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Background:Assessment of acute asthma severity in the emergency department (ED)determines the appropriate
initial therapy. The aim of this studywas to evaluate the usefulness of heart and respiratory rates as determinants
of severity of asthma exacerbations.
Methods: It was a pooled analysis of individual patient data fromdifferent controlled clinical trials performed over
a 9-year period. The sample was characterized by patients with a diagnosis of asthma, age 18 to 50 years, and a
forced expiratory volume in the first second (FEV1) or a peak expiratory flow less than or equal to 50% of predict-
ed at ED presentation.
Results: One thousand one hundred ninety-two severe acute asthmatics (age 33.9 ± 10.3 years and FEV1 =
27.4% ± 9.7%) were enrolled. Two-thirds of patients were categorized as having severe acute asthma (FEV1,
31%-50% of predicted) and the remaining third as life-threatening asthma (FEV1, ≤30% of predicted). There
were no relationships between the intensity of airway obstruction as measured by the FEV1 and the degree of
tachycardia (r = 0.05, P N .1) or tachypnea (r = 0.06, P N .1). Only 22% and 19% of the patients, respectively,
met the heart rate and respiratory rate requirements for acute severe asthma (≥120/min and ≥25/min, respec-
tively). In contrast to FEV1 and arterial oxygen saturation, baseline heart and respiratory rates did not predict ad-
missions of patients at the end of treatment.
Conclusions: This pooled analysis suggests a poor performance of heart and respiratory rates as determinants of
acute asthma severity in the ED.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

All patients with asthma are at risk for having exacerbations charac-
terized by progressive increases in shortness of breath, cough, wheezing,
chest tightness, along with a decrease in expiratory airflow [1,2]. The se-
verity of exacerbationsmay range frommild to life threatening, and dete-
rioration mostly progresses over hours, days, or weeks. Overall, the
assessment of an asthma exacerbation in the emergency department
(ED) constitutes a process with 2 different steps: firstly, a static assess-
ment to determine the severity of attack and, secondly, a dynamic assess-
ment to evaluate the response to treatment [1-6]. Regarding the first step,
patients should be evaluated quickly because the severity of the exacerba-
tion determines the appropriate initial therapy. Although spirometry is
the primary determinant of severity, different symptoms and signs are
additionally used to categorize asthma exacerbations. [7-9] Hence,

asthma management guidelines include heart and respiratory rates as a
part of the severity evaluation of acute exacerbations. For example, the
Global Initiative for Asthma guidelines [7] establish that tachycardia
(N120/min) and tachypnea (N30/min) are vital signs that characterized
severe exacerbations. In a similar way, a heart rate greater than or
equal to 110/min and a respiratory rate greater than or equal to 25/min
are indicators of severe acute asthma according to the British guideline
on the management of asthma [8]. However, these recommendations
are poorly supported by scientific evidence and have rarely been verified
in clinical practice.

The aim of this study was to evaluate the usefulness of heart and re-
spiratory rates as determinants of severity of acute asthma in the ED set-
ting, through a pooled analysis of individual patient data from a large
cohort of acute asthmatic patients.

2. Methods

2.1. Study population

This was a pooled analysis of individual patient data from different
controlled clinical trials performed over a 9-year period. Patients were
adults with acute asthma who had attended the ED of a tertiary-care
general hospital in Montevideo, Uruguay. The characteristics of the
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cohort and the selection criteria used are described in detail elsewhere
[9-15]. Briefly, the following sample was quite homogeneous: (1) pa-
tients with a diagnosis of asthma according to the guidelines; (2) age
18 to 50 years; (3) a forced expiratory volume in the first second
(FEV1) or a peak expiratory flow (PEF) less than or equal to 50% of pre-
dicted at ED presentation; and (4) absence of history of chronic cough
and cardiac, hepatic, renal, or other medical disease or pregnancy. All
participants gave their informed written consent to participate, and
each study was approved by its respective ethics committee.

2.2. Protocol

All patientswere treatedwith albuterol, 4 puffs at 10-minute intervals
(100mgper actuation), delivered by ametered-dose inhaler and a spacer
device (Volumatic; Allen & Hansburys, Greenford, United Kingdom). In 2
of the studies, patients received also ipratropium bromide [10,13]. In all
studies, exacerbation treatment lasted 3 hours and also included the ad-
ministration of systemic corticosteroids and O2 if arterial oxygen satura-
tion (SaO2) decreased to less than 92%. Aminophylline was excluded in
all studies. Patients from 3 of the studies also received inhaled corticoste-
roids added to albuterol [9,12,14]. At the end of protocol, patients were
discharged from the ED according the following criteria: if accessorymus-
cle use was abated, if wheezing was judged to be minimal or completely
resolved, if patients were free of dyspnea, and if FEV1 or PEF was greater
than or equal to 60% of predicted.

2.3. Variables

The following variables weremeasured in each patient immediately
before starting treatment and at 30-minute intervals for 3 hours after
presentation to the ED: FEV1, PEF, respiratory rate, heart rate, and oxy-
gen saturation by pulse oximetry while breathing room air. Further-
more, an interviewer determined the duration of symptoms before
presentation to the ED, age, sex, and body mass index of each patient.

2.4. Statistical methods

Mean values± SD and 95% confidence intervals (CIs) were calculat-
ed for all continuous variables. Data were compared by 1-way or
repeated-measures analysis of variance (ANOVA). χ2 test with Yates
correction or Fisher exact testwas used for categorical variables. Finally,
logistic regression was used to predict hospitalization from baseline
variables. A P value of less than .05 using a 2-tailed test was taken as
being of significance for all statistical tests. Data were analyzed with
“IBM SPSS Statistics version 20 for Windows (SPSS Inc, Chicago, IL)”.

3. Results

We found 1192 patients fulfilling the data set required for inclusion
in the analysis (Table). The sample presents the typical features of se-
vere acute asthma patients when they presented for care to an ED—on
average, a mean age approximately equal to 30 years old, predominant-
ly female, with a mean level of lung function (FEV1 or PEF) around 30%
of predicted, tachycardia, tachypnea, and a SaO2 greater than or equal to
95%. Two-thirds of patients were categorized as having severe acute
asthma (FEV1, 31%-50% of predicted) and the remaining third as life-
threatening asthma (FEV1, ≤30% of predicted). At baseline, the univari-
ate analysis showed that those patients with severe acute asthma were
predominantly female, had a significantly longer duration of symptoms
before the ED treatment, and, obviously, presented with significantly
higher spirometric values, in comparison with life-threatening asthma
patients (Table). On the contrary, both groups did not differ in heart
and respiratory rates and SaO2. Accordingly, there were no relationships
between the intensity of airway obstruction as measured by FEV1 and
the degree of tachycardia (r = 0.05, P N .1) or tachypnea (r = 0.06, P N

.1). Fig. 1 shows the baseline distribution of heart and respiratory
rates in the sample of patients with acute asthma. They showed an av-
erage of 102.8 ± 17.1 beats per minute (range, 60-160) and 22.0 ±
4.9 breaths per minute (range, 12-36), respectively. Only 22% and 19%
of the patients met the requirements for acute severe asthma (≥120/
min and ≥25/min, respectively).

Table
Characteristics of all patients included stratified by severity of exacerbation (severe vs life threatening)

Measures Total Severe acute asthmab Life-threatening asthmac Difference P

(n = 1192) (n = 748) (n = 444) (95% CI)

At ED presentation
Age, ya 33.9 (10.03) 33.7 (10.5) 34.3 (9.1) 0.6 (−0.5 to 1.7) .31
Female, n (%) 780 (65.4) 436 (55.9) 344 (44.1) −19.2 (−24.3 to 13.8) .0001
BMIa 24.3 (4.8) 24.5 (4.5) 24.1 (4.9) −0.4 (−0.9 to 0.1) .20
Duration of symptoms before ED presentation, ha 30.9 (23.9) 32.3 (24.0) 28.5 (23.7) −3.8 (−6.6 to −0.9) .008
Heart rate/mina 102.8 (17.1) 102.8 (16.7) 102.8 (17.7) 0.0 (−2.0 to 2.0) .99
Respiratory rate/mina 22.0 (4.9) 22.2 (5.3) 21.8 (4.4) −0.4 (−0.9 to 0.1) .49
PEF, % predicteda 33.1 (7.9) 38.0 (5.0) 24.8 (4.0) −13.2 (−13.7 to −12.6) .0001
PEF, L/mina 172.5 (48.4) 200.0 (36.1) 126.1 (25.9) −73.9 (−77.7 to −70.0) .0001
FEV1, % predicteda 27.4 (9.7) 30.2 (9.2) 22.8 (8.7) −7.4 (−8.4 to −6.3) .0001
FEV1, La 0.8 (0.3) 1.0 (0.3) 0.6 (0.2) −0.4 (−0.4 to −0.3) .0001
SaO2,a 95.4 (1.8) 95.4 (1.8) 95.6 (1.8) 0.2 (0.0 to 0.4) .22

At the end of ED treatment
PEF, % predicteda 64.5 (16.2) 67.6 (14.9) 59.3 (16.9) −8.3 (−10.1 to −6.4) .0001
Change from baseline in PEF, L/mina 157.3 (72.5) 151.3 (74.6) 168.7 (76.4) 17.4 (8.5 to 26.2) .0001
FEV1, % predicteda 59.8 (19.1) 61.2 (17.5) 57.6 (21.2) −3.6 (−5.8 to −1.3) .002
Change from baseline in FEV1, La 1.1 (1.2) 1.0 (1.3) 0.7 (0.9) −0.3 (−0.1 to −0.4) .001
Change from baseline in heart rate/mina 3.0 (2.3) 4.5 (3.1) 0.8 (0.5) −3.7 (−3.9. to 3.4) .0001
Change from baseline in respiratory rate/mina −3.0 (2.5) −3.2 (2.4) −2.8 (2.3) 0.4 (0.0 to 0.7) .01
Change from baseline in SaO2a 1.2 (0.9) 0.7 (0.6) 1.8 (1.2) 1.1 (1.0 to 1.2) .0001
Hospital admissions, n (%) 188 (15.8) 104 (13.9) 84 (18.9) −5.0 (−7.0 to −9.0) .02

Abbreviations: BMI, body mass index.
a Mean values ± (1 SD).
b Forced expiratory volume in the first second less than or equal to 50% to greater than 30% of predicted.
c Forced expiratory volume in the first second less than or equal to 30% of predicted.
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