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Abstract
Background: Recent surveys in emergency medicine departments show inadequacies in many aspects of acute asthma management. Objective:

The objective of this study was to evaluate the adherence to management algorithm for acute asthma in the emergency department which focused
on evidence-based treatment steps rather than documentation and patient classification. Methods: A retrospective audit of consecutive adult
patients with acute exacerbations of asthma in the emergency medicine department of a university hospital managed in the context of a clinical
algorithm. Results: We collated information from 344 episodes of acute asthma (94% of total) over a 4-month period. The first-line treatment
was nebulised bronchodilators in 97%, combination of salbutamol and ipratropium bromide in 93% and the combination in recommended
dosages in 87%. Systemic corticosteroid treatment was administered to 82% of patients. A further course of systemic corticosteroid was prescribed
at discharge for 94% of patients. Overall, 93% of patients received some form of systemic corticosteroid treatment. The admission rate was 35.2%,
and was significantly higher in women and the elderly. Of those who were admitted, 46.2% received >3 nebulised treatments and 69% received
intravenous hydrocortisone. Conclusions: In the management of acute asthma, we found excellent compliance with specific treatment steps
based upon clinical evidence. However, adherence to second-line treatment was less satisfactory. Nevertheless, whenever second-line treatment
was complied with, reasonable outcomes were achieved. It may be more appropriate to emphasise evidence-based treatment rather than extensive
documentation.
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Introduction

Attendance at the emergency medicine department (EMD)
for acute exacerbation is an important milestone in the
natural history of patients with asthma. It is an indication
of clinically severe disease, inadequate preventive treatment
and failure of self-medication for acute symptoms. During
an acute exacerbation, the patients are at risk for an
expensive hospital admission and even a fatal outcome.

Thus, every attempt should be made to prevent severe
attacks of acute asthma and EMD attendance by optimising
preventive drug treatment and implementing effective self-
management programmes with written action plans. This
is the corner stone of intervention programmes for asthma.
However, failure of preventive care in asthma is a common
experience. A recent Asthma Insights and Reality in Asia

Pacific survey showed that in Singapore, 31% of asthmatic
patients reported unscheduled urgent or emergency visits
to doctors per year [unpublished data–Asthma Insights and
Reality in Asia Pacific (AIRIAP)]. Half of these episodes
were severe enough to be managed in EMDs.

Many aspects in the current management of acute
asthma recommended by practice guidelines are supported
by clinical evidence.1 However, recent audits of acute
management in many EMDs show inadequacies in adherence
to key steps in guidelines and expert recommendation.2-10

The objective of this study was to evaluate the adherence
with and efficacy of a management algorithm for acute
asthma in the emergency department which focus on
evidence-based treatment steps rather than documentation
and patient classification.
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Methods

An Evidence-based Treatment Algorithm for Acute
Asthma

We designed an evidence-based clinical algorithm for the
management of acute asthma in adult patients in the EMD.
This was based upon a systematic search in the literature
for clinical evidence on the management of acute
spontaneous asthma by using MEDLINE (PUBMED) and
COCHRANE electronic databases using the key words
“acute asthma “ and “randomized” and/or “meta analysis”
dated December 2000. A total of 169 articles were reviewed
out of which 8 were meta analyses on efficacy of
corticosteroids, ipratropium bromide, magnesium sulfate
and aminophylline in acute asthma.11-18 A critical review of
current practice in the EMD by both emergency and
respiratory medicine specialists was then conducted to
decide on how to best apply the clinical evidence in the local
context. It was decided that a multifaceted quality
improvement intervention for acute asthma would be
introduced with the following features (Appendix I):

1. Simple treatment algorithm rather than a complex
clinical pathway

2. Emphasising evidence-based treatment steps rather
than precisely documenting disease severity and
pulmonary function

3. Enhancing second-line therapy to avoid inappropriate
hospital admissions, patient disposition based upon
symptoms and physical signs rather than pulmonary
function testing, and

4. Initiating short and long-term preventive care at the
EMD.

Note that not all treatment options indicated in the
algorithm (Appendix I) are strictly evidence-based. For
example, there was no conclusive evidence for magnesium
or adrenaline as second- or third-line drugs in status
asthmaticus. They were included in the algorithm because
it was meant for practical use by EMD doctors in the “real
world” and we felt that, despite the lack of strong evidence,
it should contain a rapidly escalating intensity in
bronchodilator treatment and thus a broad range of treatment
options. However, these second- and third-line treatments,
intravenous magnesium and adrenaline, were not subjected
to analysis in this report.

The main interventions were (Appendix I):

1. First-line treatment with appropriate doses of combined
nebulised beta agonist (salbutamol) and cholinergic
antagonist (ipratropium bromide).

2. Intravenous hydrocortisone for patients who fail to
respond to initial nebulised treatment.

3. Intravenous magnesium sulphate for patients who fail
to respond to initial nebulised treatment.

4. Early administration of a systemic (either oral or
intravenous) corticosteroid.

5. A course of oral prednisolone for all patients discharged
from the EMD with no tail in the dose.

6. Fast track referral to a specialist clinic for all patients
discharged from the EMD.

Implementation of the Intervention Plan for Acute Asthma

This was carried out in January 2001 with the dissemination
of the algorithm (Appendix I) to residents, fellows and
consultants (total of 25 doctors) and a one-hour briefing
detailing the protocol, treatment steps and disposition of
patients presenting with an asthmatic attack.

Evaluating Performance of the Algorithm for Acute Asthma

We conducted a retrospective analysis of the EMD
electronic records and medical treatment cards of all adult
patients who had an EMD ICD code of asthma (493.9).

Patients

All adult patients (age >14 years) with a discharge ICD
code for asthma (493.9) admitted through the EMD were
included. Following individual chart review, patients who
had diagnoses of chronic obstructive pulmonary disease
(COPD), cardiac asthma, tumour, bronchiectasis or acute
bronchitis were excluded. Patients in whom the clinical
diagnosis of asthma was not made with confidence were
also excluded. Clinical severity was categorised according
to simple rules developed in the EMD for triage and initial
disposition (Appendix II).

Statistical Analysis

Data were analysed using SPSS software. All values
were expressed as mean ± SD and, where appropriate,
confidence intervals. Comparison between 2 groups were
made using Student’s unpaired t-test for parametric data
and χ2 tests for non-parametric data. P values of <0.05
were considered statistically significant.

Results

From February to May 2001, a total of 388 cases of adult
asthmatics were identified from the EMD register. Twenty-
one were excluded from analysis: 9 episodes which were
not asthmatic and 12 which had an uncertain diagnosis. Of
the remaining 367 eligible asthmatic episodes, 23 were
excluded due to incomplete or missing data, leaving 344
asthma episodes for analysis (93.7%).

There was a total of 267 patients out of which 59 (22%)
patients experienced 77 repeat episodes over the study
period. The demographic characteristics of the patients
and their clinical histories are summarised in Table I. The
pulse oximetry was the most common test undertaken in
the EMD (87%) but did not discriminate between patients
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APPENDIX I: ASTHMA CLINICAL ALGORITHM

Patient with asthma

• Cough
• Shortness of breath
• Wheeze

Symptoms
of life-threatening
asthma present?

• Silent chest
• Cyanosis
• Feeble respiratory effort
• Exhaustion, confusion or obtundation
• PEFR<35% of predicted

YES (present)

Drug Therapy

1. Salbutamol (ventolin) nebulised therapy: 1 mL (5 mg) salbutamol with 2 mL ipratropium
bromide & 2 mL saline to make up to 5 mL. (In child, 0.03 mL/kg ventolin diluted in 2 mL
of saline--repeat twice)

2. Oral prednisolone 0.5-1 mg/kg (max 60 mg)

NO
(not present)

Supportive Measures

1. Managed in P1 area with supplemental O2

2. Monitoring: pulse oximetry, vital signs q5-10 min.

3. Intravenous access: 500 mL crystalloid over 3-4 hours

4. Prepared for rapid sequence intubation: have paralysing and sedating drugs readily available

5. Use serial arterial blood gases (ABGs) to detect triad of progressive hypoxaemia, hypercapnia
and acidosis

6. Indications for intubation: persistent hypercarbia, severe hypoxia with PaO2 <60

7. Chest X-rays: patients not responding to initial therapy

Non-responders/partial response

1. PEFR <50% predicted within 60 min:
repeat neb 2-3 times utilising
salbutamol 5 mg or 7.5 mg with 2 mL
ipratropium, 1.5 mL N/S to 5 mL

2. Corticosteroids: hydrocortisone 400-500
mg I/V, 4-6 mg/kg in children

3. I/V Mg SO4 1-2 g slow bolus (20 min)

4. Adrenaline: (use with caution if at all
in elderly patients) 0.3-0.5 mL 1:1000
solutions subcutaneous q 20 min in adults
>45 kg or 0.01 mL/kg (up to 3 mL)
1:1000 solution in adults <45 kg or
children

Consider admission

1. Patient unable to attain PEFR
>50% despite therapy and
observation for 1-2 hours.

2. Previous intubation/intensive care
admission

3. X-ray evidence of pneumothorax
infection

Improvement

1. Check patient and PEFR: (optional
and must also measure height)
baseline and after 2 neb doses.

2. Reassessment: if PEFR >50% and
subjective improvement consider
discharge with early follow-up
within 48 hours (Respiratory
Medicine Clinic).

3. All patients at discharge should
receive oral prednisolone 0.5-1 mg/
kg/day (40 mg max no tail)
for 7-10 days and follow-up.

4. Additional: inhaled steroids
(pulmicort turbohaler 200 mcg bd).

Re-evaluate

OR Terbutaline: (more β2 selective than
adrenaline) 0.25 mL subcutaneous q 20-30
min prn in adults, 0.1 mL/kg in children (up
to 0.25 mL) q 20-30 min in children.
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significantly higher risk of hospital admission. Patients
who came by ambulance also experience a significantly
higher admission rate (60%) than others. In general, the
admission rates and intensity of investigations followed the
triage severity index. However, nearly 90% of patients
were classified as P2 (moderate in severity).

Table III summarises the treatment for asthma
administered in the EMD. Compliance with the first-line
treatment protocol was good for 86.6% of patients receiving
the recommended dose combination of salbutamol,
ipratropium and normal saline for nebulisation. The use of
oral steroids in the EMD and for those that were discharged
home was 64.8% and 94%, respectively. Overall, 94% of
patients received systemic corticosteroid for the treatment
of their acute asthma. Thirty-one per cent of patients (46%
of admissions) received >3 nebulisations compared with
32% receiving intravenous systemic steroids (69% of
admissions).

The average dose of medication was 43.5 mg for oral
prednisolone in the EMD, 37.6 mg for oral prednisolone per
day at discharge and 343.4 mg for intravenous
hydrocortisone.

Discussion

This was a retrospective study based on a review of EMD
case records over a 4-month period. Patients were selected
based on the ICD code and individual charts were reviewed
to exclude patients with either an alternative or uncertain
diagnosis (e.g., first-time attendance for asthma). There
were a few missing or incomplete records with an overall
data capture rate of 94%. Despite the small sample size and
short study period, we feel, however, that our results are
representative of adult patients with acute spontaneous
asthma presenting to the EMD. We did not exclude the
elderly asthmatics and thus, we risk some overlap with
patients who have chronic obstructive pulmonary disease.
We feel that it is appropriate to include elderly patients with
asthma as they represent an important and growing disease
burden group.19,20

In comparison with a recent French national survey of

TABLE II: TRIAGE CLASSIFICATION, INVESTIGATIONS AND
ADMISSION RATES

Triage Admission Chest Arterial
classification radiograph blood gas

(%) (%) (%) (%)

P 1 6 85 90 40
P 2 89 33.3 36.9 2.6
P 3 4 6.7 33.3 0
% of all 344 cases 35.2 40 5

who were discharge and admitted. As our protocol did not
emphasise peak expiratory flow rate (PEFR) measurements,
the PEFRs were monitored in less than one-third of cases
(overall 28%) and patients’ height (necessary to calculate
% predicted PEFR) was almost never documented.

Overall, 121 (35.2%) patients were admitted to the
hospital for further management. These included 34.3% to
the general ward and 0.9% to the intensive care unit. One
patient was discharged from the EMD against doctors’
advice. Table II shows the relationship between patient
categorisation according to triage rules in the EMD
(Appendix II), admission rates and investigations. Older
patients (65 years old or above) (67% versus 29%;
P <0.001) and women (43% versus 27%; P <0.01) had

TABLE III: COMPLIANCE WITH TREATMENT OF ASTHMA IN
THE EMERGENCY MEDICINE DEPARTMENT

% of % of
Steroid treatment all cases discharges

a) A single dose of prednisolone 64.8
b) A course of prednisolone at discharge 94
c) Administration of steroid either as single 94

dose/s and/or a course at discharge

% of % of
2nd line treatment all cases admissions

a) Nebulised bronchodilators >3 times 30.8 46.2
b) Intravenous hydrocortisone 30.2 69

TABLE I: DEMOGRAPHIC AND CLINICAL INFORMATION PRIOR
TO EMERGENCY MEDICINE DEPARTMENT ADMISSION

Age (y)
Mean (SD) 44 (19)
Range 14 to 87

Gender
Male/Female 51%/49%

Ethnic mix
Chinese/Malay/Indian/Others 40%/30%/23%/5.8%

Previous admission 33.7%
Previous need for ICU/ETT 2%/8.1%
Readmissions to EMD over the study period 22.4%
Ambulance 14.5%

ICU/ETT: admission to intensive care/ required endotracheal
intubation

APPENDIX II: TRIAGE CLASSIFICATION OF CLINICAL
SEVERITY IN EMERGENCY MEDICINE
DEPARTMENT

Priority 1 (P1): Symptoms and signs of life-threatening asthma
present: silent chest, cyanosis, feeble expiratory
effort, exhaustion, confusion or obtundation or
PEFR <35% predicted

Priority 3 (P3): Walk-in asthmatics that have minimal signs/
symptoms of asthma

Priority 2 (P2): All other asthmatics not classified as P1 or P3 were
classified as P2



July 2002, Vol. 31 No. 4

423Evidence-based Treatment of Acute Asthma—M Mahadevan et al

EMD asthma treatment,9 our results show higher adherence
rates to evidence-based treatment of asthma in the EMD.
There were high (>90%) compliance rates with regards to
treatment with nebulised salbutamol and ipratropium as
first-line treatment, overall treatment with systemic
corticosteroids and follow-up appointment at the respiratory
clinic.

Most clinical pathways and guidelines on the management
of acute asthma described in the literature tend to emphasise
the documentation of objective evaluation and categorisation
of asthma severity and response to treatment with systematic
clinical examination and physiologic measurements.21 In
contrast, we stressed specific evidence-based treatment
steps rather than extensive documentation of disease
severity. These treatment steps include nebulised
combination of salbutamol and ipratropium plus the early
use of systemic corticosteroids (either oral, inhaled or iv)
in the EMD. Both of these interventions have shown to
improve pulmonary function in the EMD and reduce
admission rates.12-16 It has also been well established that a
short course of corticosteroids at release from EMD will
reduce early asthma relapse.

The importance of systemic corticosteroid treatment in
acute asthma is further highlighted in a case control study
from the state of Victoria in Australia, which showed that
systemic corticosteroid use reduced the risk of death
during an acute exacerbation by 90%.22 Overall, 94% of
patients in our study received systemic corticosteroid
treatment for their acute exacerbation in the EMD. We feel
that this is more appropriate than the 60% reported by
Salmeron et al9 from France and 59% by Reid et al7 from
Canada. Failure to use systemic corticosteroids in the
treatment of acute severe asthma may be viewed as a
serious error.10

The efficacy of combining inhaled, short-acting beta-
agonist with anti-cholinergic therapy in improving
pulmonary function and reducing hospital admissions for
asthmatic presenting to the EMD have been documented
recently in several meta and systematic analyses.14-16 Because
initial results from controlled studies were conflicting and
since the clinical evidence is rather new, there is wide
variation of 5% to 80% use of combination treatment in
EMDs reported by Salmeron et al.9 In that study, 92% of
patients received a combination of inhaled, short-acting
beta-agonist with anti-cholinergic as first-line therapy.

In contrast with initial (first-line) treatment for acute
asthma in the EMD, the optimal treatment for patients who
fail to respond to first-line treatment is more uncertain.
These are high-risk patients who have status asthmaticus.
The majority of them will require hospital admission, some
to the intensive care. As this was not a prospective study
and we did not define initial treatment failure with any
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