symptoms, ED presentation between 8 AM and 11:59 PM,
lower respiratory rate, and higher oxygen saturation. The only
significant ED factor associated with delayed SC treatment
was average patient wait times in the past year.

The nonuse of SCs was largely explained by markers of
less severe exacerbations, including never intubated for
asthma, lower respiratory rate, higher oxygen saturation, and
higher PEF. There were no statistically significant interac-
tions in the multivariable model.

Subgroup and Sensitivity Analyses
In patients who received SCs in the ED, modeling door-to-SC
time as a continuous variable did not materially change the
results. For example, the adjusted geometric mean of time to
SC treatment was significantly longer for patients presenting
to the ED between 4 PM and 11:59 PM (65 minutes; 95% CI,
60–70 minutes) compared with those presenting between
midnight and 7:59 AM (48 minutes; 95% CI, 43–54 minutes).

DISCUSSION
In this study of 3,798 patients with acute asthma presenting to
62 EDs, we found that approximately two-thirds received
SCs; of these, approximately half did not receive SCs within
1 hour of ED arrival. We also found that nonuse of SCs was
largely explained by markers of less severe asthma exacer-
bations (never intubated for asthma, lower respiratory rate,
and higher oxygen saturation). In contrast, in addition to
factors relating to asthma acuity, delayed SC treatment was
associated with several medically unjustified patient-level
factors, such as age and sex, and system-level factors.

The delays in SC treatment were greatest in certain patient
subgroups, such as those 40 years or older and women.

Table 2. Multivariable Multinomial Logistic Model of Factors Associated With Delayed Use or Nonuse of SCs in Emergency Department
Patients With Acute Asthma

Variable
Adjusted OR (95% CI)a

Timely use of SCs Delayed use of SCs Nonuse of SCs

Age group, y NS
14–19 1.0 1 �Reference�
20–29 1.0 1.3 (0.9–1.7)
30–39 1.0 1.3 (0.9–1.6)
40–49 1.0 1.4 (1.02–1.9)
50–54 1.0 1.4 (1.02–2.0)

Female sex 1.0 1.2 (1.02–1.5) NS
Ever intubated or ventilated for asthma 1.0 0.5 (0.4–0.7) 0.5 (0.3–0.7)
Time from symptom onset to ED presentation

�1 d 1.0 1 �Reference� 1 �Reference�
1–3 d 1.0 1.4 (1.2–1.8) 0.7 (0.6–0.8)
4–7 d 1.0 1.8 (1.3–2.4) 0.9 (0.6–1.2)
�7 d 1.0 2.2 (1.5–3.1) 1.1 (0.8–1.6)

Time of ED presentation, %
Midnight to 7:59 AM 1.0 1 �Reference� 1 �Reference�
8 AM to 3:59 PM 1.0 1.9 (1.5–2.4) 1.5 (1.1–2.0)
4 PM to 11:59 PM 1.0 2.0 (1.6–2.4) 1.5 (1.2–2.9)

Initial respiratory rate, per increase in 5 breaths/min 1.0 0.7 (0.7–0.8) 0.6 (0.6–0.7)
Initial oxygen saturation, per increase of 5% 1.0 1.2 (1.02–1.3) 2.1 (1.8–2.4)
Initial PEF, per increase of 100 L/min 1.0 NS 1.3 (1.1–1.5)
Average patient ED wait times, per 30-min increase 1.0 1.05 (1.0003–1.1) NS

Abbreviations: CI, confidence interval; ED, emergency department; NS, not significant; OR, odds ratio; PEF, peak expiratory flow; SC, systemic
corticosteroid.
a The multivariable model was adjusted for age, sex, race/ethnicity, ever intubated or ventilated for asthma, chronic use of oral corticosteroids, time
from symptom onset to ED presentation, time of ED presentation, recent upper respiratory tract infection, initial respiratory rate, initial oxygen
saturation, initial PEF, calendar year, and the following 6 ED characteristics: number of beds in the ED, annual visit volume, region, affiliation with
an emergency medicine residency program, average patient wait times in the past year, and the presence of an ED policy on ambulance diversion.
The table shows only statistically significant predictors of either delayed use or nonuse of SCs in the multivariable model.
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Similar findings, however, have been reported in the setting
of ST-elevation myocardial infarction, with older patients and
women having significantly longer door-to-balloon times.20

Data from a national ED survey (1997–2004)21 also suggest
that wait times are significantly longer in women. In the
present study, these findings persisted even after adjustment
for severity of exacerbations, indicating that the differences
might result from physician practice patterns or patient pref-
erence. Given that SC treatment has been shown to be equally
effective in age and sex subgroups,7 this finding is concerning
and unacceptable. Although the magnitude of the differences
was not large, ED physicians should be aware of these
findings and increase efforts to minimize these disparities.

Systemwide health care crowding has left many EDs in
North America with considerable overcrowding pres-
sures.22,23 Several studies have shown that ED crowding is
associated with delays in delivery of timely emergency care,24

such as delays in antibiotic administration in community-
acquired pneumonia25 and thrombolysis delays in myocardial
infarction.26 In the present study, a longer average patient
wait time may serve as a proxy measure for a crowded ED
and, therefore, is associated with delays in SC treatment.

Another proxy for crowding may be the time of ED pre-
sentation. A survey of 575 ED directors in the United States
showed that the perceived worst crowding occurred between
3 PM and 11 PM, followed by 7 AM to 3 PM.27 Patients present-
ing to the ED during these periods may be more susceptible
to ED crowding, which, in turn, leads to a longer door-to-SC
time. This circadian difference in SC use has also been
reported in a previous multicenter study28 of acute asthma in
1996 to 1998, with nighttime patients more likely to receive
SCs in the ED. Similarly, nighttime patients were approxi-
mately 2 times more likely to receive timely antibiotic treat-
ment in community-acquired pneumonia.25 Taken together,
these findings suggest that time of ED presentation may be
related to ED crowding and its adverse consequences. This
important issue merits further investigation.

Consistent with guideline recommendations,2,3 the present
data suggest that ED physicians appropriately administer SCs
in patients with more severe exacerbations (ie, history of
intubation for asthma, higher respiratory rate, and lower
oxygen saturation). Another factor, early presentation to the
ED after symptom onset, may also relate to physician judg-
ment. For example, patients who present early may elicit
more urgency from ED physicians to initiate SC treatment.
Alternatively, patients who present late may exhibit more
atypical symptoms that subsequently lead to delayed treat-
ments, a finding that has been reported in acute myocardial
infarction.29

This study has some potential limitations. First, arrival
time was documented in the medical record and may repre-
sent triage or registration time, which might be collected by
electronic or paper processes. In addition, the timing of the
administration of the SC may not be precise because it is
recorded by nurses after the fact. Consequently, data on
door-to-SC time may be affected by random variability in

calculating this interval. Although this random measurement
error would bias the findings toward the null,30 we still
identified several important patient and ED factors associated
with delays in SC treatment. In other words, these associa-
tions could have been stronger had the measurement errors
been corrected. Second, the EDs that composed this sample
are predominantly urban, academically affiliated hospitals.
This may make these results less generalizable to community
hospitals without academic affiliation. Third, the ED wait
time was the average delay at each institution across all
conditions, not the wait time for the individual asthma visit.
As a result, its impact on time to SC was diluted. Fourth,
because it was an observational study, which is prone to
confounding by severity,31 we did not demonstrate the asso-
ciation between timely SC use and improved clinical out-
comes. Finally, this study used a retrospective data approach,
which has known recording biases; however, the information
used in this analysis was medication timing, which has been
shown to be valid previously.32

In summary, we found that approximately one-third of
patients with acute asthma did not receive SCs in the ED, and
of those who did receive ED corticosteroids, approximately
half did not receive this treatment within 1 hour of arrival.
Physicians in the ED seem to appropriately administer SCs to
higher-acuity asthmatic patients; however, the additional
nonmedical factors associated with delayed SC treatment are
concerning. Delays are more pronounced in subgroups of
women and patients 40 years or older and are associated with
ED factors related to crowding. For physicians, these results
indicate opportunities to improve timeliness and minimize
disparities in the patient care of acute asthma. For policy
makers, these results suggest the need for quality improve-
ment efforts to resolve the problem of ED crowding.
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