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Asma como Causa de Morte
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RESUMO

Mortes causadas por asma sdo incomuns, mas, mesmo assim, respondem por cerca de 287.000 ébitos anuais mundialmente.
Embora as taxas de mortalidade por asma venham diminuindo em diversos paises, ha grande disparidade na mortalidade
por asma no mundo. A maior parte das mortes esta relacionada ao manejo clinico subétimo.

Fatores frequentemente envolvidos com asma quase fatal e fatal incluem histéria prévia de crises quase fatais, intubacao/
ventilagdo mecanica prévia, hospitalizacdo ou admissdo em UTI, falta de adesdo ao tratamento, percepcao falha de dispneia,
disturbios psicolégicos e nivel socioecondmico baixo. Na autépsia, os pulmébes de pacientes que morreram de asma estdo
geralmente hiperinflados e os bronquios maiores e menores ocluidos por muco. Os achados histolégicos incluem descola-
mento epitelial, espessamento da lamina reticularis da membrana basal, glandulas submucosas e musculo liso aumentados
e composicdo alterada da matriz extracelular nas vias aéreas grandes e pequenas. A inflamacdo bronquica é generalizada,
sendo proeminente na camada adventicia das pequenas vias.

Os mecanismos que levam a morte na asma nao estao claros. O espasmo potente da musculatura lisa e a producao excessiva
de muco parecem ser os eventos chave que culminam em morte. Uma exacerbacdo aguda pode ser mortal em pacientes
com asma mal controlada e subtratada e que tenham alteracdes estruturais nas vias aéreas pré-existentes.

Descritores: Asma/mortalidade; Asma/patologia; Asma/prevencdo & controle.

ABSTRACT

Death attributable to asthma is considered uncommon. However, worldwide, there are approximately 287,000 such deaths
every year. Although asthma mortality rates are decreasing in many countries, there is a great disparity among countries in
terms of asthma mortality in the world. Most asthma deaths are related to suboptimal disease management.

Factors frequently associated with near-fatal and fatal asthma include a previous near-fatal asthma exacerbation, previous
intubation/mechanical ventilation, asthma-related admission to the hospital or ICU, lack of treatment adherence, poor per-
ception of dyspnea, psychological disorders and low socioeconomic status. At autopsy, the lungs from patients who died of
asthma are usually hyperinflated. The large and small bronchi are occluded with mucus. Histological findings include epithe-
lial detachment, thickening of the lamina reticularis of the basement membrane, enlarged submucosal glands, greater airway
smooth muscle area, and altered extracellular matrix composition in the large and small airways. Bronchial inflammation is
present throughout, with prominent inflammation in the adventitial layer of the small airways.

The mechanisms of death from asthma remain unclear. Pronounced airway smooth muscle constriction and excessive mu-
cous discharge are likely to be key events. In patients with poorly controlled, undertreated, severe asthma, with pre-existing
structural alterations in the airways, an acute exacerbation can be deadly.
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INTRODUCTION

Fatal asthma is defined as a severe asthma ex-
acerbation resulting in death (1). Near-fatal and fatal
asthma may be seen as a continuum of a very severe
asthma exacerbation, which would likely result in fa-
tality if appropriate and timely management were not
available.

Many countries have experienced decreases in
asthma mortality in the last two decades, especially
countries where the use of inhaled corticosteroids in-
creased. Nevertheless, it was estimated that, in 2004,
asthma accounted for about 287,000 deaths yearly
worldwide (2). Data from the World Health Organi-
zation show large discrepancies in asthma mortality
among countries, the rates being lower in Europe and
North America, whereas rates are higher in Africa,
Central Asia, and Central (3).

EPIDEMIOLOGY

Although the mechanisms leading to death from
asthma have been not fully elucidated, fatal asthma is
frequently associated with suboptimal management
and delays in obtaining treatment during the final at-
tack (3).

Asthma mortality risk increases with age, and the
mortality rate is approximately 10 times higheramong
persons over 65 years of age than among those under
34 years of age (4). However, there has been inaccurate
reporting of mortality data for the older age groups,
because of confusion with other respiratory ailments
or concurrent medical conditions (5). In contrast, the
rate of false-positive asthma diagnosis is quite low for
individuals in the 5- to 34-year age bracket. Therefore,
comparisons are typically made relative to the popu-
lation of asthma sufferers with that age bracket.

Since the 1960s, there have been two epidemics
of fatal asthma. During the 1960s, asthma mortality
spiked in England, Wales, Scotland, Ireland, Norway,
New Zealand, and Australia (6-8). Between 1959 and
1966, the age-adjusted mortality rate (for 5- to 34-year
age group) rose from 0.7 to 2.2 per 100,000 popula-
tion, a threefold increase, in England and Wales (6).
This epidemic of fatal asthma was attributed to the
use of high doses of the poorly selective beta-agonist
isoprenaline (7). The increase in sales of this broncho-
dilator coincided with the increase in deaths observed
in the countries where it was sold. Countries where
highly concentrated isoprenaline was not available
during that decade—the United States and West Ger-
many—were spared (7). However, there is controversy
over this claim, and other factors have been proposed
as contributors to the increased deaths, such as un-
dertreatment of asthma and increased prevalence or
increased severity of the disease (9,10).

A second epidemic was observed in New Zea-
land in the second half of the 1970s. The age-adjusted
asthma mortality rate in New Zealand was 1.4/100,000
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population in 1975 and rose to 4.1/100,000 popula-
tionin 1979 (11). The increase in asthma mortality was
attributed to the use of fenoterol (12). As safety warn-
ings were issued and fenoterol sales dropped, the
number of asthma deaths in the country also fell (13).

Since the late 1980s, there has been a consistent
reduction in asthma mortality in many countries (14).
Improved management of asthma is the most likely
reason for this reduction, because the use of inhaled
corticosteroid therapy is associated with a reduced
risk of death from asthma (15,16) and the use of this
medication has been associated with decreased asth-
ma mortality in various countries (17,18).

FACTORS ASSOCIATED WITH NEAR-FATAL AND
FATAL ASTHMA

Many factors associated with near-fatal and fatal
exacerbations of asthma have been identified (Chart
1). The risk factors most often implicated in near-fatal
asthma or fatal asthma include a history of mechani-
cal ventilation, as well as admission to the hospital or
ICU for an asthma attack (19-21).

Chart 1 - Risk factors for near-fatal and fatal asthma.

Previous near-fatal asthma exacerbation

Previous intubation and mechanical ventilation for asthma
Previous ICU admission for asthma

Previous hospital admission for asthma

Lack of adherence to asthma treatment

Poor perception of dyspnea

Psychological problems and psychiatric diseases

Low socioeconomic status

Allergen exposure (Alternaria, soybean)

Intolerance to aspirin and nonsteroidal anti-inflamma-
tory drugs

Smoking

Concern about the safety of long-acting 3, ago-
nist therapy was raised in the 1990s when asthma-
related death was found to be three times more likely
among patients taking salmeterol than among those
taking albuterol, despite the fact that the difference
was not statistically significant (22). The Salmeterol
Multicenter Asthma Research Trial (SMART) demon-
strated a fourfold increase in asthma deaths associ-
ated with salmeterol use (23). A post hoc analysis
suggested the risk was related to the lack of use of
inhaled corticosteroids, which was also less common
among African-Americans. This prompted the United
States Food and Drug Administration to issue a pub-
lic health advisory in 2005 stating that long-acting 3,
agonists can “increase the chance of severe asthma
episodes and death when such episodes occur” (24).
A second safety warning, issued in 2010, stated the
ongoing concern regarding the safety of long-acting
[, agonists (25). Various meta-analyses provided evi-
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dence that the combination of inhaled corticosteroids
and long-acting 3, agonists can be used safely (26-28),
which conforms to the recommendations of current
asthma treatment guidelines (29,30).

Many factors related to treatment adherence
have been identified in cases of near-fatal and fatal
asthma. Such factors include the underuse of inhaled
corticosteroids (20,31) and delay in initiating oral cor-
ticosteroids during an acute attack (20). Lack of ap-
propriate medical care (32), limited use of primary
care services (33), and failure to keep appointments
(34) have also been identified in affected individuals.
It has been also suggested that a blunted perception
of dyspnea can predispose some asthma sufferers to
a life-threatening attack. (35).

Adverse psychological factors have also been
associated with near-fatal and fatal asthma. These
include having been diagnosed with a psychiatric
disorder, most commonly depression or a behav-
ioral disorder, especially denial (36). However, in
one systematic review of psychological risk factors
associated with near-fatal and fatal asthma, it was
not possible to conclude that such factors increased
the risk of near-fatal asthma/fatal asthma, because
of a lack of consistency across studies, in terms of
the methodology employed in the psychological as-
sessments (37).

Patients of lower socioeconomic status seem to
be atincreased risk of death from asthma (38). This as-
sociation might be related to limited access to health
care services and lower compliance with prescribed
treatment regimens.

Intolerance to aspirin and nonsteroidal anti-in-
flammatory drugs can cause severe asthma exacerba-
tions (39). Aspirin intolerance has been shown to be
more common among patients with a history of near-
fatal asthma attacks than among those without (40).
In one study, Alternaria sensitivity was identified as a
major risk factor for near-fatal asthma (41). In another
investigation, high levels of exposure to mold spores
were associated with an increased risk of death from
asthma (42).

Smoking has been associated with near-fatal
asthma and fatal asthma in some studies (32,43).
However a systematic review (21) did not find a sig-
nificant association between smoking and near-fatal
asthma/fatal asthma.

PATHOLOGICAL ASPECTS OF FATAL ASTHMA

The lungs of patients that have died from asthma
are hyperinflated and might not collapse when the
chest cavity is opened at autopsy. The atelectatic ar-
eas observed on the pleural surface represent areas
of collapse distal to bronchial obstruction by mucous
plugs. Lung sections typically show occlusion of the
larger and smaller bronchi by tenacious mucus or
mucous plugs (Figure 1).
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Figure 1 - Cross-section of a large, cartilaginous bronchus. The lumen
is filled with a viscous mucous plug.

Scale bar=0.5 cm.

Luminal obstruction by exudates composed of mu-
cus and cells is a major contributing cause to a fatal event
in most asthma patients. In cases of fatal asthma, Aikawa
et al. reported an increase in the mucus occupying ra-
tio, especially in the peripheral airways (44). The analy-
sis of the mucus of a single patient that died of asthma
showed a high mucin content, with proteins of extreme
size and low charge density, which could explain the so-
lidity of the plugs observed in status asthmaticus (45).

In fatal asthma, there is extensive sloughing of
the epithelium to the airway lumen. Epithelial detach-
ment can have deleterious consequences, such as in-
creased exposure of the mucosal nerve endings to ir-
ritant factors, enhanced penetration of allergens, and
reduced mucociliary clearance (44,46). In addition, the
epithelial disruption observed in fatal asthma can lead
to greater retention of mucus through impairment of
mucociliary clearance, and the inflammatory cell de-
bris can impair clearance by increasing mucus viscos-
ity (47). Histological samples of large airways in fatal
asthma are shown in Figures 2 and 3.

attack, showing a mucous plug within the airway lumen, epithelial
folding, and thickened ASM layer.

Hematoxylin and eosin staining. Ep, epithelium; and M, mucus. Scale bar = 500 pm.



attack, showing epithelial damage and basement membrane thicke-
ning. The lamina propria is thickened with abundant inflammation, as
is the ASM layer.
Hematoxylin and eosin staining. BM, basement membrane; Ep, epithelium.
Scale bar =50 pm.

Submucosal glands are enlarged in patients with
asthma, contributing to a hypersecretory state (48). In
cases of fatal asthma, there is a disproportionate in-
crease in smooth muscle actin in the myoepithelial
cells of the bronchial mucous glands, which could be at
least partially responsible for the abundant mucous dis-
charge that is characteristic of a fatal asthma attack (49).

Hyaline thickening of the basement membrane
has been described in cases of fatal asthma (50). In
such cases, there is thickening of the subepithelial
lamina reticularis that underlies the true basal lamina
of the bronchial epithelium, and this is therefore re-
ferred to as pseudo-thickening (46). This thickening is
caused by the deposition of several extracellular ma-
trix components. There have been no studies compar-
ing the varying degrees of asthma severity in terms of
basement membrane thickening. Due to its constant
accessibility in bronchial biopsies, this airway compart-
ment has been used as a marker of remodeling (46).

An increase in airway smooth muscle (ASM) area is
the structural change that most consistently correlates
with parameters of obstruction and disease severity. In
addition, the role of the ASM as an immunomodulator,
like that of the airway epithelium, has received consid-
erable attention in recent years (46,51).

Patients with asthma have proportionally greater
ASM area than do those without asthma and those
with COPD (52). The increased ASM area observed
in cases of fatal asthma is due to hyperplasia, hyper-
trophy, or increased extracellular matrix deposition
(53,54). It occurs throughout the tracheobronchial tree
and is the major contributor to the increased area of
the inner airway wall in asthma (55).

An increase in the quantity of elastic fibers and
fibronectin within the ASM has been described in the
large airways of patients with fatal asthma and might
contribute to altered muscle mechanics. In addition, an
increase in the expression of matrix metalloproteinases
9 and 12 by ASM cells shows that the ASM participates
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in the remodeling process in asthma (56). James et al.
analyzed the stereological properties of ASM thickness
in a large number of autopsies and concluded that the
ASM layers were thickest in the most severe cases of
asthma (57). It is of note that neither ASM thickness nor
the degree of ASM hyperplasia/hypertrophy was found
to correlate with patient age or disease duration, sug-
gesting that the structural alterations in the ASM layer
occur early in the course of asthma (57).

The outer layer of the small airways is intimately
connected to the alveolar parenchyma by the alveo-
lar attachments. The elastic load provided by the lung
parenchyma is transmitted to the airways through the
alveolar attachments, resulting in a mechanical inter-
dependence between airways and parenchyma. Stud-
ies on fatal asthma tissue have provided important
information about this compartment. The quantity of
altered alveolar attachments is increased in fatal asth-
ma, and that increase is accompanied by a decrease in
the number of elastic fibers and in the proteoglycans
decorin/lumican, as well as by an increase in collagen
type lll content in the outer walls (58-60). These struc-
tural alterations could impair the tethering forces and
could explain some functional abnormalities, such as
the loss of the bronchodilator effect of deep breath-
ing in spontaneous bronchoconstrictive episodes, the
loss of elastic recoil, and the increased airway closure
described in cases of severe asthma.

In fatal asthma, there is a marked congestion of
the bronchial blood vessels. Two separate studies re-
vealed that the larger blood vessels occupy a greater
area in cases of fatal asthma than in other cases of
asthma and control cases, although the total number
of vessels was not increased (52,61).

Various studies have assessed the quantity and
extent of inflammation in fatal asthma. Such studies
have contributed to the notion that inflammation in
asthma extends to the distal lung and to the upper re-
spiratory tract (62-64). Inflammatory (and structural)
alterations at this level could influence the mecha-
nisms of airway parenchyma interdependence and
could alter small airway function.

Innate immune stimuli, such as exposure to virus-
es or air pollution, might be involved in the pathogen-
esis of asthma exacerbations. Fregonese et al. found
that the expression of the anaphylatoxin receptors
C3ar and C5ar was higher in lung tissue obtained from
patients who died from a fatal asthma attack than
in biopsy samples obtained from patients with mild
asthma and from controls, suggesting that triggers
that activate the complement system are involved in
the mechanisms of a fatal asthma attack (65).

A distinct phenotype of fatal asthma, related to
the time of onset of the last crisis, has been recog-
nized. Patients that died shortly after the onset of the
attack (within the first 2-3 h) presented more neutro-
phils than eosinophils in the large and small airways
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(66). Faul et al. studied five cases of sudden death
from asphyxia during an asthma attack (< 1 h after the
onset of the attack) and showed that all five patients
had a high proportion of CD8+ T cells in the airways
(64). Sudden-onset asthma attacks are most often
triggered by nonsteroidal anti-inflammatory drugs
and inhalation of fumes, whereas slow-onset asthma
attacks are most often associated with suspected re-
spiratory infections (1).

Viral infections are likely to be implicated in near-
fatal/fatal asthma exacerbations. However, previous
studies of tissue samples obtained from patients who
died from a fatal asthma attack have shown that the
levels of respiratory virus nucleic acids did not differ
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