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Purpose of review

The aims of the present review were to describe the heterogeneous nature of near-fatal asthma (NFA) and
to summarize the distinctive phenotypes identified in this subtype of asthma.

Recent findings

Clinical, physiological, and histological studies have shown a large number of triggers, pathological
mechanisms, and risk factors associated with NFA. Based on the demographic and clinical characteristics
of the patients, the circumstances surrounding the asthma exacerbation and some distinctive features of the
disease, several clinical profiles of asthma patients with NFA have been described. Recent data show new
associations between some gene expression patterns and fatal asthma, as well as with some biological
markers related to inflammatory or immunologic mechanisms in the airways. Also, the use of statistical
methods, such as cluster analysis, allowed identifying and confirming different phenotypes of life-
threatening asthma patients.

Summary

NFA is a heterogeneous clinical entity, in which different patients’ clinical profiles may coexist [e.g. rapid-
onset NFA, NFA in patients with dyspnea hypoperception or sensitized to certain pneumoallergens
(Alternaria alternata, soybean), NFA related to the menstrual cycle, brittle asthma]. Knowledge of these
phenotypes as well as adequate and specific management strategies can reduce morbidity and mortality in
patients suffering from NFA.
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INTRODUCTION

In special circumstances asthma may be a life-
threatening disease. WHO statistics showed that
in 2005, 225 000 people worldwide died as a result
of their asthma [1], rising to 428 000 annual deaths
by 2030 [2]. These patients dying of asthma and
those with severe asthma exacerbation episodes at
risk of death suffer in fact from the same type of
asthma, a condition called near-fatal asthma (NFA),
life-threatening asthma, or critical asthma syn-
drome [3–5]. Although a formal unique definition
of NFA is lacking, criteria used for the identification
of these types of exacerbations usually include some
of the following events: dyspnea that prevents
speech, decreased level of consciousness, hypercap-
nia (in general, PaCO2>45–50 mmHg), admission
to an ICU, respiratory or cardiopulmonary arrest,
orotracheal intubation, and mechanical ventilation.
In some cases, other patients have been included in
this category, such as those with history or two
or more episodes of pneumothorax or pneumome-
diastinum as a complication of an acute severe
asthma attack, patients with two or more hospital
admissions for asthma despite treatment with
© 2017 Wolters Kluwer 
systemic glucocorticoids, and asthma exacerbations
with acidosis.

Despite the fact that some authors have
described NFA as a single phenotype [6], numerous
clinical, physiological, and histopathological stud-
ies [7–14] allowed distinguishing different profiles
of patients with NFA based on demographic charac-
teristics, triggers of asthma attacks, pathogenesis of
the disease or comorbidities, and clinical presen-
tation of exacerbations. Recently, as in other less
severe forms of the disease [15], some studies
[16

&

,17] have confirmed the heterogeneity of this
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KEY POINTS

� Asthma continues to be an avoidable cause of death,
especially in young asthmatics.

� Like other less severe forms of asthma, NFA is a very
heterogeneous disease that includes different
patient profiles.

� There are multiple demographic, clinical, physiological,
biological, and histological factors that have allowed
recognizing different NFA phenotypes. Recent studies
using cluster analysis reaffirm that some of these
phenotypes exist.

� Adequate therapeutic management of asthma and
some specific preventive strategies can reduce
morbidity and mortality of NFA.
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type of asthma using statistical methods such as
cluster analysis. The present review summarizes
the main findings of studies examining the nature
of NFA, especially the most recent data, and
describes the different phenotypes that have been
identified in this subtype of asthma. Knowledge and
identification of their particular features have been
crucial to design specific prophylactic strategies to
prevent further exacerbations [18]. Of note, it
should be remembered that increasing the efficacy
in the therapeutic management of NFA literally
means to save lives and to avoid severe sequelae [19].
ASTHMA HETEROGEITY

The Global Initiative of Asthma (GINA) currently
defines asthma as a heterogeneous disease usually
characterized by chronic airway inflammation [20].
The term ‘asthma’ includes a variety of clinical
symptoms, such as dyspnea, cough, or wheezing
in patients with variable airflow limitation or bron-
chial hyperresponsiveness. According to different
demographic, clinical, and functional character-
istics, patients with asthma can be grouped into
different clinical profiles, the so-called phenotypes
[21]. On the other hand, there are different types of
asthma according to etiological and physiopatho-
logical mechanisms of the disease, the so-called
endotypes [22]. Therefore, the current concept of
asthma should be understood as a syndrome that
encompasses different entities, with some similar
clinical and functional manifestations, but with
distinct causes and pathogenetic mechanisms
[23

&&

]. Coinciding with this ‘new’ approach to
asthma, intense research activity focused on the
characterization of severe asthma and the identifi-
cation of different phenotypes [24] including NFA
[6] has been maintained for more than 1 decade with
 Copyright © 2017 Wolters Kluwe

1528-4050 Copyright � 2017 Wolters Kluwer Health, Inc. All rights rese
different programs both in the United States (Severe
Asthma Research Program) and Europe [European
Network For Understanding Mechanisms Of Severe
Asthma (ENFUMOSA), Longitudinal Assessment of
Clinical Course and BIOmarkers in Severe Chronic
AIRway Disease, and Unbiased Biomarkers for the
Prediction of Respiratory Disease Outcome].

In relation to the severity of asthma, severe
asthma and NFA are not synonymous.

Although episodes of NFA (and asthma-related
deaths) are more common in patients with severe
asthma, patients with mild and moderate asthma can
also suffer from NFA. The Estudio del Asma Grave en
Latinoamérica y España (EAGLE) project, a case-con-
trol study in which 2593 clinical records of asthma
patients with an exacerbation episode requiring hos-
pitalization were analyzed, showed that 4.9% of
patients with mild–moderate asthma required ICU
admission, 2.1% intubation and mechanical venti-
lation, 1.3% had cardiopulmonary arrest, and 0.4%
died during hospital admission [25].
FATAL AND NEAR-FATAL ASTHMA

Death from asthma has been known to occur since
its original descriptions in ancient times [26]. In the
second century CE, the Greek physician Aretaeus of
Cappadocia who studied in Alexandria and prac-
ticed in Rome is credited with an accurate descrip-
tion of the paroxysm of asthma and emphasized
that the patient could die if the symptoms persist.
Much more recently, since the mid-XX century, the
characteristics of patients who have died of asthma
(fatal asthma) have been described in detail. Initial
studies focused on establishing the clinical profile of
these asthma patients and the circumstances sur-
rounding death [27]. Subsequent studies aimed to
investigate the characteristics of patients suffering
from asthma attacks severe enough to put their live
at risk (NFA). Similarities between both subgroups of
patients lead to conclude that they had the same
type of asthma, distinguished only by differences in
the stages of the exacerbation episode [3,4].

Some characteristics of the patients or the
asthma disease may be risk factors for NFA, includ-
ing history of ICU admission because of asthma
exacerbation and the need of mechanical venti-
lation [28] or previous treatment with oral steroids.
A greater blood gases impairment (hypercapnia and
acidosis) and the presence of pulmonary hyperinsu-
flation on admission are also circumstances associ-
ated with NFA, which should be considered by
attending physicians in the emergency department.

Family history of fatal asthma is another factor
that should be considered at the time of evaluating
the risk for NFA in a patient with asthma. Teerlink
r Health, Inc. All rights reserved.
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et al. [29] examined evidence for a heritable com-
ponent to asthma mortality using a unique data
resource consisting of death certificates linked to
the genealogical database Utah Population Data-
base. They analyzed 1553 individuals whose death
certificate listed asthma as a cause of death in a
registry of all Utah deaths since 1904. According to
the genealogical index of familiality, the relative
risk of dying of asthma was 1.60 in first-degree
relatives of cases and 1.34 in second-degree
relatives.

In Western countries, asthma-related mortality
is currently restricted to low rates. However, in
young asthmatics, uncontrolled asthma continues
to be an avoidable cause of sudden death. In a recent
nationwide study in Denmark [30

&

], through the
review of death certificates, 625 sudden unexpected
death cases in individuals 1–35 years from 2000 to
2006 were found. Of those, 49 persons with uncon-
trolled asthma were identified. Symptoms prior to
death were reported in 84% of these cases, although
only 57% of patients sought medical care [30

&

].
According to a nation United Kingdom database
analysis, between 2000 and 2005, the mortality rate
was 1063 from 250 043 asthma admissions (0.43%)
[31]. More recently, the National Review of Asthma
Deaths published in 2014 a confidential enquiry
report in which the characteristics of the 195 per-
sons who died from asthma in the United Kingdom
during 1 year (between 2012 and 2013) and the
circumstances related to death were described in
detail [32

&&

]. Nearly half (41%) died at home, one-
quarter (23%) on the way to hospital, and one-third
(30%) in hospital. In children, 80% of those under
10 years and 72% of those aged 10–19 years died
before they reached hospital. During the final
asthma attack, 45% of people died without seeking
medical assistance or before emergency medical care
could be provided, and exacerbation factors or trig-
gers were recorded in only 51% of cases.

In Spain, some promising data from a multi-
center study [33] showed a progressive reduction
in the incidence of NFA episodes between late
1990s and early 2000s. Nevertheless, NFA has not
been eradicated. A recent retrospective review of all
admissions because of asthma exacerbation in a
single hospital recorded 400 NFA episodes between
2000 and 2010, with a mortality rate of 3.1%. In this
particular study [34], no signs of a decreasing trend
for the decade analyzed were found.
NEAR-FATAL ASTHMA PHENOTYPES

Observations of the initial clinical studies of NFA
revealed that risk factors for this type of asthma were
numerous and very heterogeneous. Together with
 Copyright © 2017 Wolters Kluwer 
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distinctive clinical, functional, and therapeutic vari-
ables, these risk factors include dissimilar variables,
such as education, psychological, social, and
economic factors [7,35]. Thus, different subgroups
of NFA have been described according to the rap-
idity of onset of exacerbations [8,9,36–38] or the
presence of some functional or psychological alter-
ations, such as a decreased perception of dyspnea or
anomalies in the ventilatory response to hypoxemia
and hypercapnia [10,11]. Recently, NFA has also
been related with patterns of gene expression (tran-
scriptomic endotypes of asthma) in the sputum and
blood, and some biological mechanisms of inflam-
matory or immunological type [39

&

]. In patients
with fatal asthma, increased release of mediators
of acute airway inflammation by lymphocytes
present in lung tissue, like granule-secreted enzymes
(granzymes) and perforins has been observed
[40,41]. Also, increased expression of the proinflam-
matory cytokine IL-8 and its receptor, and CD8(þ) T
cells in lung tissue from patients who died of fatal
asthma has been reported [42]. Additionally,
increased expression of Toll-like receptors and thy-
mic stromal lymphopoietin may contribute to the
acute inflammation in fatal asthma patients [43].

Phenotypes of NFA can be classified according to
the characteristics of patients, asthma disease itself,
and exacerbations.
Near-fatal asthma phenotypes according to
the characteristics of patients
Age and sex

In young men, NFA attacks of sudden onset (1–3 h)
such as those elicited by exposure to aeroallergens
are frequent. These patients do not always suffer
from particularly severe asthma, and recovery is
usually rapid [44]. Among older patients, however,
deaths are more common in women [4]. On the
other hand, in young women, a strong relationship
between the menstrual rhythm during childbearing
age and the development of NFA attacks has been
observed [45].
Altered perception of dyspnea

Some patients with asthma have an altered percep-
tion of dyspnea in the presence of increased airflow
resistance [10]. Reduced chemosensitivity to
hypoxia and hypercapnia and blunted perception
of dyspnea may predispose patients to fatal asthma
attacks [11]. Altered perception of symptoms may
explain a delay in seeking medical care as a feature of
the final event in a high percentage of asthma
deaths in NFA cases [4].
Health, Inc. All rights reserved.
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Psychological factors and psychiatric
comorbidity

Denial of illness together with depression, anxiety,
and alexithymia (a personality trait defined by the
difficulty to identify, distinguish, and describe
emotions and bodily sensations such as dyspnea)
are especially frequent in patients with NFA
[10,12,13,46]. Psychiatric disorders may contribute
to the development of asthma exacerbations
altering the behavior of patients regarding their
disease and/or affecting the perception or recog-
nition of certain symptoms [10], which greatly hin-
ders the therapeutic management of asthma in
these patients.

Poor adherence to treatment

Several studies [6,7,16
&

,29,47] have shown a sur-
prisingly lack of adequacy of treatment to clinical
practice guidelines on asthma management in
patients with NFA. Although occasionally this fact
may be attributable to healthcare professionals
taking care of the patients, it is frequently related
to the patients’ poor adherence to anti-inflamma-
tory treatment. In the ENFUMOSA cohort [6], of
the 24 patients with an NFA episode in the
previous 5 years, only 37.5% received inhaled
corticosteroids (ICS). Moreover, 58.8% of patients
treated with long-acting b2-adrenergic agonists
were not receiving ICS simultaneously. In the
National Review of Asthma Deaths report [32

&&

]
from the United Kingdom, although 86% of
patients had ICS inhalers prescribed at the time
of death, either as stand alone or in combination,
38% were known to have been issued fewer than
four inhalers and 80% with fewer than 12 pre-
venter inhalers in the previous year. By contrast,
with respect to short-acting b2-adrenergic ago-
nists, 39% had been prescribed more than 12
short-acting reliever inhalers in the year before
they died, whereas 6 (4%) had been prescribed
more than 50 reliever inhalers. On the contrary,
appropriate asthma treatment improves prognosis
and the future clinical course of NFA. In the study
of Rodrı́guez-Trigo et al. [19], 53 patients who had
experienced a near-fatal attack of asthma were
treated according to the GINA guidelines and fol-
lowed for a mean of 49 months (intervention
group). They were compared with 40 NFA patients
who had not been managed according to the GINA
guidelines and who were followed for a mean of 51
months (historic control group). Statistically sig-
nificant reductions were found in the mortality
rate (0 vs. 15%), number of new NFA attacks (89%
reduction), and need for new hospital admissions
for asthma (85% reduction) in favor of the
intervention group.
 Copyright © 2017 Wolters Kluwe
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Near-fatal asthma phenotypes according to
the characteristics of asthma
Asthma severity

Patients with NFA usually show a prior history of
numerous emergency and hospital admissions for
asthma attacks, including the need for mechanical
ventilation [7,35,36,48]. It is also common that
many patients receive intense antiasthma treat-
ments, with many drugs and at high doses
[16

&

,47,48]. However, it should be noted that
NFA is not exclusive of severe asthma and that
patients with moderate, mild, or intermittent
asthma can also have this type of exacerbations
[16

&

,17,25,36,48].

Pulmonary function

NFA has been related to two circumstances regard-
ing pulmonary function of the patients. First, a great
lability of spirometric values (the so-called brittle
asthma) is common among asthmatics [49]. More-
over, it has been associated with the presence of an
intense bronchial hyperresponsiveness [50].

Etiopathogenetic mechanisms of asthma

Asthma patients with NSAID intolerance may
develop extremely severe exacerbations when
treated with these drugs [14,51]. NSAID hypersensi-
tivity or aspirin-exacerbated respiratory disease has
unique pathophysiological features [52] with dis-
tinct clinical presentation and has been proposed
as a real endotype of asthma [22]. It has been esti-
mated that 15% of severe asthmatics are aspirin
sensitive, a double prevalence than in the remaining
asthmatics. In some clinical series, up to 14% of
sudden onset NFA episodes have been attributed to
the ingestion of these drugs [36].
Near-fatal asthma phenotypes according to
the characteristics of the exacerbation
Asthma triggers

NFA attacks can be triggered by many possible fac-
tors, including exposure to different allergens, such
as soybean and castor bean seeds, fungi such as
Alternaria alternata, and some foods. Outbreaks of
asthma in Barcelona during the 1980s were caused
by the inhalation of soybean dust released to the
atmosphere during the unloading of soybean in the
city harbor [53]. Between 1981 and 1987, 26 out-
breaks of asthma were detected, with 687 patients
affected and causing 1155 admissions to the emer-
gency services, with 11.9% of patients requiring
admission to the ICU and 8.5% requiring
r Health, Inc. All rights reserved.
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mechanical ventilation. The epidemic attacks of
asthma had characteristic features, namely, a sud-
den onset, an often greater than usual severity, and
rapid recovery [44]. Installing filters on silos to
prevent airborne dissemination of allergenic soy-
bean particles eliminated outbreaks of asthma
caused by inhalation of the dust [18].

Exposure to airborne spores of the common
mold A. alternate has been implicated as a possible
trigger of life-threatening asthma attacks in young
patients [54]. As in the case of soybean-related
asthma outbreaks, asthmatics sensitized to this fun-
gus typically have a faster recovery after attacks.
However, they can also die or develop severe neuro-
logical sequelae in a greater proportion (15%) than
the remaining patients with NFA [55].

Rapidity of onset of asthma attack

Rapidity of onset of NFA attacks allows distinguish-
ing a rapid-onset asthma attack developing in an
interval between 1 and 3 h, and a slow-onset asthma
attack developing more gradually over the course of
days or weeks. The proportion of each type of
exacerbation varies largely across the different stud-
ies, in part because of differences in the definitions
of both NFA and sudden crisis used by the authors.
Overall, rapid-onset asthma attacks account for 8–
29% of cases [36,56,57], but the percentage may
reach up to 58% of asthma crises in clinical series
of fatal asthma [58]. Table 1 shows differences
between rapid-onset and slow-onset NFA [8,36–
38,44,56,59,60].
 Copyright © 2017 Wolters Kluwer 

Table 1. Differential characteristics between rapid-onset and slow

Rapid-onset NFA

Characteristics of patients More frequent in young males

Triggers Respiratory allergens

Environmental pollutants

Emotional stress

NSAID intake

Clinical differences Higher hypercapnia and acidosis
Absence of lung sounds
Generally a more rapid recovery

Histological findings Airway permeability

Greater tightening of the muscular layer

Neutrophils exceed eosinophils in the air

Higher proportion of mast cell degranula

NFA, near-fatal asthma.

32 www.co-allergy.com
CLUSTER ANALYSIS OF NEAR-FATAL
ASTHMA PHENOTYPES

In recent years, different statistical techniques have
been extensively used to discriminate mathemat-
ically different subgroups of asthma patients
[15,61,62]. These methods (such as cluster analysis
or latent class analysis) use grouping algorithms of
patients based on the variables analyzed, and have
the theoretical advantage of being ‘unbiased’ at the
time of selecting demographic, therapeutic, func-
tional, or histological characteristics, among others,
that may define the different asthma phenotypes.

In the case of NFA, results of two multicenter
studies using cluster analysis for the identification
and characterization of NFA phenotypes have been
recently published. In the first study, the Spanish
High Risk Asthma Research Group [16

&

] performed a
cluster analysis using two-steps algorithm from data
of 84 asthmatics admitted for an episode of NFA.
The analysis defined three clusters of patients with
NFA: cluster 1, the largest, including older patients
with clinical and therapeutic criteria of severe
asthma; cluster 2, with a high proportion of respir-
atory arrest (68%), impaired consciousness level
(82%), and mechanical ventilation (93%); and clus-
ter 3, which included younger patients, character-
ized by a more frequent sensitization to A. alternata
and soybean (26%) but a lower use of ICS (30%) as
compared with the remaining clusters. In summary,
results of this study showed factors related to a
higher degree of intrinsic asthma severity in clusters
1 and 2. Consequently, the characteristics of clusters
Health, Inc. All rights reserved.

-onset near-fatal asthma

Slow-onset NFA

More frequent in women

Respiratory tract infections

Higher number of previous emergency room
visits and hospital admissions

Mucous plugs

Lung hyperinsuflation

ways submucosa Loss of airway epithelial layer

tion Mucous gland hyperplasia

Eosinophils exceed neutrophils in the airways
submucosa

Volume 17 � Number 1 � February 2017



Table 2. Main characteristics of near-fatal asthma phenotypes identified by cluster analysis

Cluster 1 Cluster 2 Cluster 3

Patient characteristics Older Frequently current smokers Younger

More frequent female Frequent psychiatric comorbidity More frequent male

Lowest level of education Frequently current smokers

Frequent psychiatric comorbidity

Asthma characteristics Late onset
Very frequent severe persistent

asthma
Frequent regular medical care
Very frequent past hospitalization

for asthma

Intermediate position between clusters
1 and 3

Early onset
Very infrequent regular

medical care

Allergic and functional
characteristics

At least one positive skin-prick
test: 42%

At least one positive skin-prick test:
71%

At least one positive skin-
prick test: 78%

Sensitized to Alternaria alternata
or soybean: 6%

Sensitized to Alternaria alternata or
soybean: 7%

Sensitized to Alternaria
alternata or soybean:
26%

FEV1 mean (SD): 69% (25) FEV1 mean (SD): 82% (19) FEV1 mean (SD): 81% (26)

Therapeutic characteristics ICS: 91% ICS: 50% ICS: 30%

Oral corticosteroids: 21%

NFA attack characteristics Longer hospitalization Frequent impaired consciousness
level and respiratory arrest

Shorter hospitalization

Very frequent mechanical ventilation
required

Highest hipercapnia

FEV1, forced expiratory volume in 1 s, expressed as percentage of reference value; ICS, inhaled corticosteroids; NFA, near-fatal asthma.
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1 and 2 may be view as indicators of a higher risk for
NFA. Of note, inadequate asthma management is a
differentiating feature of cluster 3, which reinforces
that adequate asthma treatment is a key factor for
the prevention of NFA.

In the second study, carried out by Sekiya et al.
[17] in Japan, 175 life-threatening asthma exacer-
bations were analyzed, and five clusters of patients
were defined: younger-onset asthma with severe
baseline asthma symptoms; female-predominant
elderly asthma; allergic asthma without baseline
ICS treatment; male-predominant chronic obstruc-
tive pulmonary disease-overlapped elderly asthma;
and asthma with almost no baseline symptoms.

Therefore, the results of both studies confirm
some of the findings previously obtained in clinical
studies, including the high percentage of patients
meeting criteria of very severe asthma and history of
frequent exacerbations, although NFA can also
develop in asthmatics with a previously mild disease
or a very few symptoms. These studies also reaffirm
the relationship between NFA and sensitization to
some allergens, and finally, highlight the dramatic
influence of an inappropriate asthma treatment in
patients with NFA.
 Copyright © 2017 Wolters Kluwe
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The main characteristics of NFA phenotypes
shown by cluster analysis are summarized in Table 2.
CONCLUSION

Exacerbation episodes of NFA occur in very different
circumstances, favored by many risk factors and by a
considerable number of physiopathological mech-
anisms. Numerous clinical, physiological, genetic,
immunological, histopathological, and statistical
studies have confirmed the existence of different
phenotypes in patients suffering from this modality
of very severe asthma. Fortunately, adequate treat-
ment of the disease following the recommendations
of clinical practice guidelines, and implementation
of specific preventive strategies have demonstrated
that it is possible to reduce the morbidity and
mortality of NFA.
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