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Objectives: Commonly used acute asthma scoring systems assess
severity of symptoms, whereas other clinical models aim to predict
hospitalization; all rely on a measure of response to treatment and use
the same criteria across age ranges. This may not reflect a child’s chang-
ing physiology and response to illness as he or she grows older.

This study aimed to find age-specific objective predictors of hos-
pitalization readily known at triage. The goal is to identify rapidly those
who will likely need admission regardless of treatment administered or
response to aggressive treatment in the emergency department (ED).
Methods: Children between 1 and 18 years of age with a final primary
ED International Classification of Diseases, Ninth Revision, diagnosis
of asthma or asthma-related spectrum of disease were studied using
data from the National Hospital Ambulatory Medical Care Survey. The
primary outcome was hospital admission (observation unit, ward, moni-
tored, or pediatric intensive care unit).

Triage vital signs, mode of arrival, recent visits, emergency severity
index score, as well as demographic and socioeconomic factors were
incorporated into age-specific forward-selection multiple logistic re-
gression models.
Results: In 2,454,983 ED visits for asthma or reactive airway disease
among children 1 to 18 years of age, patterns of vital sign predictors
for admission varied by age group. Across all ages, diastolic hypoten-
sion at triage was an early, consistent, independent predictor of admis-
sion, especially in 1- to 3-year-olds (odds ratio, 6.27; 95% confidence
interval, 6.01Y6.54) and 3- to 6-year-olds (odds ratio, 17.95; 95% con-
fidence interval, 16.80Y19.17).
Conclusions: Age-specific assessment is important in the evaluation
of acute asthma or reactive airway exacerbation. Diastolic hypotension
may serve as an early warning indicator of severity of disease and
need for hospitalization. Variability by age group in vital sign predic-
tor for admission calls for further development or refinement of age-
specific asthma assessment tools.
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C linicians are challenged daily with the accurate assessment
of children experiencing acute exacerbations of asthma or

reactive airway disease. Children present with varied baseline
symptoms, tempo of progression of symptoms, recent treat-
ment administered, comorbidities, and other environmental and
resource backgrounds. Rapid identification of those at risk for
deterioration or needing continuous treatment is the goal of most

asthma severity scores.1Y3 Many in part rely on clinical features
that may suffer from poor interrelater reliability4 or simply from
the practical notion that there is a natural lag in time between
initial triage and assessment by the treating clinician.

Commonly used scoring systems such as the Pediatric
Asthma Severity Score, Pulmonary Index, Pediatric Respiratory
Assessment Score, Pulmonary Score, and the RAD score (re-
spiratory rate; accessory muscle use; decreased breath sounds)
assess severity of symptoms and response to treatment, not
necessarily need for admission.5Y11 Other clinical models aim to
predict hospitalization, focusing on response to treatment.12,13

All previously constructed and studied modelsVin the interest
of ease of useVuse the same criteria across age ranges.5Y13

This runs contrary to the inherent age-related changes children
experience in their respiratory and cardiovascular physiology
and response to illness.14

Objective measurements and information readily available
at first contact in triage include vital signs, mode of arrival, and
historical information such as recent care or hospitalization.
Although sources differ slightly in the exact range of normal
pediatric vital signs, major pediatric texts and courses such as
Pediatric Advanced Life Support, Advanced Pediatric Life Sup-
port, Pediatric Education for Prehospital Professionals, and Emer-
gency Nursing Pediatric Course reflect consensus standards
(Table 1).15Y18

This study aimed to find objective, age-specific predictors
of hospitalization readily known at triage. The goal was to iden-
tify rapidly those who will likely need admission regardless of
treatment administered or response to aggressive treatment in the
emergency department (ED).

METHODS
The protocol for the conduct of this study was approved by

the institutional review board at the University of California at
Davis and was granted exemption from review.

Study Subjects and Setting
Eligible children were between 1 and 18 years of age seen

in an ED in the United States with an ED primary diagnosis
of asthma or asthma-related spectrum of disease (International
Statistical Classification of Diseases, Ninth Revision, Clinical
Modification, diagnosis codes 493.00Y493.92), which captures
reactive airway disease. Infants younger than 1 year were ex-
cluded owing to the uncertainty of asthma or reactive airway
disease as a diagnosis. This method and coding scheme spe-
cifically exclude bronchiolitis and croup.

The population studied was based on ED visits from 2007
to 2009 in the National Hospital Ambulatory Medical Care
Survey (NHAMCS). National Hospital AmbulatoryMedical Care
Survey is a national, representative, 4-stage probability sample
of visits to US EDs.19 The time frame was chosen because
2007 was the first year to include all vital signs in triage (heart
rate, respiratory rate, blood pressure, temperature, and pulse
oximetry); 2009 is the most recent year for which data were
available. This period includes 3 years of patient visits as
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TABLE 2. Triage Characteristics of Children Presenting With Acute Asthma (n = 2,454,983)

1Y3 y 3Y6 y

Discharged
(n = 550,542)

Admitted
(n = 41,402)

Discharged
(n = 462,025)

Admitted
(n = 31,264)

n % n % n % n %

Triage vital signs

Tachycardia 465,915 84.6 38,127 92.1 349,312 75.6 31,264 100.0

Systolic hypotension 361,000 65.6 30,104 72.7 268,312 58.1 16,101 54.5

Diastolic hypotension 382,446 69.5 37,231 89.9 265,740 57.5 20,229 64.7

Tachypnea 293,643 53.3 24,426 59.0 251,744 54.5 30,945 99.0

Hypothermia or fever 82,997 15.1 10,668 25.8 42,233 9.1 319 1.0

Hypoxemia 222,478 40.4 12,372 29.9 159,513 34.5 7,470 23.9

Arrival by EMS

Yes 360,912 65.6 33,354 80.6 5,052 2.9 26,199 80.3

No 189,630 34.4 8,048 19.4 153,597 88.9 5,065 16.2

Unknown 0 0.0 0 0.0 0 0.0 0 0.0

Blank 0 0.0 0 0.0 14,064 8.1 0 0.0

Male sex 404,256 73.4 28,890 69.8 310,465 67.2 25,110 80.3

ESI triage level*

Level 1: immediate 12,424 3.4 0 0.0 7,769 2.7 0 0.0

Level 2: 1Y14 min 53,056 14.70 0 0.0 41,805 14.5 2,857 10.9

Level 3: 15Y60 min 133,093 36.9 26,257 78.7 135,627 46.9 23,023 87.9

Level 4: 91Y2 h 50,004 13.9 1,865 5.6 55,175 19.1 0 0.0

Level 5: 92Y24 h 16,196 4.49 1,167 3.5 0 0.0 0 0.0

Unknown 95,817 26.6 4,065 12.2 46,732 16.2 319 1.2

No triage 322 0.1 0 0.0 2,204 0.8 0 0.0

Seen in same ED in the last 72 h

Yes 6,614 1.2 0 0.0 6,406 1.4 0 0.0

No 427,834 77.7 33,725 81.5 357,062 19.0 25,918 82.9

Unknown 103,137 18.7 7,677 18.5 87,975 19.0 5,346 17.1

Blank 12,957 2.4 0 0.0 10,582 2.3 0 0.0

Discharged from any hospital within 7 days

Yes 952 0.2 0 0.0 5,192 1.1 0 0.0

No 309,186 56.2 13,051 31.5 254,903 55.2 8,865 28.4

Unknown 227,447 41.3 28,351 68.5 191,348 41.4 22,399 71.6

Blank 12,957 2.4 0 0.0 10,582 2.3 0 0.0

Insurance status/expected source of payment

Private insurance 195,215 35.5 7,461 18.0 206,104 44.6 11,208 35.9

Medicaid 221,298 40.2 29,026 70.1 195,172 42.2 20,299 64.9

Medicare 10,679 1.9 0 0.0 10,679 2.3 0 0.0

Self-pay 70,671 12.8 2,931 7.1 27,433 6.2 38 0.1

Other payment 19,550 3.6 0 0.0 0 0.0 0 0.0

No charge 11,399 2.1 1,167 2.8 0 0.0 0 0.0

Unknown source of payment 55,526 10.1 3,746 9.1 0 0.0 0 0.0

Any ancillary testing done 0 0.0 30,000 72.5 206,336 44.7 0 0.0

Total visits in this category 550,542 93.0 41,402 7.0 462,025 93.7 31,264 6.3

*NHAMCS-defined time goals for ESI levels.

TABLE 1. Normal Pediatric Vital Signs as Applied to the Study Population

Age
Heart Rate,

beats per minute*
Blood Pressure,

mm Hg*
Respiratory Rate,

breaths per minute*
Temperature,

-F†
Pulse Oximetry,

%†

1Y3 y 70Y110 90Y105/55Y70 20Y30 96Y100.4 95Y100
3Y6 y 65Y110 95Y110/60Y75 20Y25 96Y100.4 95Y100
6Y12 y 60Y95 100Y120/60Y75 14Y22 96Y100.4 95Y100
12 y and older 55Y85 110Y135/65Y85 12Y18 96Y100.4 95Y100

*Modified from Mathers and Frankel.16
†Modified from Gilboy et al.15
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recommended by NHAMCS to ensure reliability and stability
of the estimation procedures.19Y22

Measurements and Analysis
The primary outcomeVadmission to the hospitalVincluded

those patients admitted directly to a hospital bed (ward, moni-
tored, or pediatric intensive care) or to an observation unit.

Predictor variables were chosen based on clinical relevance,
literature support, and availability at triage. Triage vital signs,
mode of arrival, recent medical attention or admission for
asthma-related conditions, emergency severity index (ESI) score,
and demographic and socioeconomic factors (eg, sex, insurance
status, access to care) underwent univariate analysis. Candidate

predictors with a P value of 0.15 or less in univariate analysis
were considered for entry into the prediction model. Predictors
were incorporated into an investigator-built forward-selection
multiple logistic regression model with a manual stay criterion of
P G 0.05.

It was not the objective of this study to find a stand-alone
model to replace thorough clinical assessment to predict hos-
pitalization based solely on triage findings; nevertheless, in the
interest of a robust approach, a hierarchically well-formulated
model23,24 was constructed for each age group. The goal of the
hierarchically well-formulated model was to control simulta-
neously for all available triage parameters, to generate adjusted
odds ratios for admission, that is, to find early, independent,

6Y12 y 12Y18 y

Discharged
(n = 806,273)

Admitted
(n = 76,426)

Discharged
(n = 416,407)

Admitted
(n = 70,644)

n % n % n % n %

613,183 76.1 49,843 65.2 313,255 24.8 69,823 98.8

277,506 34.4 34,168 44.7 82355 19.8 12,520 17.7

330,476 41.0 37,912 49.6 117,116 28.1 21,456 30.4

368,138 45.7 42,752 55.9 285,678 68.6 60,066 85.0

124,783 15.5 26,974 35.3 20,260 4.9 14,652 20.7

272,377 33.8 27,362 35.8 81,744 19.6 30,343 43.0

22,888 6.7 3,744 9.9 271,866 65.3 63,808 90.3
292,018 84.9 19,755 52.1 144,541 34.7 6,836 9.7

23,934 7.0 14,398 38.0 0 0.0 0 0.0

5,038 1.5 0 0.0 0 0.0 0 0.0

568,055 70.5 64,271 84.1 182,472 43.8 52,015 73.6

14,958 3.2 3,776 9.8 18,341 6.8 0 0.0

123,923 26.8 1,473 3.8 62,308 22.9 17,786 27.9

138,131 29.9 11,735 30.5 104,735 38.5 30,531 47.9

98,156 21.2 5,531 14.4 27,431 10.1 7,698 12.1

7,054 1.5 3,950 10.3 16,694 6.1 0 3.4

80,173 17.3 5,870 15.2 41,250 15.2 7,793 12.2

0 0.0 6,194 16.1 1,107 0.4 0 0.0

24,520 3.0 3,744 4.9 3,903 0.9 0 0.0

573,467 71.1 51,280 67.1 288,334 69.2 47,352 67.0

195,442 24.2 21,402 28.0 121,272 29.1 23,292 33.0

12,844 1.6 0 0.0 2,898 0.7 0 0.0

12,094 1.5 3,776 4.9 7,140 1.7 0 0.0

392,613 48.7 47,561 62.2 204,836 49.2 24,655 34.9

388,722 48.2 25,089 32.8 199,208 47.8 45,989 65.1

12,844 1.6 0 0.0 5223 1.3 0 0.0

265,558 32.9 26,160 34.2 170,756 41.0 27,064 38.3

372,438 46.2 19,705 25.8 165,467 39.7 30,831 43.6

839 0.1 0 0.0 0 0.0 0 0.0

145,084 18.0 3,776 4.9 61,212 14.7 6,836 9.7

7,042 0.9 0 0.0 5,277 1.3 0 0.0

4,741 0.6 0 0.0 7,645 1.8 0 0.0

64,017 7.9 29,406 38.5 19,211 4.6 2,167 3.1

343,935 42.7 72,650 95.1 208,628 50.1 48,429 68.6

806,273 91.3 76,426 8.7 416,407 85.5 70,644 14.5
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objective predictors of admission. Analyses were conducted
using SAS software version 9.3 (SAS Institute Inc, Cary, NC).

Each age range was considered separately, and a separate
model was built for each. In every age range, vital signs were
considered main effects, and other triage parameters were
assessed as covariates. Each vital sign (heart rate, systolic blood
pressure, diastolic blood pressure, respiratory rate, pulse oxim-
etry, and temperature) was dichotomized into normal or abnor-
mal, based on age-specific standards (Table 1). Because these
models were the predictors of interest, a 2-tiered approach to
model building was made. Tier 1 included all vital signs added
simultaneously to the model. All combinations of vital signs
were assessed for 2-way interactions (eg, fever and pulse rate,
fever and tachypnea, etc).

The second tier of the model-building process started with
the predictors in the first-tier model and added the next likely
important covariate (arrival by emergency medical services, so-
cioeconomic markers, resource use parameters, and sex) one at
a time in a manual forward selection. The predefined process
was as follows: if the deviance, D (j2 log likelihood), changed
significantly with the addition of the candidate covariate and its
corresponding A-coefficient was significant, the covariate was
included in the model; if not (ie, if the addition of that covariate
did not affect the fit), it was excluded in a backward deselection.
The ultimate goal was to minimize D in the final model in each
group; each age-specific model was then assessed with the
Hosmer-Lemeshow goodness-of-fit test. The final age-specific
models provided adjusted odds ratios (ORs) for admission for
each vital sign at triage.

RESULTS
Years 2007 to 2009 in NHAMCS represent 2,454,983 ED

visits for asthma or reactive airways disease in children aged
1 to 18 years. Overall, there were 219,736 hospital admissions
(9.0 %) and 2,235,247 were discharged home (91.0%). Admis-
sion rates by age group ranged from 6.3% to 14.5% (Table 2). In
each age group, simple descriptive statistics (Table 3) demon-
strate overlap in the mean values of vital signs for discharged
versus admitted children.

In contrast, multiple logistic regression models reveal dis-
tinct vital sign predictors for admission that vary by age group
(Table 4). Across age ranges, the vital signs in triage most pre-
dictive of admission included diastolic hypotension and tachy-
cardia (Table 4). Abnormal respiratory rate was highly variable
by age as a predictor for admission. Abnormal pulse oximetry
in triage was an unreliable predictor of admission across age
ranges. Tachycardia was found to display a trend of increas-
ing importance in admission with increasing age. Patterns of

strength of OR and combination of abnormalities also vary by
age group (Fig. 1).

Diastolic hypotension in triage was a consistently reliable
independent predictor of admission across all age ranges; it was
especially predictive in patients 6 years or younger.

DISCUSSION
Early recognition of severity of disease is a primary goal in

acute care and emergency medicine. In the pediatric population,
this is markedly important for 2 reasons: (1) children compen-
sate well to physiologic stress until they experience an often
abrupt (and at times unexpected) deterioration and (2) they do
not tolerate insufficient oxygenation. Although many asthma
scores do well to balance objective findings with subjective clin-
ical features, the general focus is on progression or improvement
of symptoms. This study aimed to identify early objective find-
ings that are independently predictive of admission, regardless
of the treatment rendered.

Assessment of an acute asthma exacerbation has 2 com-
ponents as follows: the static (or initial) assessment to deter-
mine the severity of the presentation and dynamic assessments
to follow response to treatment.25 Although symptoms and his-
tory may be helpful in the initial assessment, it is important to
note that a significant portion of asthmatics have a poor per-
ception of dyspnea. These patients are at a significantly higher
risk of hospitalization, near-fatal asthma exacerbations, and
death.25,26 Furthermore, a child’s symptoms are often obtained
through a third-party filterVthe caregiver. The child may be too
young, frightened, or disabled to answer questions, especially
on initial presentation.27,28 Objective and reproducible assess-
ments help to fill this gap.28

Accordingly, when following a child’s response to treat-
ment and making a disposition decision, it is important to
consider the patient’s initial presentation.25 The child may be
improving on objective measures and appearing better while
undergoing aggressive ED management, but the underlying
disease that brought him to the ED will for the most part con-
tinue when he or she is at home. Since the inflammatory cas-
cade and bronchospasm will persist1 (albeit now ameliorated
with ED treatment), the child’s disease state after disposition
(either at home or in hospital) will be likely somewhere between
his static (initial) assessment and his final (at disposition) dy-
namic assessment. Objective documentation of disease severity on
presentation can be a powerful tool in an informed disposition
decision, especially when used as a complement to the previously
mentioned and established scoring systems.

This study found certain triage vital signs that, if abnormal,
independently predicted admission for asthma or reactive

TABLE 3. Triage Vital Signs in Subsequently Discharged and Admitted Patients Presenting With Acute Asthma

1Y3 y 3Y6 y

Discharged Admitted Discharged Admitted

Triage vital signs Mean
95% CI
for Mean Mean

95% CI
for Mean Mean

95% CI
for Mean Mean

95% CI
for Mean

Heart rate, beats per minute 139 134.9Y142.4 140 130.9Y148.8 128 124.1Y131.8 138 127.4Y148.9
Systolic blood pressure, mm Hg 109 104.1Y113.6 101 92.8Y110.0 110 106.2Y112.9 104 97.5Y110.5
Diastolic blood pressure, mm Hg 67 63.1Y71.2 57 41.3Y71.9 67 64.7Y70.2 63 49.5Y75.7
Respirations per minute 35 32.7Y37.0 39 30.6Y46.6 28 27.1Y29.9 41 32.5Y48.5
Temperature, -F 99.1 98.80Y99.31 99.7 98.84Y100.6 98.7 98.51Y98.90 98.8 98.40Y110.51
Pulse oximetry, % 97 96.4Y97.4 96 94.8Y97.5 96 94.0Y97.6 93 85.2Y100.0
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airway disease. Most notable was the finding that diastolic hy-
potension in triage is a strong predictor of admission for asthma.
Diastolic hypotension in asthma may be an indicator of one or
both of the following: (a) widened pulse pressure16,29 or (b) a
marker for recent substantial albuterol use.30,31

Given the first explanation, diastolic hypotension in tri-
age could serve as a warning to the clinician to search for al-
ternative and potentially life-threatening concomitant causes of
widened pulse pressure, such as anemia, dehydration, heart dis-
ease (congenital or acquired), and sepsis.16 Noting the triage di-
astolic blood pressure may serve as a clinical ‘‘second chance’’

to identify children who may have an unrecognized significant
comorbidity and thus affect the appropriateness of outpatient
management. This is especially compelling owing to the com-
mon nature of asthma exacerbation in the ED and the tendency
to anchor prematurely to a conventional diagnosis, treatment
plan, and disposition.30,31

Diastolic hypotension in asthma exacerbation may be simply
a marker of disease severity. Sicker children will likely have
tried medication at home before arriving to the ED. Large doses
of albuterol have been shown to cause diastolic hypotension
in children.32,33 This finding highlights the importance of

6Y12 y 12Y18 y

Discharged Admitted Discharged Admitted

Mean
95% CI
for Mean Mean

95% CI
for Mean Mean

95% CI
for Mean Mean

95% CI
for Mean

111 107.7Y114.5 119 101.2Y135.9 101 100.0Y104.4 105 95.9Y113.7
115 113.0Y117.4 119 108.8Y128.8 125 122.1Y128.4 126 115.2Y136.5
69 67.5Y71.1 64 56.5Y71.5 75 72.8Y77.8 70 63.0Y77.0
24 23.2Y25.2 27 23.7Y30.5 22 20.5Y22.9 22 20.0Y23.9
98.7 98.46Y98.86 98.9 98.11Y99.60 98.4 98.21Y98.62 98.6 98.00Y99.16
96 95.3Y96.7 95 92.1Y97.4 97 95.6Y97.7 96 94.3Y98.4

TABLE 4. Odds* of Admission by Abnormal Vital Sign and Age of Children Presenting With Acute Asthma

1Y3 y† 3Y6 y‡ 6Y12 y§ 12Y18 y||

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Main effects
Tachycardia 2.40 2.31Y2.50 # # 0.57 0.56Y0.58 20.33 18.91Y21.86
Systolic hypotension 0.47 0.45Y0.48 0.43 0.41Y0.44 1.66 1.61Y1.72 0.59 0.57Y0.61
Diastolic hypotension 6.27 6.01Y6.54 17.95 16.80Y19.17 1.10 1.06Y1.13 1.29 1.26Y1.32
Tachypnea 1.04 1.02Y1.06 47.30 42.32Y52.86 2.48 2.43Y2.52 0.74 0.72Y0.76
Hypothermia or fever 2.06 2.01Y2.12 0.14 0.12Y0.16 3.73 3.66Y3.79 6.84 6.60Y7.08
Hypoxemia 0.77 0.76Y0.79 0.14 0.13Y0.15 0.84 0.83Y0.86 1.10 1.08Y1.13

Covariates
Male sex 1.42 1.38Y1.45 ¶ ¶ 1.94 1.90Y1.98 4.50 4.41Y4.60
Resource use parameters

Arrival by EMS 2.05 2.00Y2.11 ¶ ¶ # # 7.02 6.82Y7.24
ESI Level 1 or 2 # # ¶ ¶ 1.02 1.00Y1.04 # #

Seen in last 72 h ** ** ** ** # # # #

Discharged G7 d before ** ** ** ** # # ** **
Insurance status

Private insurance 0.87 0.84Y0.90 # # 0.64 0.63Y0.65 2.48 2.41Y2.55
Medicaid 3.30 3.20Y3.40 # # 0.29 0.29Y0.30 2.12 2.07Y2.18
Medicare ** ** ** ** ¶ ¶ ** **
Self-pay 1.26 1.20Y1.31 ¶ ¶ # # # #

*Adjusted OR values were generated by the simultaneous entry of covariates in age-specific logistic regression models (A, B, C, D).
†Hosmer-Lemeshow goodness-of-fit test W2 = 13.8, P = 0.09, which indicates statistically significant ‘‘fit’’ (event = admission).
‡Hosmer-Lemeshow goodness-of-fit test W2 = 4551.40, df = 8, P G 0.0001, which indicates statistically nonsignificant ‘‘fit’’ (event=admission).
§Hosmer-Lemeshow goodness-of-fit test W2 = 12.38, df = 8, P G 0.14, which indicates statistically significant ‘‘fit’’ (event = admission).
||Hosmer-Lemeshow goodness-of-fit test W2 = 6.04, df = 8, P = 0.64, which indicates statistically significant ‘‘fit’’ (event = admission).
¶Exclusion from the model owing to univariate nonsignificance.
#Exclusion from the model owing to final model nonsignificance.

**Insufficient response or cell number to generate reliable population-based estimate.
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recognizing subtle (but readily detectable) hemodynamic
changes when the child on maximal outpatient therapy presents
to the ED with persistent or worsening symptoms. Furthermore,
this suggests the need to elicit a detailed history to quantify
bronchodilator use before arrival to the ED.

This study demonstrates the need for an age-specific con-
text for the evaluation of children who present with acute
asthma exacerbation. Owing to children’s changing physiology
with age, evaluation of ‘‘what is normal’’ can be a challenge for
the average care provider. The all-comer environment of the ED
adds layers of complexity to the child’s evaluation because the
provider attempts to account for varying development (or in
some cases delay), comorbidities, socioeconomic backgrounds,
access to care, previous recent treatment, and patient-specific
response to treatment, among other known and unknown clini-
cal variables. Although this study does not offer a perfect pre-
diction model for children with acute asthma exacerbation, it
highlights the further need for developing age-specific assess-
ment tools.

Limitations
This study has 2 main limitations as follows: the retro-

spective nature of the analysis and the exclusive use of objec-
tive findings. In this retrospective analysis, we must recognize

the inherent endogeneity of the information used in the deci-
sion to admit or discharge a given patient. That is, the treating
provider would have been aware of the triage vital signs, which
could have influenced treatment, which in turn could affect our
study’s outcome of interest, admission. Objective vital signs alone
clearly do not fully encapsulate the patient’s clinical condition
or course. These limitations not only are linked to each other
but also serve to demonstrate the study’s intention. Although
asthma is common, pediatric morbidity is relatively uncommon;
a prospective design with an objective study protocol could not
match the large number of exacerbations observed in this sur-
vey (2,454,983 visits).

Asthma scores combining objective and subjective find-
ings have proven to be successful in assessing severity of
disease.5Y11 However, the specific goal of this study was to find
certain objective predictors for admission that purposely do not
rely on experience or judgment. The thrust behind this approach
is 3-fold: (a) some community settings may have less exper-
tise in treating children,34Y36 (b) the treating clinician may not
be available to assess the patient until later in the ED course,37

and (c) these objective findings are independent of treatment
renderedVthey formalize and serve as a ready reminder of the
patient’s static (initial) assessment.25 Identifying patients at risk
for deterioration is a vital aspect of emergency care; in the

FIGURE 1. Comparison of ORs for admission by age in children presenting with acute asthma.
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current economic context of increasing ED visits with a con-
current decrease in EDs,38 the case for fast, early, objective
identification of patients at risk for needing hospitalization for
asthma becomes more salient.

Our method of deeming a given vital sign ‘‘abnormal’’ if
out of the normal range bears comment.We recognize that sources
will vary (to a small degree) as to the exact range of normal for
each age group; for this reason, we chose a major pediatric text’s
range16 as a commonly agreed-upon standard. Children’s vital
signs in triage may be affected by anxiety related to the parent or
caregiver, the environment, or the care provider.17,18 The range of
normal is derived from a population of children who are not
acutely ill or injured: it captures only those who are truly normal
(maximizes true-positive findings for normal, minimizes false-
negative findings for normal). In this light, our estimates may be
considered conservative.

CONCLUSIONS
In summary, this study shows the importance of age-

specific assessment in the evaluation of acute asthma or reac-
tive airway exacerbation. Incorporation of the static (initial)
assessment in asthma severity scores may augment their accu-
racy and aid the clinician to determine need for admission.
Most notably, diastolic blood pressure was found to be an early,
consistent, independent predictor of admission in children who
present to the ED with an acute asthma or reactive airway exac-
erbation. These early predictors may have potential implica-
tions for hospital-based quality improvement, resource use, and
throughput benchmarks. In addition, variability by age group in
vital sign predictor for admission calls for further development or
refinement of age-specific asthma assessment tools.
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