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Introduction

Acute severe asthma is one of the most common causes
of visits to hospital emergency departments worldwide
and accounts for the greater part of the economic and
healthcare burden of the disease.'

Failure to appreciate the severity, inadequate emer-
gency treatment, and delay in referral may lead to
increased mortality and morbidity.> Asthma is the most
common respiratory emergency in clinical practice®*
and is usually a failure of long-term control therapy.
Several guidelines have been written for the manage-
ment of acute severe asthma, however these guidelines
may not have taken into consideration resource-poor
areas like sub-Saharan Africa. There is a need for these
guidelines to be reviewed and adapted for use in these
regions of the world.

Definition

Asthma is best described as a chronic inflammatory
disorder of the airways, characterised by episodic dys-
pnoea, cough, wheezing, and chest tightness. It is as-
sociated with hyper-responsiveness of the airways to a
variety of environmental stimuli that may resolve either
spontaneously or with treatment.> Acute severe asthma
is an asthmatic exacerbation characterised by persistent
dyspnoea that is not relieved by the usual standard
therapy with bronchodilators within 30 mins to 1 hour.
It also describes a clinical pattern of acute asthmatic at-
tack thatis severe enough to persist, despite the patient’s
optimum use of his/her conventional medication. It is
synonymous with, and haslargely replaced, the old term
status asthmaticus.

Epidemiology

Asthma is one of the most common chronic diseases
worldwide affecting 300 million people and is thus esti-
mated torise to400 million by 2025. The global prevalence
ranges from 1 to 18% in different population groups.
Annual worldwide death is put at 250000, mostly due
to preventable causes.® In Nigeria, Elegbeleye reported
a mortality rate of 6% in Lagos University Teaching
Hospital over a 9-year period (1965-1974).” Erhabor
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and Adigun also reported a mortality rate of 4.9% at the
Obafemi Awolowo University Teaching Hospital, Ile-Ife
over a 10-year period.®

There were approximately 1300 deaths from asthma
in the UK in 2005. An estimated 75% of admissions for
asthma are avoidable and as many as 90% of the deaths
from asthma are thought preventable. Most deaths oc-
curred before admission to hospital.” Deaths from asthma
areincreasingin the United States, 10vvith asthma-related
deaths in the Chicago area increasing from 45 annually
in 1979 to 120 annually in 1996.

Death from asthma has been attributed to several
causes including:
poor access to heathcare services;
late presentation to the emergency department;
previous intensive care unit (ICU) admission;
underuse of steroids;
poor perception of asthma symptoms by patients;
psychosocial factors;
* presence of co-morbid conditions such as cardiac

disease.

Pathogenesis

The clinical expression of asthma is due to four main

pathogenetic mechanisms:

* bronchospasm;

* airway hyper-responsiveness to a wide range of com-
mon allergens;'!

* smooth muscle hypertrophy;

* excessive mucous secretion and airway oedema.

The exact cause of these airway changes is not com-
pletely understood. However, interaction between
genetic and environmental factors is thought to play a
central role. The physiological and clinical features of
asthma derive from an interaction among the resident
and infiltrating inflammatory cells in the airway surface
epithelium, inflammatory mediators, and cytokines. The
cells thought to play an important part in the inflamma-
tory response are mast cells, eosinophils, !> lymphocytes,
and airway epithelial cells, neutrophils, macrophages, etc.
(see Table 1). Each of the major cell types can contribute
mediators and cytokines toirritate and amplify bothacute
inflammation and long-term pathologic changes.

The mediators released produce an intense immediate
inflammatory response producing the reactions men-
tioned above. There is production of thick, tenacions
mucuos plugs containing fibrin and eosinophils, which
sometimes obstruct the airways due to impaired muco-
ciliary transport.'®

Physiological response
The resultant effect of the above mechanisms in an acute
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Table 1 Main characteristics of patients with acute asthma with slow or sudden evolution'

Type 1, slow progression

Type 2, sudden progression

Slow-onset acute asthma

Progressive deterioration >6 h (usually days or weeks)
80-90% of patients presenting to an emergency department
Female predominance

More likely to be triggered by URTI

Less severe obstruction at presentation
Slow response to treatment and higher hospital admission,
airway inflammation mechanism

Sudden-onset asphyxic, brittle hyperacute asthma

Rapid deterioration <5h

10—-20% of patients presenting to an emergency department

Male predominance

More likely to be triggered by respiratory allergens, exercise,
psychosocial stress

More severe obstruction at presentation

Rapid response to treatment and lower hospital admission,
bronchospasm mechanism of deterioration

setting include:

* anincrease in airway expiratory resistance;

* an increase in expiratory time and high volumes of
functional residual capacity (FRC);

* increased total lung capacity (TLC) and residual vol-
ume (RV);

* decreased FEV' (forced expiratory volumein1second)
and peak expiratory flow.

Dynamic hyperinflation also occurs as a result of gas
trapped in the lungs. In very severe asthma, FEV' may
be reduced to about 33% of its predicted value and the
RV increased to about400% of normal. Airway resistance
and compliance are also increased.

These physiological changes resultin breathing becom-
ing more laboured - more marked in inspiration. This
produces large swings of intrathoracic pressure of up to
50cmHg during inspiration.'

Alteration in blood gases
Hypoxia is usually found in acute severe asthma. It is
caused by ventilation-perfusioninequality resulting from
continued perfusion of lung segments in which ventila-
tion is reduced because of severe bronchoconstriction.
The diaphragm is also mechanically disadvantaged
by hyperinflation of the lungs. During the early phase
of an attack, compensatory hyperventilation results
in hypocapnia and respiratory alkalosis. With further
narrowing, however, the arterial carbon dioxide ap-
proaches normal or may increase. An increasing arterial
partial pressure of carbon dioxide in a patient with acute
asthmatic attack indicates severe obstruction and respi-
ratory acidosis leading to respiratory failure, at which
stage urgent intensive care management is required to
prevent death.'

Evolution of acute severe asthma and
triggers
There are two different pathogenic scenarios involved in
the asthma attack progression.'® When airway inflam-
mation is predominant, the patient shows a progres-
sive (over many hours, days, or even weeks) clinical
and functional deterioration (type 1/slow-onset acute
asthma) (see Table 1).

Upperrespiratory tractinfections (URTIs) are frequent
triggers and these patients exhibit a slow therapeutic
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response. In addition, they may have allergic inflamma-
tion with eosinophils in the airway. In the less common
asthma progressionscenario, bronchospasmis predomi-
nant and patients present with a sudden-onset asthma
attack (type 2 or asphyxic or hyperacute asthma), char-
acterised by rapid development of airway obstruction
(<3-6hafter the onset of theattack). Respiratory allergens,
exercise, and psychosocial stress are the most frequent
triggers. Surprisingly, these patients show more rapid
and complete response to treatment. Finally they have
a predominance of neutrophils in their airways.

Patient assessment

The essential goals are to determine the degree of airflow
obstruction, toidentify possible exacerbating factors and
possible life-threatening complications.

Medical history

This will include determining the time of onset and
severity of symptoms (especially compared with previ-
ous exacerbations), all current medications, prior hos-
pitalizations, and emergency department admission.
Attempts should be made to uncover the cause of the
recent exacerbations. Common causes include exposure
toextrinsicantigens, severe viral respiratory infections, '*
inadequate or incorrect medications, exercise, emotions,
drugs (suchasaspirin, NSAIDS, beta-blockers), seasonal
variations, etc.

Early warning signs may include nocturnal symptoms
of cough, wheeze, and dyspnoea, which are progressive
and poorly responsive to bronchodilators.

As the severity increases the patient may manifest
a variety of clinical features. These include difficulty
with breathing, tachypnoea, the inability to complete
sentences, tachycardia, widespread polyphonic wheezes
onauscultation, and a peak-flow reading less than 50 % of
expected or patient’s known best reading (see Table 2).

Physiological assessment is essential in all patients
with asthma, particularly during an episode of acute
attack (see Table 3). The peak expiratory flow rate (PEF)
using a peak-flow meter is a simple and useful test for
monitoring the patient’s progress.'® The peak expiratory
flow meter is inexpensive portable and safe.

Theimportance of objective assessment cannot be over
emphasised. It has been shown that poor perception of
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Table 2 Features of severe asthmatic attack

« Diaphoresis

* Dyspnoea at rest

e Audible wheeze

« Talking in monosyllables, unable to complete sentences
in one breath

» Agitation

» Tachypnoea respiratory rate >25cyc/min

» Tachycardia >110 bpm

» Peak expiratory flow 33-50% of predicted

* Hyperinflated chest

» Widespread polyphonic wheezes

Table 3 Features of life-threatening asthma attack

» Confusion

» Exhaustion

» Cyanosis

» Bradycardia

» Feeble respiratory effort

+ Silent chest

» Peak expiratory flow <33% of predicted

the severity of asthma on the part of the patient and the
physicians is a major factor causing delay in treatment,
which may resultinincreased asthma-related morbidity
and mortality. Approximately 55% of patients present-
ing with acute severe asthma will have values 40% of
normal of the PEF and one-fifth will range between 40%
and 60% of normal. Generally however, FEV'of less than
1L or PEF of less than 120L/min is indicative of severe
obstruction.'”

A chest X-ray should be obtained to exclude the pos-
sibility of life-threatening complications such as pnemo-
thorax, the presence of which may make the attack
unyielding to treatment. It could also show evidence of
chest infection, which could have been the precipitant
of the acute attack.

Pulse oximetry is necessary to measure the oxygen
saturation (SPO,) inall patients with acute severe asthma
to exclude hypoxaemia; this also allows monitoring of
SPO, during treatment which should be maintained at
>92%. Arterial blood gases measurement should also
form part of the assessment of the patient with acute
severe asthma,? although this is not readily available
in many resource-limited countries.

During an episode of acute severe asthma, hypox-
aemia and hypocapnia are usually the rule. The onset of
normocapnia signifies a worsening state and the pres-
ence of hypercapnia indicates respiratory failure which
portends a worse prognosis.

Serum electrolytes, particularly potassium, should be
measured. Low potassium may be the result of hyper-
ventilation or treatment with bronchodilators. Hypok-
alaemia can cause diaphragmatic muscle weakness and
thus worsen the patient’s condition.

Electrocardiogram (ECG) changes are usually non-
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specific but may include sinus tachycardia, ventricular
strain pattern, and right axis deviation. A reversible
P-pulmonale may occasionally be seen due to increase
in pulmonary artery pressure caused by severe hypox-
aemia.

Management

The goals of management include relieving the severe
airflow obstruction to restore normal lung function,
correct hypoxaemia, arrest any life-threatening compli-
cations, and prevent future relapses.

Oxygen

Oxygen given at high doses and flow rates helps to pre-
venttissue hypoxia,*! corrects pulmonary hypertension,
and enhances bronchodilation. It should be given as
35-60% of O, by nasal canula or face mask until hypox-
aemia is corrected.

B2-agonist

Short-acting inhaled B,-agonists are the drugs of choice
to treat acute severe asthma.**? They have rapid onset of
action and their side-effects are well tolerated. The ideal
route of delivery is via an oxygen-drivennebuliser which
ensures that large volumes of B,-agonist are delivered
directly into the airways. In situations where this is not
available, ametered doseinhaler withaspacer device can
be used. These are effective for delivery of drugs into the
airways and are particularly useful in patients who have
difficulty coordinating inhalation with a metered dose
inhaler alone. Salbutamol® (albuterol) is one of the most
frequently used drugs in the emergency department. It
has an onset of action of 5min and duration of action of
6h. Other drugs used include terbutaline and fenoterol.
Long-acting drugs are not recommended for emergency
treatment. The use of intravenous B-agonist is notadvis-
able because of the severe systemic side-effects.

Corticosteroids

Bearing in mind that asthma is an inflammatory dis-
ease and the bronchospasm of acute asthmatic attack is
due to an inflammatory condition, steroids are central
in the management of acute severe asthma.?* Oral ste-
roids should be started as early as possible*> when an
acute attack of asthma fails to respond to conventional
bronchodilators. Delay may lead to life-threatening
complications.

Inthe emergency room, IV hydrocortisone 100-200 mg
every 6 hours and /or prednisolone 30-60 mg should be
started. Insome instances patient may be extremelyilland
not able to take oral steroid. Intravenous therapy should
be continued until the patient shows positive signs of
improvement after which he can be switched over to oral
therapy. Use of inhaled steroids is not universally recom-
mended, but may be useful in some instances®*where it
should be introduced in the recovery phase. It has been
shown that under-use of steroids is one of the leading
causes of relapse and death among asthmatics.
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Theophylline

The use of theophylline/aminophylline should only be
for those patients not responding to standard therapy.
In this instance a loading dose (in a patient who has
not been previously been on theophylline) of 6mg/kg
over 15-30min should be followed by an infusion of
0.5mg/kg/h. Measured theophylline blood level is
recommended to be 8-12ug/ml. In patients already
receiving theophylline on admission to the emergency
department, a serum level should be measured. If the
patients require theophylline they should not be given
a loading dose, or it may be given at a reduced level.
Theophylines have anarrow therapeuticrange and have
wideinteractions with many drugs. Ina patient withliver
disease, alcoholism, or cardiac disease the dose should
be reduced to 0.2mg/kg/h.

Anticholinergics

Ipratropium bromide?’ is a quaternary ammonium
derivative of atropine and is a selective bronchodilator
when inhaled. Due to its slow onset of action (1.5-2h), it
is not used as a first-line attack in acute severe asthma.
In patients who show marked side-effects when given
maximal doses of B-agonist, or who do not respond to
its therapy, adding ipratropium bromide is a reason-
able option - given in a nebulised form at a dose of
250-500 mcq 6-hourly.

Magnesium sulphate

The use of magnesium for treatment of acute severe
asthma was first reported in 1936 by Uruguayan physi-
cians. A suggested mechanism of action is that by inhib-
iting smooth muscle cell calcium channels, magnesium
blocks muscle contraction.

A large multicenter study®® demonstrated that IV
magnesium sulphate only improves pulmonary function
when administered as an adjunct to standard therapy
(nebulised B,-agonist and IV corticosteroids) in a very
select subgroup of patients.

In general this drug is safe and inexpensive. The usual
clinical dose is 1.2-2g IV over 20 min.

Heliox

Studies have shown that when administered to patients
with severe airflow obstruction, heliox,?’ which is a vari-
able combination of helium and oxygen, canreduce both
inspiratory and expiratory airway resistance as judged
by an increase in the PEF independent of the action of
bronchodilators. It has been shown that the effects of
B,-agonist®® delivered by jet nebuliser to patients with
acute severe asthma in the emergency department can
be enhanced by inhalation through a heliox delivery
system, guaranteeing a high concentration of helium in
the inhaled gas.

Additional therapy
Antibiotics
Viral respiratory infections are one of the commonest
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causes of asthma exacerbation.’’ Common cold viruses
such asrhinoviruses are the principal triggers of wheezing,.
Most patients may thus not require antibiotics. Evidence
hashowever demonstrated anassociation betweenbacte-
rial infections, particularly with Chlamydia pneumoniae,
and exacerbations of asthma.*

Antibiotics are often prescribed in acute severe asthma
because of an increase in sputum volume or purulence.
Sputum that looks purulent may not actually contain
polymorphonuclear leucocytes, rather they may contain
eosinophils. In those with definite evidence of infection,
suchas fever or lung consolidation, antibiotics should be
given. Anecdotal evidence shows thatadding antibiotics
may be useful in most parts of the developing world due
to poor environmental hygiene.

Mechanical ventilation
Patients who show signs of continued deterioration
despite adequate treatment will require mechanical
ventilation. The prognosis is better when the decision to
mechanically ventilateis made electively, rather thanasan
emergency when the patientis moribound.** Indications
for mechanical ventilation are as shown in Table 4.
Mechanical ventilationis, however, not withoutrisk as
complications like barotraumas and lung collapse have
beenreported. Occasionally patients may beinadequately
ventilated. It is important that mechanical ventilation be
undertaken by experienced medical staff. Patients should
continue with the anti-asthma regimen throughout the
period of ventilation.

ICU management

Patients with evidence of severe airway obstruction who
improve minimally or deteriorate despite therapy should
be admitted to an ICU. Indications include worsening
respiratory distress, respiratory arrest, altered mental
status, SPO, <90% despite supplemental oxygen, and
a rising arterial carbon dioxide pressure.® Essentially a
patientrequiring ICU admission often requires mechani-
cal ventilation.

Complications

Complications in the management of severe asthma

include:

* respiratory failure;

e pneumothorax due to rupture of bullae;

* hypokalaemia, which can occur as a result of hyper-
ventilation;

* the patient rapidly progressing to a catastrophic

Table 4 indications for mechanical ventilation

» Exhaustion

+ PaO, <6.5kpal and falling

+ PaCO,>6.5kpal and rising

» Hypotension (systolic BP <90 mmHg)
» Confusion

+ Coma
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asthma, despite adequate treatment.

Other complications that may arise from drug therapy
include tremor, worsening tachycardia, and hypokaele-
mia from B2-agonist. Complications from drugs such as
aminophyllineinclude vomiting, palpitations, headache,
arrythmias, and cardiac arrest.

Monitoring response

Patients require monitoring closely throughout the period
of admission. This should include clinical, physiological,
and serial blood gases monitoring.

The PEF should be measured every 15-30min after
starting treatment until the patient is stable and PEF
should be recorded before and after giving B,-agonist
and at least four times daily throughout hospital stay.

The criteria for discharge are listed in Table 5.

Table 5 Criteria for discharge from hospital*

» Patient should have been on discharge medication for
24h and have had inhaler technique checked and
recorded

» PEF >5% of best predicted and PEF diurnal variability
<25%

» Treatment with oral and inhaled steroids in addition to
bronchodilators

*  Own PEF meter and written asthma action plan

* GP follow-up arranged within 2 working days

» Follow-up appointment in respiratory clinic within 4 weeks

» Patient linked up with asthma charity organisations

Patient’s education
Education is a big principle of current asthma man-
agement. The patient should understand their disease
process, understand their medication and how to use it,
and be able toreact to changes in their disease symptoms
and/or actual measured peak flow.** In resource-poor
regions like sub-Saharan Africa, peak flow meters are
not widely available or used by the patient population.
Attempts should be made to provide peak flow meters
at highly subsidized prices for patients and their use
encouraged by the physicians and nursesinvolved in the
management of the asthmatics. This will go a long way
in helping to prevent acute exacerbations of asthma.
Acute severe asthma is a common medical emergency
that is often faced by the emergency physicians. Prompt
recognition and proper management of this condition
will reduce mortality. Decisions as to whether patients
need further interventions, such as mechanical ventilation,
should be made early in order to improve the outcome.
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