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ABSTRACT: The prevalence of patients with acute severe asthma appears to be
increasing in many countries.  In the present review,  we summarize data in the lit-
erature relating to the prevention and treatment of fatality-prone asthmatics.  The
underlying assumption is that increased understanding of near-fatal asthma will
increase our understanding of the pathophysiology of severe asthma,  and lead to
interventions that could reduce the mortality rate from asthma.

Recognition of acute life-threatening asthma attacks by any physician is manda-
tory,  since lack of such diagnosis and appropriate treatment has been shown to
have devastating consequences. The characteristics that allow identification of asth-
matics prone to die in ambulatory settings (i.e. previous admissions, type of thera-
py,  etc.) as well as the principal precipitating factors of acute near-fatal and fatal
attacks of asthma are reviewed.  Predisposing factors,  such as lack of appropriate
treatment, lack of compliance or poor preventive measures are debated.

Finally, we discuss current therapeutic approaches in emergency facilities,  based
on the major pathophysiological findings in near-fatal asthma.
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Despite our increased understanding of the pathogen-
esis of asthma and the development of new therapeutic
modalities, asthma morbidity and mortality rates remain
disturbingly high.  One of the difficulties in attempting
to reduce mortality from asthma is the paucity of data
regarding the pathophysiology of fatal asthma attacks.
Since the majority of asthma-related deaths are preced-
ed by rapid and severe deterioration, and many occur
outside the hospital setting, such a fundamental question
as whether deaths from asthma are due to cardiac arrhyth-
mias, or other factors remains controversial.  As a sur-
rogate measure, a number of investigators have examined
near-fatal asthma episodes, with the underlying assump-
tion that the pathophysiological mechanisms in patients
who die from asthma are similar to those of patients who
have near-fatal events.  Although there are clearly major
limitations with this approach, it provides physiological
and biochemical data which can provide clues to the
pathophysiology of asthma deaths.

This article will examine a number of issues related
to near-fatal asthma, including identification of fatality-
prone asthmatics, precipitating factors, pathophysiology
and some aspects of treatment.

Definition and incidence

The variable definition of asthma has created difficul-
ties in estimating the overall prevalence of this condi-
tion [1], as well as the incidence of well defined near-fatal

asthma episodes [2].  RUFFIN et al. [3] and SEARS et al.
[4] defined near-fatal asthma as either respiratory arrest
due to acute asthma, or acute asthma with an arterial car-
bon dioxide tension (PaCO2) greater than 6.7 kPa (50
mmHg) and/or an altered state of consciousness.  CROMPTON

[5] has defined the "catastrophic asthmatic" as that sub-
ject who develops a sudden, severe, asthma attack despite
receiving treatment which controls symptoms in most
other patients.  Emphasis is put on the observation that
many asthmatics of this type have a rapid decline in ven-
tilatory function before the onset of the catastrophic attack.
MOLFINO et al. [6] described near-fatal asthma as those
episodes in which the asthmatic patient presented with
respiratory arrest.  In these patients the mean (±SD) PaCO2

at the time of the first arterial blood gas analysis was
12.9±4.1 kPa (97.1±31.1 mmHg).

The number of episodes of acute, near-fatal asthma
[7], as well as the number of asthma admissions [1],
have increased more in recent years than asthma mor-
tality rates [8].  Although a British survey [9] of Emergency
Room deaths from medical conditions has pointed out
the importance of proper recognition and assessment of
life-threatening asthma, the prevalence of this type of
episode is largely unknown [1].

The reasons for the increased incidence of severe asth-
ma, despite apparently better management and drugs,  are
unknown.  WEISS [10] has demonstrated that during the
period 1982–1986 the admission rates in the United States
on a yearly basis, paralleled the mortality rates, but there
was a discrepancy in the timing of admissions and deaths.
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Whilst admissions reached a maximum in November,
deaths were maximum around February.  This "uncou-
pling" of such curves strongly suggests that, at least in
the United States, different environmental factors may
be involved in the determination of admissions and fatal-
ities from asthma.  Whether this is also true in other
countries experiencing an increase in asthma morbidity
and mortality is not known, but seasonal trends in near-
fatal asthma have been identified in other regions of the
world [11].  For example ROUX et al. [11] found that
children with fatality prone characteristics represented a
"seasonal" group, lending support to other reports [12]
of seasonal, near-fatal attacks of asthma.

An asthma crisis can be easily recognized as life-threat-
ening.  Patients at presentation either suffer from respi-
ratory arrest or exhibit severe dyspnoea, difficulty in
speaking, use of accessory muscles of respiration and
silent chest on auscultation [6].  The findings that indi-
cate a potentially or an imminently life-threatening asth-
ma attack have recently been listed [13–l5], and are
presented in table 1.  However, near-fatal or fatal attacks
can occur in patients who do not have these character-
istics.   HETZEL et al. [16] studied the incidence of episodes
of unexpected ventilatory arrest, some of which led to
sudden death, in 1,169 consecutive hospital admissions
for asthma.  Accepted clinical criteria of a severe attack
were not present in some of the episodes, which appeared
to be mild.  In this study [16], and one of our studies
[6],  the risk of sudden death in some patients could not
always be related to the severity of the attack.  However,
it does correlate with the presence of excessive diurnal
variation in peak expiratory flow rates (PEFR) [17].  A
number of other studies examining near-fatal asthma, or
life threatening asthma [5, 18] clearly demonstrated that
these episodes were associated with more severe or more
rapid deterioration than that seen in non-life-threatening
attacks.  This suggests that the time elapsed until the
patient receives appropriate medical help may be criti-
cal in averting fatal asthma [19, 20] since the severity
of the obstruction, albeit not initially present, can worsen
suddenly.  This rapid deterioration can also occur after

the patient is admitted to hospital [16, 21] and some-
times following discharge, even with a forced expiratory
volume in one second (FEV1) >70% [6].

Identification of the fatality-prone asthmatic

A group of asthmatic patients in whom severe and life-
threatening asthma attacks do occur frequently was
described initially as "brittle asthma" by TURNER-WARWICK

[17].  These patients have sudden asthma attacks and
often, but not always, have large oscillations in PEFR
that respond to bronchodilators.  A number of years after
this initial description, STRUNK [22] reported the char-
acteristics of patients who have an increased risk of dying
from asthma: those suffering from sudden severe over-
whelming deterioration of airway function (brittle asth-
ma) and patients who are chronic asthmatics with
long-standing episodes of acute asthma.  However, there
are patients that do not have any of these criteria.

WASSERFALLEN et al. [18] obtained similar data report-
ing that asthmatic patients who suffer from acute severe
deterioration and go on to receive mechanical ventila-
tion have similar characteristics to those described by
STRUNK [22].  The features in the asthmatic patients that
developed sudden asphyxia were different from those in
subjects who developed gradual worsening, suggesting
different pathophysiological mechanisms leading to these
near-fatal events.  The similarities in the subjects described
by all these authors [5, 17, 18, 22] lend support to the
epidemiological studies of asthma deaths [4, 23, 24]
which have reported that patients dying from asthma
were those who did not reach hospital expeditiously, but
also indicate that some deaths appeared to be unavoid-
able.

The principal characteristics that help to identify fatali-
ty-prone asthmatics are summarized in table 2 [14, 15].
Of these, previous occurrence of life-threatening events
and hospitalization within the last year are the most spe-
cific.  Many patients require multiple drugs, have large
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Table 1.  –  Recognition of near-fatal asthma

Potentially life-threatening features
(any of the following indicates a severe asthma attack)

Increasing wheeze and breathlessness.  Patient unable to
complete sentences in one breath or unable to get up from   
a chair or bed

Respiratory rate≥25 breaths·min-1

Heart rate persistently ≥110 beats·min-1

Peak expiratory flow <40% of predicted or best obtained       
<200 l·min-1

Pulsus paradoxus ≥10 mmHg

Imminently life-threatening features
(any of the following indicates a very severe asthma attack)
Silent chest on auscultation
Cyanosis
Bradycardia
Exhaustion, confusion or unconsciousness

(From [13]).

Table 2.  –  Risk and precipitating factors of near-fatal
asthma attacks

Risk factors [14]
Age
Ethnicity
Previous life-threatening exacerbation
Hospital admission within the last year
Inadequate general management
Psychological and psychosocial problems
Lack of access to medical care

Precipitating factors
Allergens [12, 18, 25]
Infections [18]
Lack of appropriate assessment or treatment [21, 22, 26]
Air pollution [27–30]
Weather changes [10, 31]*
Emotional upsets [18]
Drugs [32]

*: acute asthma deterioration reported but not near-fatal
asthma or fatal asthma attacks.



variations in lung function or associated psychological
disorders, but never experience respiratory failure.
Furthermore, many asthmatic patients use the Emergency
Room as the primary source of care, and have frequent
visits to these facilities without this being a major risk
factor.  Finally, some risk factors, such as ethnicity,  may
be indicative of socio-economic barriers to adequate med-
ical care.  Lack of appropriate control of symptoms and
treatment has been shown to be another important fac-
tor in worsening asthma leading to death [19, 20, 22,
33].  In this respect, it is possible that an expanding group
of patients who do not respond completely (or comply)
to conventional therapy represent a great proportion of
near-fatal and fatal asthma attacks [20].

Monitoring peak expiratory flow rates on a regular
basis [17, 34] has allowed determination of at least two
groups of patients who are at risk of near-fatal asthma,
by apparently different pathophysiological mechanisms:
1) The first group are patients with severe airflow limi-
tation, who have abnormal physiological responses to
their airway narrowing [35, 36].  Among these, one sub-
group of patients have a blunted hypoxic ventilatory drive
and do not respond to the development of bronchial nar-
rowing and hypoxia with hyperventilation during acute
attacks [35].  These patients may present with hyper-
capnia, even during moderate airways obstruction.  A
second subgroup of patients do not perceive that they
are developing worsening airways obstruction and, thus,
may be relatively symptom-free even with severe obstruc-
tion [36].  Although these conditions are rare, it is impor-
tant to identify these groups using appropriate pulmonary
function testing, because when they do report symptoms,
albeit minimal, they may be at much greater risk of death
than other asthmatics.  

2) The second group are patients who have marked
diurnal variations in peak flow rate [17].  These are
patients who may have normal peak flow rates on inter-
mittent testing, but who have large fluctuations in flow,
and may develop sudden catastrophic attacks of asthma.

Use of peak flow recording is highly desirable in all
patients with moderate and severe asthma, and should
be mandatory in all those admitted to hospital in the pre-
ceding year, or in whom life-threatening attacks have
occurred.  Usually,  peak flow rates will change prior to
the development of symptoms, and detection of these
changes can lead to a modification of therapy to atten-
uate or prevent sudden attacks [2].

Precipitating factors

There are no unique precipitating factors that have been
identified as common to near-fatal episodes in all patients
[2], but a careful interview of the patient or relatives can
usually pinpoint a predominant cause for that particular
episode [18].  The prolonged duration of the attack and
the time frame over which symptoms develop can give
an indication of the development of airflow inflamma-
tion, whilst a rapid deterioration suggests predominant
airway smooth muscle contraction.

ARNOLD et al. [37] prospectively evaluated 261 episodes

of acute asthma, and found that 46% began within the
24 h prior to presentation, whereas 13% occurred less
than an hour prior to presentation.  This period may vary
depending on a number of different factors, but clearly
these data identify a group of patients in whom rapid
and overwhelming deterioration of asthma can exist [5,
6, 18].

Life-threatening asthma is more common in young peo-
ple [18] but can occur at any age and without gender
distribution [5, 6, 14, 22] and, although there are sea-
sonal variations [10], these episodes can occur at any
time of the day or any day of the week [6].  However,
recently, WEISS [10] has reported that death rates from
asthma in the United States are higher during weekends;
however, there is no clear explanation for this finding.
Possible mechanisms include, more time spent outdoors,
reduced patient compliance with therapy,  and/or reduced
efficacy of Emergency Departments.

Factors that are known to precipitate near-fatal epis-
odes (table 2) are being increasingly recognized [2].
WASSERFALLEN et al. [18] found that those asthmatic
patients who developed sudden asphyxia had a massive
exposure to allergens (3 out of 10), or emotional upsets
(4 out of 10), as precipitating factors.  By contrast, the
majority of patients (15 out of 24) who required mechan-
ical ventilation after gradual impairment of their respira-
tory function had a respiratory infection as the precipitating
factor [18].

The importance of allergens as triggering factors for
near-fatal and fatal asthma has been shown, more recently,
by O'HOLLAREN et al. [12].  These authors have reported
that all respiratory arrests due to asthma in their study
developed during the Alternaria season, and that these
patients had markers of atopy that were significantly
higher than the control group (asthmatics without respi-
ratory arrest).  These findings lend support to a previ-
ous British Thoracic Society study [38], which found that
death from asthma was more frequent in atopic than in
nonatopic patients, as well as to the results of POLART et
al. [25] showing that emergency visits for acute asthma
occurred more frequently in atopic asthmatics.

Some drugs, such as beta-blockers, aspirin and/or non-
steroidal anti-inflammatories, can also precipitate near-
fatal or fatal asthma.  PICADO et al. [32] reviewed 92
asthmatics who required mechanical ventilation due to
asthma, and found that aspirin had been the precipitating
factor in 8% of the cases.  There are more than 200 com-
pounds that contain aspirin and, in addition, cross reac-
tion with nonsteroideal anti-inflammatories has been
reported.  These adverse reactions are apparently linked
with the ability of such compounds to block the cyclo-
oxygenase pathway, with a shift towards the production
of leukotrienes.  The exact mechanism(s), however, remain
unclear [39].  Unfortunately, even hydrocortisone can
provoke severe asthma,  requiring intubation, in aspirin
sensitive patients [40].  Beta-blockers are well-known to
trigger asthma decompensation [41] and have been report-
ed to cause exacerbations that persist for prolonged peri-
ods after the withdrawal of the drug, and occasionally
to cause death in patients with a known history of reversible
bronchospasm.
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Recently, concern has been raised regarding the effects
of certain foods provoking rare episodes of near-fatal
and fatal asthma in children [42].  SAMPSON et al. [42]
identified six children and adolescents who died of ana-
phylactic reactions to foods, and seven others who nearly
died and required intubation.  Of the 13 children and
adolescents, 12 had asthma that was well-controlled.  The
reactions were to peanuts (four patients), nuts (six patients),
eggs (one patient), and milk (two patients),  all of which
were contained in foods such as candy, cookies, and pas-
try.  The six patients who died had symptoms within
3–30 min of the ingestion of the allergen, but only two
received epinephrine in the first hour.  All patients who
survived had symptoms within 5 min of allergen inges-
tion, and all but one received epinephrine within 30 min.

The role of air pollution in precipitating near-fatal asth-
ma is not yet clear.  It is unlikely that relatively low lev-
els of pollutants alone would be able to precipitate an
acute severe asthma attack,  but thermal inversions with
massive accumulation of pollutants are said to be pre-
cipitating factors [2, 31, 34].  Thus, pollution might act
as an adjuvant factor in certain circumstances.  In this
regard, MOLFINO et al. [27] have recently reported poten-
tiation of the allergic bronchial response when resting
asthmatics were exposed to a relatively low level of
ozone (0.12 ppm) for one hour prior to the allergen chal-
lenge.  Notably, these levels of ozone are lower than lev-
els commonly observed in large urban centres in the
summer months.  Whether these results can be extrapo-
lated to episodes of near-fatal and fatal asthma is not yet
known,  but reducing the magnitude of the stimulus is
an obvious goal, and all known precipitating factors
should be minimized or eliminated in an effort to reduce
both airway inflammation and responsiveness.

The role of airway hyperresponsiveness in determin-
ing the risk of near-fatal and fatal asthma is contro-
versial.  In a group of patients who survived respiratory

arrests [6, 20] we found increased airway responsiveness
to methacholine within the range described as very severe
[43] i.e. provocative concentration producing a 20% fall
in FEV1 (PC20) <0.1 mg·ml-1 when the patients were chal-
lenged 8–16 weeks after discharge (table 3).  This is in
accord with data from WOOLCOCK et al. [43] who examined
histamine challenges 3–10 weeks after the near-fatal
event.  However, these results differ from those report-
ed by RUFFIN et al. [3] in their longitudinal study of near-
fatal asthma.  In their patients, the geometric mean
histamine PC20 of 0.23 mg·ml-1 (n=45) obtained after the
near-fatal event increased to 0.83 mg·ml-1 after appro-
priate therapy.  Although it has been suggested that reduc-
ing bronchial hyperresponsiveness to methacholine or
histamine may be beneficial in all patients with asthma
[2, 43], the importance of this approach in decreasing
the likelihood of a fatal or near-fatal asthma attack has
not been proved.  Nonetheless, recent epidemiological
evidence suggests that use of inhaled steroids seems to
decrease the risk of near-fatal and fatal attacks of asth-
ma [45].

The possible increased risk of death from asthma due
to chronic use of β2-agonists has been debated in the last
few years.  There is evidence that suggests that β2-
agonists should be used on demand rather than on a
regular basis [46, 47].  The mechanisms by which β2-
agonists would cause asthma deterioration remains spec-
ulative,  and whether this deleterious effect applies to all
β2-agonists [46, 47],  particularly those with long-lasting
action such as formoterol and salmeterol, is not yet known.
Following the evidence gathered in New Zealand by case-
control studies [48–50] a hypothesis was put forward by
PAGE [51] who proposed a paradoxical deterioration of
asthma with greater use of inhaled β2-agonists.  A study
from SEARS et al. [46], showing poorer asthma control
with regular use of fenoterol,  and a study by SPITZER et
al. [47] supported the "asthma paradox" hypothesis.
Although inhaled heparin can block exercise-induced
bronchospasm [52], how reducing heparin [51] would
cause deterioration of asthma in unclear.

More recently, COCKCROFT et al. [53] confirmed that
the regular use of salbutamol for two weeks increased
the bronchial response to inhaled allergens by unknown
mechanism(s).  At least in lung or bronchial tissue,  down-
regulation of β2-adrenoreceptors due to chronic use of
β2-agonists seems unlikely [54–56] although uncoupling
to G-proteins is possible after β2-stimulation [57, 58].
Increased bronchial responsiveness following use of
inhaled β2-agonists [59, 60] has also been shown, and
facilitation of mast cell degranulation has been suggested
[53, 61] but the clinical significance and extrapolation
to near-fatal or fatal asthma of these studies [51, 54–56,
59–62] awaits elucidation.

Some conclusions with regards to chronic treatment of
asthma with inhaled β2-agonists can be drawn from the
evidence available: 1) the vast majority of patients
presenting with near-fatal asthma are grossly undertreated
with anti-inflammatories; 2) β2-agonists should be used
on demand, but probably not on a regular basis, to achieve
asthma control; whether this applies to all asthmatic
patients, particularly those who have suffered previous
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Table 3.  –  PC20 Methacholine in asthmatics survivors
from near-fatal attacks

Patient      Visits to ER       PC20 Mch† Ambulatory
No.         after discharge       mg·ml-1 treatment

1   4  0.07    T-S-B-P
2 2 0.80 T-S-B
3 1 0.31 T-S-B
4 4 0.04 T-F-P
5 4 0.08 T-F-B-P
6 1 0.04 T-S-B-P
7 0 NSS S-B-P

ER: Emergency Room; T: theophylline; S: salbutamol; B:
beclomethasone; P: prednisone (20–40 mg·day-1); F: fenoterol;
†PC20 methacholine was measured 2–4 months after dis-
charge from hospital (by the method described by COCKCROFT

et al. [44], using a Puritan Bennet nebulizer that maintained
an output of 0.13 ml·min-1) and following a period of at
least 8 weeks of asthma quiescence.  NSS: drop of FEV1

>20% with nebulized normal saline solution; FEV1: forced
expiratory volume in one second; PC20: provocative con-
centration producing a 20% fall in FEV1.  (Adapted from
[20]).



near-fatal events requires clarification relatively quickly;
3) the apparent deleterious effect of inhaled β2-agonists
in asthma may or may not be true for all β2-agonists (this
also awaits elucidation); and 4) inhaled β2-agonists are
by far the best treatment in acute severe asthma, due to
their potent bronchodilator effect.

Pathophysiology

Asphyxia and/or cardiac arrhythmias are thought to be
the major pathophysiological events directly implicated
in asthma fatalities.  Unfortunately,  as discussed above,
there is a paucity of data in the literature examining the
pathophysiology of asthmatic deaths.  MOLFINO et al. [6]
examined the mechanisms by which patients might die
during acute exacerbations of asthma, by studying 10
patients who arrived at the hospital in respiratory arrest
or in whom it developed within 20 min after admission.
These  patients had characteristics similar to those  described
previously for patients at high risk of death from asth-
ma, including a long history of disease in young to mid-
dle age patients, previous life-threatening attacks or
hospitalizations, delay in obtaining medical aid,  and sud-
den onset of a rapidly progressive crisis [23, 24].  They were
found to have marked hypercapnia (mean±SD 12.9±4.1
kPa (97.1± 31.1 mmHg)) and acidosis (pH=7.01±0.11)
before mechanical ventilation was begun.  In addition, 4
patients had hypokalaemia on admission, although the
mean potassium was in the low normal range (3.4±0.3
mmol·l-1).  Despite the marked severe respiratory acidosis,
no patient had a serious cardiac arrhythmia during resus-
citation manoeuvres or during hospitalization.  Although
one patient had atrial fibrillation and another had rela-
tive sinus bradycardia, both arrhythmias reverted to sinus
rhythm after the initiation of ventilation with hyperoxic
gas mixtures.  Based on these findings, we conclude that,
at least in this group of patients,  the near-fatal nature
of the exacerbations was the result of severe asphyxia
rather than cardiac arrythmias.  It is important to note,
however, that the patients examined in this study may
not be representative of patients who actually die from
asthma.  Nonetheless, given the severity of their clinical
and biochemical data on admission, they certainly had
potentially fatal attacks and probably survived because
they were fortunate enough to reach a hospital for defin-
itive treatment.  Thus, they probably represent a sub-
group of patients who die from asthma [21, 23]

Given the findings mentioned above, it is important to
review the pathophysiology related to asphyxia, hypox-
aemia,  and their effect on cardiac arrhythmias. The most
common findings in mild to moderate acute asthma are
hypoxaemia, hypocapnia and respiratory alkalosis [63].
However, as the severity of the acute attack worsens,
severe alterations in gas exchange with hypercapnia and
respiratory acidosis with [64] or without metabolic
acidosis [65] are generally found [6, 18, 63, 65–68].  The
mechanisms by which asphyxia develops are probably
multifactorial.  MCFADDEN [2] has summarized them
as the combination of a certain degree of airway labili-
ty, the severity of the pre-existing obstruction, the

magnitude of the stimulus applied, and the patient's abil-
ity to respond to the alterations of the airway geometry.

Hypoxaemia is closely related to the degree of airway
obstruction but is rarely severe (arterial oxygen tension
(PaO2) <8 kPa (60 mmHg)), although occasionally it can
be aggravated by administration of β2-agonists [68].
Hypoxaemia is the result of severe ventilation-perfusion
inequalities, and must be corrected immediately [63].
Respiratory acidosis always indicates a potentially life-
threatening asthma attack requiring urgent intervention.
It does not,  however, necessarily mean that mechanical
ventilation is required, since airway obstruction and hyper-
capnia can be reverted by conventional medical therapy.
Given the potentially life-threatening nature of severe
disturbances in arterial blood gases, it is also important
to examine how much hypoxaemia, hypercapnia and aci-
dosis humans can tolerate, and if present, the effect of
anti-asthma therapy (specifically β2-agonists) on arrhyth-
mias.

A number of reports have suggested that healthy humans
can tolerate extremely severe respiratory acidosis if they
are adequately oxygenated.  FRUMIN et al. [69] studied
eight human subjects who were subjected to apnoeic oxy-
genation for periods ranging from 18–55 min during rou-
tine operative procedures.  All patients maintained their
oxygen saturations at greater than 98%.  However, at the
end of the apnoeic period, PaCO2 ranged from 17.3–33.3
kPa (130–250 mmHg) and pH ranged from 6.97–6.72.
Despite these extremely severe derangements, 6 of the
8 patients maintained normal sinus rhythm, only 2 had
occasional premature ventricular contractions, and all
recovered without obvious sequelae.  Similarly, CLOWES

et al. [70] studied subjects who breathed gas mixtures
containing high concentrations of carbon dioxide.  Arterial
pH decreased to values as low as 6.8; however, all subjects
had uneventful recoveries.  Thus, if hypoxaemia is avoid-
ed, severe respiratory acidosis seems to be well-tolerated.
However, it is important to point out that patients out-
side the hospital setting who develop severe respiratory
acidosis are likely to be hypoxaemic, since they are not
breathing oxygen-enriched gas mixtures.  Assuming a
PaCO2 of 80 mmHg (10.6 kPa), a "best - case" scenario
of an alveolar-arterial oxygen gradient ((A-a)O2) of only
10 mmHg (1.3 kPa) and a normal respiratory quotient
of 0.8, based on the alveolar gas equation, the PaO2 would
be 40 mmHg (5.3 kPa).  This, along with the right-shift
in the oxyhaemoglobin dissociation curve would be indica-
tive of very severe hypoxaemia.

The effect of hypoxaemia on cardiac arrhythmias has
been clearly demonstrated in dogs by COLLINS et al. [71]
who showed that cardiac disturbances were induced by
lower doses of isoprenaline if hypoxaemia was present.
On the other hand, STEINHART et al. [72] have reported
that severe hypercapnia (>53.3 kPa or 400 mmHg) in
dogs resulted in heart failure, which could be reversed
by administration of catecholamines or worsened by
administration of beta-blockers.  Taken together, these
studies suggest that hypoxaemia is the principal alter-
ation to be corrected.

In humans with acute severe asthma (not life-
threatening), DOUGLAS et al. [73] did not report detectable
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cardiac arrhythmias in the presence of mild hypoxaemia
after administration of 1.25,  2.5 or 5 mg of salbutamol
nebulized in air. Similar results were obtained by BREMNER

et al. [74] in mildly hypoxic healthy volunteers treated
with 800 µg of inhaled fenoterol.  Cardiac arrhythmias
may still occur despite adequate oxygenation, because of
direct cardiotoxicity of the drugs or because of hypo-
kalaemia [34, 75].  Hypokalaemia can be the result of
anti-asthma therapy [76, 77] and can be associated with
muscle weakness [78], but its role in acute severe asth-
ma awaits elucidation.

Excess bronchial muscle shortening appears to be the
cause of sudden decompensation and death in some cases
of asthma.  This is likely to be true in asthmatics who
die of severe airway obstruction, in whom no mucous
plugging or submucosal oedema of the airways is found
postmortem [79].  BAI [54] has reported an increased
maximal response to contractile agonists, such as hista-
mine,  electric field stimulation and acetylcholine, in air-
way smooth muscle obtained from patients who died
from asthma attacks.  In addition, this author reported a
diminished relaxation response to β2-agonists and theo-
phylline in these tissues.  Whether this is a result of a
change in the smooth muscle activation, in the loading
of the airway muscle, or in the smooth muscle shorten-
ing is not yet clear [79].

On the other hand, patients who suffer from status
asthmaticus often have airways filled with mucous plugs.
The problem in these cases of near-fatal and fatal asth-
ma may be the excessive inflammatory process in the
submucosa and lumen of the airways, that results in
severe airway narrowing when coupled with normal or
excessive airway smooth muscle contraction [79].  Recently,
SUR et al. [80] reported that patients dying with crises
of less than 1 h duration had significantly more neu-
trophils in the airway submucosa and less eosinophils,
when compared to patients dying after crises of more
than 2.5 h.  These findings lend immunohistological sup-
port to mechanisms possibly related more to overwhelming
airway smooth muscle contraction, than to excessive air-
way inflammation.

Hyperinflation is a constant finding in acute asthma,
as a result of the prolonged time constant of the respi-
ratory system leading to a positive alveolar pressure at
the end of expiration,  a phenomenon referred to as intrin-
sic PEEP (PEEPi) or auto-PEEP [81].  The magnitude
of auto-PEEP and alveolar pressure is directly related to
the minute ventilation, the mechanical time constant
of the respiratory system, and is inversely related to
expiratory time [81].  There is also regional hyperinfla-
tion due to inhomogeneity in the time constants of var-
ious alveolar regions.  These factors increase the risk of
barotrauma and haemodynamic deterioration and have
important implications regarding mechanical ventilation
of asthmatic patients, as will be described below.  In
addition, hyperinflation has been shown to be an impor-
tant factor producing respiratory muscle impairment in
asthma [82, 83].  Although it appears that muscle fatigue
does not play an important role by itself during acute
bronchospasm [82], one of the beneficial effects of beta-
agonists in acute asthma may be related to the reduction

of lung volume, which in turns improves diaphragmatic
function and endurance [83].

Treatment

Although the initial therapeutic measures to treat acute
asthma may vary from one country to another, [13–15],
all of them are aimed at avoiding mechanical ventilation
by producing immediate bronchodilatation.  Patients pre-
senting with life-threatening asthma who are conscious
must receive immediate continuous oxygen-impelled neb-
ulizations with high doses of β2-agonists, and intravenous
steroids.  The latter do not act immediately, and it is pre-
cisely for this reason that they should be administered
as soon as possible.

The use of intravenous theophylline is controversial.
Whilst the overall population of asthmatics may not bene-
fit from this drug as much as from inhaled β2-agonists,
some individuals exhibit a degree of bronchodilatation
that justifies its use to alleviate extremely severe bron-
choconstriction and even to improve prognosis after the
attack [84].  If it is used, the dose must be adjusted
according to the maintenance dose of oral theophylline
[13, 84].  Alternatively an intravenous β2-agonist may
be preferred in this circumstance [13].  Inhaled iprat-
ropium is another additional therapy (to inhaled β2-agonists
and intravenous steroids) that is used in many countries
to increase or accelerate the relief of airway obstruction.
In this respect, inhaled ipratropium has been shown to
offer a significant bronchodilatator effect,  providing it
is combined with inhaled β2-agonists [85, 86].

Many patients with severe asthma respond satisfac-
torily to these measures in a few hours;  however, no
patient recovering from a life-threatening event should
be discharged [6] before a monitoring period in hospital
of at least 24 h.  Home monitoring may be sufficient for
most patients discharged from the emergency room [8,
87] but patients with life-threatening events can have
sudden overwhelming fluctuations in pulmonary func-
tion and need close supervision in hospital [17].  Criteria
for hospital admission of patients with  acute severe asth-
ma treated at the Emergency Department have recently
been summarized [13–15].

Mechanical ventilation

Occasionally,  respiratory arrest and/or unconscious-
ness [6], or development of confusion and agitation in
addition to a rising PaCO2 despite aggressive conventional
therapy, are indications for endotracheal intubation and
mechanical ventilation.

Because of the considerations described previously with
respect to barotrauma, in the last few years there has
been a change in the approach to ventilating these patients,
based on the concept of controlled mechanical hypoven-
tilation [88].  The aim of this technique is to restore normal
oxygenation, whilst minimizing dynamic hyperinfla-
tion, and alveolar pressures.  The approach consists of
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ventilation with small tidal volumes, low respiratory
rates,  and relatively high inspiratory flow rates [89].
Sedation and paralysis of the patient are required,  and
the initial ventilatory settings are adjusted as needed to
maintain an inspiratory peak airway pressure of less than
35 cmH2O and a PaO2 of more than 10.6 kPa (80 mmHg).
This approach is probably the reason for the decrease
in mortality in mechanically-ventilated asthmatics in the
last decade [6, 88] and, indeed, in some studies the mor-
tality rate of ventilated patients has been zero [6, 18, 88,
90].  This technique implies the acceptance of tempo-
rary hypercapnia and does not appear to prolong the
duration of mechanical ventilation [18, 88, 90].  Recently,
WILLIAMS et al. [91] examined the factors associated with
hypotension, pulmonary barotrauma and cardiac arrhyth-
mias in all patients admitted to their Intensive Care Unit
(ICU) with severe asthma.  They found that hypoten-
sion and barotrauma occurred at a much higher rate in
patients who had greater dynamic hyperinflation, as quan-
tified by the end-inspiration lung volume (VEI) above
functional residual capacity (FRC) [91].  These issues
have recently been addressed in a Consensus Committee
document on mechanical ventilation [92].

Follow-up and preventative measures

Once patients suffering from life-threatening asthma
attacks are discharged,  they should be enrolled in a spe-
cial follow-up programme.   Both rapid admission to
specialized services [93] and compliance to this type of
control appear to reduce mortality [20].  When the out-
come of patients surviving near-fatal attacks [6] was
tracked [20], we found that those subjects who complied
with regular follow-up had a better survival rate than
the ones who did not comply with such control.  The
study comprised 18 months of monthly follow-up visits
in 12 patients who had been discharged following admis-
sion with near-fatal asthma attacks [20].  Only 7 of the
12 subjects consented to a tight monthly follow-up.
Whereas 2 of the non-compliant group died within 18
months of discharge, none from the compliant group
died within that period.  Although the latter group was
clearly a biased one,  consisting of patients who did not
agree to close follow-up, and thus may not have sought
timely medical help or take their medications properly,
this study lends support to previous reports regarding
the benefits of intensive follow-up of these patients [93].
Moreover, at the present time, it appears that the most
reasonable approach to use in patients discharged after
near-fatal events is to provide adequate doses of inhaled
anti-inflammatory therapy,  regular peak flow monitor-
ing [94, 95] and good communication with the physi-
cian or specialized service during the follow-up [2, 20,
93].  This general approach has been shown to be extreme-
ly efficacious in the self-admission centre in Edinburgh
[93].  Measures to be taken by the patient during an
acute attack of asthma and en route to hospital, as well
as well-defined action plans, have recently been
published following international consensus [15].  Patients
and carers must be educated regarding these action plans.

Conclusions and recommendations

Near-fatal asthma is the penultimate step in patients
with catastrophic asthma [6].  Identification of fatality-
prone subjects and recognition of life-threatening fea-
tures with understanding of its pathophysiology, may
lead to further reduction of these episodes [80].  The
predominant pathophysiological findings are the result
of severe airway obstruction with severe alterations in
acid-base status [6].  Respiratory arrest and coma upon
admission, or severe dyspnoea with silent chest on aus-
cultation and use of accessory muscles of respiration
constitute the basic clinical picture [13].  Respiratory
acidosis associated with hypoxaemia and metabolic aci-
dosis are the result of gross ventilation-perfusion alter-
ations, and hypoxaemia is the principal factor that must
be immediately corrected.  Cardiac arrhythmias are rarely
present [6].  Albeit difficult [6, 17], every effort must
be made by the physicians to identify the principal
inciter(s) of a life-threatening attack of asthma.  Airway
inflammation is not always the predominant finding in
acute onset near-fatal and fatal asthma [80].

Conventional treatment of acute attacks with high
doses of inhaled β2-agonists, oxygen and intravenous
steroids are the first therapeutic measures in any severe
asthma attack.  Physicians should be aggressive under
these circumstances, since severe asphyxia as the result
of massive airway obstruction seems to be the impor-
tant determinant of death during these episodes [6].
Mechanical ventilation is occasionally required as a last
resort and, if instituted, it should be controlled to avoid
barotrauma [92].

Objective measurement of pulmonary function (PEFR
or FEV1) must be obtained to monitor treatment in hos-
pital as soon as the patient's condition allows.  Admission
or in-hospital supervision for at least 24 h is desirable
in these patients in whom relapses can be fatal.  Upon
discharge, patient education, close patient-physician com-
munication, anti-inflammatory drugs, inhaled β2-agonists
on demand, and regular peak flow monitoring are manda-
tory.

It has been determined that the inability by the patient
or the physician to recognize asthma severity is a major
factor in near-fatal and fatal asthma attacks [96].  However,
since admission rates from asthma have increased more
dramatically than death rates, one can speculate that
patients are not dying because they are correctly diagnosed
and admitted.  Clearly, further studies are required to
elucidate the multitude of poorly understood factors that
seem to be playing a role in the increasing asthma mor-
bidity and mortality rates [7, 10, 27, 47, 51, 53].

References

1. Costello JF.  Asthma: a United Kingdom view; treat-
ment and its implications.  In: Piper PJ,  Krell RD, eds.
Advances in the Understanding and Treatment of Asthma.
New York: Ann. NY Acad Sci., 1991: 7–14.

2. McFadden ER Jr.  Fatal and near-fatal asthma.  N Engl
J Med 1991; 324: 409–410.

3. Ruffin RE,  Latimer KM,  Schembri DA.  Longitudinal
study of near-fatal asthma.  Chest 1991, 99(1): 77–83.  

NEAR-FATAL ASTHMA 987



4. Sears MR,  Rea HH,  Beaglehole R, et al.  Asthma mor-
tality in New Zealand: a two year national study. NZ
Med J 1985; 98: 271–275.

5. Crompton G.  The catastrophic asthmatic.  Br J Dis Chest
1987; 81: 321–325.

6. Molfino NA,  Nannini LJ,  Martelli AN,  Slutsky AS.
Respiratory arrest in near-fatal asthma.  N Engl J Med
1991; 324: 285–288.

7.  Williams MH Jr.  Increasing severity of asthma from
1960 to 1987.  N Engl J Med 1989; 320(15): 1015–1016.

8.  Higenbottam T, Hay I.  Has the treatment of asthma
improved? Chest 1990; 98: 706–712.

9. Shalley MJ, Cross AB.  Which patients are likely to die
in an accident and emergency department. Br Med J
1984; 289: 419–421.

10. Weiss KB.  Seasonal trends in US asthma hospitaliza-
tions and mortality. J Am Med Assoc 1991; 263(17):
2323–2328.

11. Roux P,  Smit M,  Weinberg EG.  Seasonal and recur-
rent intensive care unit admissions for acute severe asth-
ma in children.  S Afr Med J 1993; 83: 177–179.

12. O'Hollaren MT,  Yunginger JW,  Offord KP, et al.
Exposure to an aeroallergen as a possible precipitating
factor in respiratory arrest in young patients with asth-
ma.  N Engl J Med 1991; 324: 359–363.

13. British Thoracic Society, Research Unit of the Royal
College of Physicians of London, King's Fund Centre,
National Asthma Campaign.  Guidelines for the man-
agement of asthma in adults:  II. Acute severe asthma.
Br Med J 1990; 301:797–801.

14. NHLBI, National Asthma Education Program, Expert
Panel Report.  Guidelines for the diagnosis and man-
agement of asthma.  J Allergy Clin Immunol 1991; 88(3)2:
425–534.

15. NHLBI.  International consensus report on diagnosis and
treatment of asthma.  Eur Respir J 1992; 5: 601–641.

16. Hetzel MR, Clark TJ, Branthwaite MA.  Asthma: analy-
sis of sudden deaths and ventilatory arrests in hospital.
Br Med J 1977; 1: 808–811.

17. Turner-Warwick M.  On observing patterns of airflow
obstruction in chronic asthma.  Br J Dis Chest 1977; 71:
73–86.

18. Wasserfallen J-B, Schaller M-D, Feihl F, Perret CH.
Sudden asphyxic asthma:  a distinct entity? Am Rev Respir
Dis 1990; 142: 108–111.

19. Barriot P,  Riou B.  Prevention of fatal asthma.  Chest
1987; 92: 460–466.

20.  Molfino NA,  Nannini LJ,  Rebuck AS,  Slutsky AS.
The fatality-prone asthmatic patient.  Follow-up study
after near-fatal attacks.  Chest 1992; 101: 621–623.

21.  Rothwell RPG,  Rea HH,  Sears MR, et al.  Lessons
from the national asthma mortality study: Deaths in hos-
pital.  NZ Med J 1987; 100: 199–202.

22. Strunk RC.  Identification of the fatality-prone subject
with asthma.  J Allergy Clin Immunol 1989; 83(2):
477–484.

23.  Rea HH, Sears MR, Beaglehole R, Fenwick J.  Lessons
from the national asthma mortality study:  circumstances
surrounding death.  NZ Med J 1987; 100(816): 10–13.

24. Sears MR.  Epidemiology of Asthma. In: O'Byrne PM,
ed.  Asthma as an Inflammatory Disease.  New York,
Dekker, 1990: pp. 15–48.

25.  Pollart SM,  Chapman MD, Fiocco GP, Rose G, Platts-
Mills AE.  Epidemiology of acute asthma:  IgE anti-
bodies to common inhalant allergens as a risk factor for
emergency room visits.  J Allergy Clin Immunol 1989;
83: 875–882.

26.  Barger LW, Vollmer WM, Felt RW, Buist AS.  Further
investigation into the recent increase in asthma death
rates: a review of 41 asthma deaths in Oregon in 1982.
Ann Allergy 1988; 60: 31–39.

27.  Molfino NA, Wright SC, Katz I, et al.  Effect of low
concentrations of ozone on inhaled allergen responses
in asthmatic subjects.  Lancet 1991; 338: 199–203.

28.  Bates DV, Baker-Anderson M, Sizto R.  Asthma attack
periodicity: a study of hospital emergency visits in
Vancouver.  Environ Res 1990; 51(1): 51–70.

29.  Bates DV, Sizto R.  The Ontario Air Pollution Study:
identification of the causative agent.  Environ Health
Perspect 1989; 79: 69–72.

30.  Bates DV, Sizto R.  Relationship between air pollutant
levels and hospital admissions in southern Ontario.  Can
J Public Health 1983; 74: 117–122

31. Piccolo MC,  Perillo GME,  Ramon CG,  DiDio V.
Out-breaks of asthma attacks and meteorologic parame-
ters in Bahia Blanca, Argentina.  Ann Allergy 1988; 60:
107–110.

32.  Picado C, Castillo JA, Montserrat JM, Agusti-Vidal A.
Aspirin-intolerance as a precipitant factor of life-threat-
ening attacks of asthma requiring mechanical ventila-
tion.  Eur Respir J 1989; 2(2): 127–129.

33.  Riou B, Barriot P, Duroux P.  Fatal Asthma.  Rev Mal
Respir 1988; 5(4):  353–361.

34. Benatar SR.  Fatal Asthma.  N Engl J Med 1986; 314:
423–429.

35.  Rubinfeld AR, Pain MC.  Perception of asthma.  Lancet
1976; i: 882–884.

36.  Hudgel DW,  Weil JV.  Asthma associated with decreased
hypoxic ventilatory drive: a family study.  Arch Intern
Med 1974; 80: 623–625.

37.  Arnold AG, Lane DJ, Zapata E.  The speed of onset
and severity of acute severe asthma.  Br J Dis Chest
1982; 76: 157–163.

38.  British Thoracic Society.  Comparison of atopic and
nonatopic patients dying of asthma. Br J Dis Chest 1987;
81: 30–34.

39. Szczeklik A.  Aspirin-induced asthma as a viral disease.
Clin Allergy 1988; 18(1): 15–20.

40.  Partridge MR, Gibson GJ.  Adverse bronchial reactions
to intravenous hydrocortisone in two aspirin-sensitive
asthmatic patients.  Br Med J 1978; 1(6126): 1521–1522.

41.  Hunt LW Jr, Rosenow III EC.  Drug-induced asthma.
In: Weiss EB, Stein M, eds.  Bronchial Asthma.  3rd
edn.  Toronto, Little, Brown and Co., 1993: pp. 621–
631.

42.  Sampson HA, Mendelson L, Rosen JP.  Fatal and near-
fatal anaphylactic reactions to food in children and ado-
lescents.  N Engl J Med 1992; 327: 380–384.

43.  Drazen JM, Boushey HA, Holgate St, et al.  The patho-
genesis of severe asthma: a consensus report from the
workshop on pathogenesis.  J Allergy Clin Immunol
1991; 80 (3 pt 2): 428–437.

44.  Cockcroft DW, Killian DN, Mellon JJA, Hargreave FE.
Bronchial reactivity to inhaled histamine: a method and
clinical survey.  Clin Allergy 1977; 7: 235–243.

45.  Ernst P, Spitzer WO, Suissa S, et al.  Risk of fatal and
near-fatal asthma in relation to inhaled corticosteroid
use.  J Am Med Assoc 1992; 268: 3462–3464.

46.  Sears MR, Taylor DR, Print CG, et al.  Regular inhaled
beta-agonist treatment in bronchial asthma.  Lancet 1990;
336: 1391–1396.

47.  Spitzer WO, Suissa S, Ernst P, et al.  The use of beta-
agonists and the risk of death and near death from
asthma.  N Engl J Med 1992; 326: 501–506.

N.A. MOLFINO,  A.S. SLUTSKY988



48.  Crane J, Flatt A,  Jackson R, et al. Prescribed fenoterol
and death from asthma.  Lancet 1989; i: 917–922.

49.  Pearce N, Grainger J, Atkinson M, et al.  Case-control
study of prescribed fenoterol and death from asthma in
New Zealand.  Thorax 1990; 45(3): 170–175.

50. Grainger J, Woodman K, Pearce N, et al.  Prescribed
fenoterol and death from asthma in New Zealand,
1981–1987: a further case-control study. Thorax 1991;
46: 105–111.

51.  Page CP.  One explanation of asthma paradox: inhibi-
tion of natural anti-inflammatory mechanism by β2-ago-
nists.  Lancet 1991; 337: 717–720.

52.  Ahmed T, Garrigo J, Danta I.  Preventing bronchocon-
struction in exercise-induced asthma with inhaled heparin.
N Engl J Med 1993; 329: 90–95.

53.  Cockcroft DW, McParland CP, Britto SA, Swystun VA,
Rutherford BC.  Regular inhaled salbutamol and airway
responsiveness to allergen. Lancet 1993;   342:  833–837.

54.  Bai TR.  Abnormalities in airway smooth muscle in fatal
asthma.  Am Rev Respir Dis 1990; 141: 552–557.

55.  Bai TR,  Zhou D, Aubert JD, Lizee G, Hayashi S, Bondy
GP.  Expression of beta2-adrenergic receptor mRNA in
peripheral lung in asthma and chronic obstructive pul-
monary disease.  Am J Respir Cell Mol Biol 1993;  8:
325–333.

56. Bai TR, Mak JC, Barnes PJ.  A Comparison of beta-
adrenergic receptors and in vitro relaxant responses to
isoproterenol in asthmatic airway smooth muscle.  Am
J Respir Cell Mol Biol 1992;  6: 647–651.

57.  Hausdorff WP, Caron MG, Lefkowitz RJ.  Turning off
the signal: desensitization of beta-adrenergic receptor
function.  FASEB J 1990; 4(11): 2881–2889.

58.  Lefkowitz RJ, Hausdorff WP, Caron MG.  Role of phos-
phorylation in desensitization of beta-adrenoceptor.
Trends Pharmacol Sci 1990; 11(5): 190–194.

59.  Vathensen AS, Knox AJ, Higgins BG, Britton JR,
Tattersfield AE.  Rebound increase in bronchial respon-
siveness after treatment with inhaled terbutaline.  Lancet
1988; i: 554–558.

60.  Cheung D, Timmers MC, Zwinderman AH, Bel EH,
Dijkman JH, Sterk PJ.  Long-term effects of a long-
acting β2-adrenoreceptor agonist, salmeterol, on airway
hyperresponsiveness in patients with mild asthma. N
Engl J Med 1992;  327: 1198–1203.

61.  O'Connor BJ, Aikman SL, Barnes PJ.  Tolerance to the
nonbronchodilator effects of inhaled β2-agonists in asth-
ma.  N Engl J Med 1992; 327: 1204–1208.

62.  Green WF, Konnaris K, Woolcock AJ.  Effect of salbu-
tamol, fenoterol,  and sodium cromoglycate on the release
of heparin from sensitized human lung fragments
challenged with allergen.  Am J Respir Cell Mol Biol
1993; 8: 518–521.

63.  McFadden ER Jr, Lyons HA.  Arterial-blood gas ten-
sion in asthma.  N Engl J Med 1968; 278: 1027–1032.

64.  Roncoroni AJ,  Adrogue JHA,  De Obrutsky CW,
Marchisio ML, Herrera MR.  Metabolic acidosis in
status asthmaticus.  Respiration 1976; 33: 85–94.

65.  Mountain RD, Heffner JE, Brackett NC, Shann SA.
Acid-base disturbances in acute asthma.  Chest 1990;
98: 651–655.

66.  Permutt S.  Physiologic changes in the acute asthmatic
attack.  In: Austen KF, Lichtenstein LM, eds.  Asthma:
physiology, immunopharmacology and treatment.  New
York, Academic Press, 1973; pp. 15–27.

67.  Palmer KN, Diamant ML.  Hypoxaemia in bronchial
asthma. Lancet 1968; i: 318.

68.  Palmer KN, Diamant ML.  Effect of salbutamol on

spirometry and blood-gas tensions in bronchial asthma.
Br Med J 1969; 1: 31–32.

69.  Frumin MJ, Epstein RM, Cohen G.  Apneic oxygena-
tion in man.  Anesthesiology 1959; 20: 789–798.

70.  Clowes GHA Jr,  Hopkins AL,  Simeone FA.   Comparison
of physiological effects of hypercapnia and hypoxia in
production of cardiac arrest.  Ann Surg 1952; 142:
446–460.

71.  Collins JM, McDevitt DG, Shanks RG, Swanton JG.
The cardiotoxicity of isoprenaline during hypoxia  Br J
Pharmacol 1969; 36: 35–45.

72.  Steinhart CR, Permutt S, Gurtner GH, Traystman RJ.
Beta-adrenergic activity and cardiovascular response to
severe respiratory acidosis.  Am J Physiol 1983; 244:
H46–H54.

73.  Douglas JG, Rafferty P, Furguson RJ, Prescott RJ,
Crompton GK, Grant IWB.  Nebulised salbutamol with-
out oxygen in severe acute asthma: how effective and
how safe?  Thorax 1985; 40: 180–183.

74.  Bremner P, Woodman K, Beasley R, et al.  Hypoxaemia
increases the cardiovascular effects of fenoterol. Am
Rev Respir Dis 1991; 143(4): A648 (Abstract).

75.  Laaban JP, Iung B, Chauvet JP, Psychyos I, Proteau J.
Cardiac arrhythmias during the combined use of amino-
phylline and terbutaline in status asthmaticus.  Chest
1988; 94(3): 496–502.

76. Swenson ER, Aitken ML.  Hypokalemia occurs with
inhaled albuterol.  Am Rev Respir Dis 1985; 131: A99.

77. Martelli A, Otero C, Gil B, Gonzalez S.  Fenoterol and
serum potassium.  Lancet 1989; i: 1197.

78. Knochel JP.  Neuromuscular manifestations of electrolyte
disorders.  Am J Med 1982; 72: 521–535.

79. Hogg JC.  Varieties of airway narrowing in severe and
fatal asthma.  J Allergy Clin Immunol 1987; 80 (3 pt
2): 417–419.

80. Sur S, Crotty TB, Kephart GM, et al.  Sudden-onset
fatal asthma.  Am Rev Respir Dis 1993; 148: 713–719.

81. Pepe PE, Marini JJ.  Occult positive end-expiratory pres-
sure in mechanically-ventilated patients with airflow
obstruction: the auto-PEEP effect.  Am Rev Respir Dis
1982; 126(1): 166–170.

82. Lavietes MH, Grocela JA, Maniatis T, Potulski F, Ritter
AB, Sunderam G.  Inspiratory muscle strength in asth-
ma.  Chest 1988; 93(5): 1043–1048.

83. Weiner P, Suo J, Fernandez E, Cherniack RM.  The
effect of hyperinflation on respiratory muscle strength
and efficiency in healthy subjects and patients with
asthma. Am Rev Respir Dis 1990; 141(6): 1501–1505.

84. Wrenn K, Slovis CM, Murphy F, Greenberg RS.
Aminophylline therapy for acute bronchospastic disease
in the Emergency Room.  Arch Intern Med 1991; 115:
241–247.

85. Teale C, Morrison JF, Muers MF, Pearson SB.  Response
to nebulized ipratropium bromide and terbutaline in acute
severe asthma.  Respir Med 1992; 86: 215–218.

86. Whyte KF, Gould GA, Jeffrey AA, Airlie MA, Flenley
DC, Douglas NJ.  Dose of nebulized ipratropium bromide
in acute severe asthma.  Respir Med 1991; 85: 517–520.

87. Chapman KR, Verbeek PR, White JG, Rebuck AS.  Effect
of a short course of prednisone in the prevention of early
relapse after the Emergency Room treatment of acute
asthma.  N Engl J Med 1991; 324: 788–794.

88. Darioli R, Perret C.  Mechanical controlled hypoventi-
lation in status asthmaticus. Am Rev Respir Dis 1984;
129: 385–387.

89. Tuxen DV, Lane S.  The effects of ventilatory pattern
on hyperinflation, airway pressures, and circulation

NEAR-FATAL ASTHMA 989



in mechanical ventilation of patients with severe airflow
obstruction.  Am Rev Respir Dis 1987; 136: 872–879.

90. Menitove SM, Goldring RM.  Combined ventilator and
bicarbonate strategy in the management of status asth-
maticus.  Am J Med 1983; 94: 898–901.

91. Williams TJ, Tuxen DV, Scheinkenstel CD, Czarny D,
Bowes G.  Risk factors for morbidity in mechanically-
ventilated patients with acute severe asthma.  Am Rev
Respir Dis 1992; 146: 607–615.

92. Slutsky AS (Chairman).  Consensus conference on
mechanical ventilation, January 28–30, 1993 at Northbrook,
Illinois, USA. Intensive Care Med 1993; 19: (in press).

93. Crompton GK, Grant IW, Chapman BJ, Thomson A,
McDonald CF.  Edinburgh Emergency Asthma Admission
Service: report on 15 years' experience.  Eur J Respir
Dis 1987; 70: 266–271.

94. Beasley R, Cushley M, Holgate St.  A self-management
plan in the treatment of adult asthma. Thorax 1989; 44:
200–204.

95. Cross D, Nelson HS.  The role of the peak flow meter
in the diagnosis and management of asthma.  J Allergy
Clin Immunol 1991; 87: 120–128.

96. Stableforth DE.  Asthma mortality and physician com-
petence.  J Allergy Clin Immunol 1987; 80 (3 pt 2): 463–466.

N.A. MOLFINO,  A.S. SLUTSKY990




