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Clinical and Summary

. Background Near-fatal asthma (NFA) is characterized by severe asthma attacks usually
EXpe rrmen ta I requiring intensive care unit admission. This phenotype of asthma has been studied mainly
AI I ergy in acute conditi'ons. . . '

Methods The aim of our study was to compare the clinical, functional and inflammatory
characteristics of NFA patients with mild to severe asthmatics in stable conditions. We
recruited 155 asthmatic patients from five centres of the European Network for Understanding
Mechanisms of Severe Asthma: 67 patients with mild-to-moderate asthma controlled by low/
medium doses of inhaled corticosteroids; 64 with severe asthma that, despite treatment with
high doses of inhaled corticosteroids, long-acting ,-agonists and for 1/3 also with regular
oral corticosteroids, had at least one asthma exacerbation in the previous year; 24 with an
NFA episode in the previous 5 years in the absence of inclusion criteria for the previous
groups. All the patients were examined in stable conditions.

Results NFA patients were taking less corticosteroids and were less compliant to prescribed
asthma medications than the other two groups of patients. Lung function, blood gases, atopic
status, sputum and blood inflammatory cell count of NFA patients were similar to mild-to-
moderate, but not severe, asthmatic patients.

Conclusions In stable conditions patients with an NFA attack in the previous 5 years cannot be
Correspondence: distinguished from patients with mild-to-moderate asthma, while they are different from
Alberto Papi, Respiratory Medicine and ~ severe asthmatics both in terms of lung function and of airway inflammation. The risk factor
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Introduction asthma, most of these patients have slow-onset NFA and,

on average, no more than one-third of the patients has
rapid onset NFA [4, 5].

There have been no large-scale prospective multi-
centre studies in unselected clinical populations to define
the incidence of NFA and its relationship to severe
persistent asthma and fatal asthma [1]. The long-term
prognosis after an NFA episode depends in part on how
such event is defined, but appears to be poor [3].

Several retrospective, mainly case-control, studies
have identified multiple risk factors for NFA [2, 6-15],
but these patients have never been fully characterized
when in stable condition.

A report from the European Network for Understanding
*Deceased. Mechanisms of Severe Asthma (ENFUMOSA) indicates

Near-fatal asthma (NFA) represents the most severe clin-
ical phenotype of asthma, outside of fatal asthma [1-3].
There are no universally agreed diagnostic criteria for
NFA [1]. NFA is usually defined by the appearance of
various events such as cardiorespiratory arrest, hypercap-
nia, acidemia, the need for orotracheal intubation and
mechanical ventilation, or admission to an intensive care
unit [4, 5]. However, an episode of hypercapnia occurs
10-20 times more frequently than the need for orotracheal
intubation and mechanical ventilation and does not
necessarily imply a poor prognosis [3]. Similar to fatal
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that patients with severe persistent asthma, characterized
by at least one asthma exacerbation in the last year
despite treatment with high dose inhaled corticosteroid
associated with long-acting B,-agonists or theophylline
and/or oral corticosteroids, have chronic irreversible air-
flow limitation, neutrophilic inflammation and low
prevalence of atopy when compared with patients with
well-controlled mild-to-moderate asthma [16].

During the ENFUMOSA study, severe asthmatic patients
that experienced one NFA episode within the preceding 5
years were also included among severe asthmatics, even
when they did not fulfil the criteria of severity previously
indicated.

These subjects were then not included in the first report
of the ENFUMOSA cohort [16] and were analysed sepa-
rately. Here we report the clinical, functional and inflam-
matory characteristics of these patients and compare with
mild-to-moderate and severe persistent asthma.

Materials and methods

Study design and subjects

The study population was selected in parallel with the
asthmatic patients enrolled in the ENFUMOSA study [16].
From 1998 to 2000 the ENFUMOSA study group re-
cruited across Europe patients with severe and mild-to-
moderate asthma. The study was performed in 12 centres
belonging to nine European countries [16].
Patients were divided in three groups:

(1) NFA: history of at least one respiratory arrest and/or
PaC0,>50 mmHg within the 5 years before study
entry, in the absence of inclusion criteria for severe
and control groups.

(2) Severe asthma: at least one asthma exacerbation in
the last year, despite treatment for at least a year
with >1200 pg/day beclomethasone or equivalent,
long-acting B-agonists or theophylline, with or with-
out oral corticosteroids (=5 mg/day prednisone or
equivalent for at least 3 months before the start of
the study).

(3) Control group: well controlled mild-to-moderate
persistent asthma: absence of exacerbations in the
last year, treatment with low to medium dose of
inhaled corticosteroids (<1200 pg/day beclometha-
sone or equivalent.

Smokers with a smoking history of > 5 pack/years were
excluded from the study.

At enrolment, in addition to complete physical exam-
ination, each subject was asked to complete a clinical
questionnaire adapted from the expert system for asthma
severity developed in Montpellier [17]. This standardized
the collection of data on the presence and the severity of
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the asthma symptoms, the medical history and on the
compliance to prescribed asthma medications. The local
Ethics Committees of all Centres approved the study.

Pulmonary function

Pulmonary function tests were performed according to
published guidelines and were expressed as percent pre-
dicted values [16, 18]. To obtain the carbon monoxide
diffusion constant (Kcg), carbon monoxide transfer factor
(DLco) was measured using the single-breath method and
the result divided by the alveolar volume (DLco/Va = Kco).

Peripheral blood measures

Venous blood was taken using ethylenediamine tetraace-
tic acid filled vials for measurement of the total and
differential white blood cell count using a standard
Coulter counting. An arterial puncture was performed,
when the patient, at rest, was breathing room air for
measurement of arterial blood gases, accordingly to
standard clinical methods.

Atopic status

All patients underwent epicutaneous skin-prick testing to
common aeroallergens, including common local aeroal-
lergens chosen according to the prevalence of allergens in
each country, as previously described [16]. The maximum
weal diameter and its perpendicular diameter were mea-
sured at peak response 15-min post-skin puncture. A
positive (histamine) and a negative (diluent) control were
applied on the same forearm. A positive response was
taken as >3 mm larger than the negative control.

A venous blood sample was taken for total serum IgE
measurement by fluoroimmunoassay [16].

Sputum collection and analysis

Sputum was induced using a standardized protocol in
which hysotonic followed by hypertonic saline (3%, 4%
and 5%) was administered after the inhalation of 200 ug of
salbutamol. After each 5-min inhalation, spirometric tests
were performed, and subjects were then asked to rinse
their mouths and throats and to expectorate sputum into
a Petri dish. The more viscid portions were selected for
sputum cell count as previously described [16].

Data analysis

Statistical analysis of normally distributed data are re-
ported as mean + standard error and skewed data by
median [interquartile range (IQR)]. Comparisons of con-
tinuous variables between subgroups were made using the
parametric anova followed, if significant, by between-
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groups tests with Student t-test, and the non-parametric
Kruskall-Wallis followed, if significant, by Mann-Whit-
ney U-tests when appropriated. Bonferroni’s correction
was applied when appropriated. Categorical binary vari-
ables were compared using the y” test. A probability value
of <0.05 was considered statistically significant.

Results

Clinical characteristics

Only five of the 12 centres participating the ENFUMOSA
study had patients recruited in the NFA group. These five
centres were all located in the South Europe region:
Barcelona, Spain (six NFA, eight severe, 15 control); Crete,
Greece (six NFA, 11 severe, 22 control); Ferrara, Italy (five
NFA, 14 severe, four control); Montpellier, France (six
NFA, 15 severe, 13 control); Palermo, Italy (one NFA, 16
severe, 13 control).

Therefore, the population recruited in these five centres
during the ENFUMOSA study was considered for statisti-
cal analyses and comparisons.

A total of 155 patients were recruited, of which 64 had
severe persistent asthma, 67 had mild-to-moderate persis-
tent asthma and 24 had a history of an NFA episode within
5 years before study entry, in the absence of inclusion
criteria for severe and control groups. Groups were
comparable in terms of age, but not of gender, since as
previously reported, females dominated the severe persis-
tent asthma group [16] (Table 1).

According to the inclusion criteria, none of the mild-to-
moderate asthmatics were treated with high-dose inhaled
corticosteroids and long-acting B-agonists. Less than half
of NFA patients were taking inhaled corticosteroids (Table
1). In the NFA group the majority (58.8%) of patients
treated with long acting inhaled 3, agonists (LABA) were
not receiving ICS.

Compared to severe and mild-to-moderate asthmatics,
NFA patients admitted significantly more frequently to
forgetting taking their asthma medications as assessed by
a specific item in the medical history section of the clinical
questionnaire (15/24, 18/64 and 23/67 admitted to forget-
ting taking asthma medications in NFA, severe and mild-
to-moderate asthma groups, respectively, P < 0.01 NFA
vs. severe asthma and P < 0.05 NFA vs. mild-to-moderate
asthma).

In the month preceding recruitment, a significantly
higher proportion of NFA patients (18/24) and of severe
asthmatics (54/64) reported asthma symptoms (wheezing
and/or dyspnoea; any intensity) as compared with mild-
to-moderate asthma (30/67), as assessed by a specific item
in the medical history section of the clinical questionnaire
(P < 0.05 mild-to-moderate asthma vs. NFA and vs.
severe asthma).

Atopy status

Patients with severe persistent asthma showed lower
prevalence of positive skin prick tests, and this difference
was significant in the comparison to mild-to-moderate
asthma (Table 1). Severe asthmatics had lower levels of
total IgE as compared with both NFA and mild-to-moder-
ate asthmatics (Table 1).

Lung function and blood gas characteristics

No difference was found between patients with NFA and
those with mild-to-moderate asthma (Table 2). Forced
expiratory volume in 1s (FEV,), FEV,/forced vital capa-
city (FVC) ratio and Kcg were lower and residual volume
higher in patients with severe asthma as compared with
the other two groups. FVC was significantly decreased in
severe vs. mild-to-moderate asthmatics (Table 2). Patients
with NFA showed Pa0O, values similar to mild-to-moder-
ate asthmatics and significantly higher compared with
severe asthma (Table 2).

Sputum and blood inflammatory total and differential
cell count

Patients with severe asthma had higher total sputum cell
counts when compared with NFA and mild-to-moderate
asthmatics (Table 3). Sputum neutrophil percentage was
significantly elevated in severe as compared with mild-to-
moderate asthma (Table 3).

Similarly, total and differential cell counts in peripheral
blood showed increased total white blood cells and
percent neutrophils in severe as compared with NFA and
mild-to-moderate asthma (Table 3).

Discussion

In this study we found that patients with a history of NFA
episodes in the previous 5 years have clinical, functional
and inflammatory characteristics of mild-to-moderate
asthmatics and that they are different from severe asth-
matics. As compared with both severe and mild-to-
moderate asthmatics, NFA patients had lower adherence
to anti-asthma treatment.

In accordance with the ENFUMOSA study [16], patients
with severe asthma had more compromised lung function.
Our data showing that NFA patients have lung function
and blood gas data comparable to mild-to-moderate
asthmatics confirm and extend previous reports (mostly
limited to FEV,) in NFA [7, 8, 12].

For the first time we report sputum and peripheral blood
inflammatory total and differential cell count in NFA
when in a stable condition. To our surprise we did not
find any significant difference between NFA and mild-to-
moderate persistent asthma in the sputum and peripheral
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Table 1. Patient clinical characteristics

NFA Severe Mild to moderate
No. of patients 24 64 67
Age 43.2 (5.6) 45.4 (7.4) 43.9 (8.6)
Male/female 8/16 15/49 30/37°
Treatment
Oral corticosteroids 4.1%" 29.7% off
Inhaled corticosteroids 37.5 0p** 7T 100% 100
Mean dose (ig beclomethasone equivalents) 682 (153) 1790 (615) 715 (226)
Short-acting inhaled B,-agonists 85.7% 95.3% 949%
Long-acting inhaled B,-agonists 70.80%0™* 1000%0™* 0
Short-acting anticolinergics 12.5% 14% 5.9%
Theophylline 8.3% 23.4% of
Others 12.5% 7.8% 4.5%
Atopy
Positive skin prick test® 62.5% 42.1% 67.1%""
Serum IgE (kU/L) 141.8 89.9 168.2
[61.6-283.2]" [43.8-158.2] [87.5-294.9] "

Data are expressed as number or percentage of cases or mean (SD) or median [95% CI].

**P<0.01 vs. mild-to-moderate group.
TP<0.05 vs. severe group.

"P<0.01 vs. severe group.

STo at least one tested allergen.

NFA, near-fatal asthma.

blood cell counts. Conversely, in accordance to the gen-
eral findings of the ENFUMOSA [16], severe persistent
asthma was associated with increased neutrophils both in
sputum and in peripheral blood.

Notably, although receiving less inhaled glucocorti-
coids NFA patients did not display a higher sputum
eosinophil count than mild-to-moderate group. This
would suggest that their inflammatory background in

Table 2. Lung function and blood gases

the airways is relatively mild when analysed in stable
condition. It obviously does not exclude a burst of
inflammation at exacerbations, particularly when severe.
Interestingly, despite very high dose of inhaled glucocor-
ticoids the patients with severe asthma still have markedly
raised sputum eosinophilia (around 5% in this study and
more of 10% in the previous ENFUMOSA report [16]
as compared with values found in healthy subjects

NFA Severe Mild to moderate
Lung function
FEV,% predicted 83.1(19.2)* 73.5(17.6) 88.2 (17.2)**
FEV, post-bronchodilator (%) predicted 89.3 (15.8)* 80.1 (15.2) 95.3 (18.0)*
FEV,/FVC post-bronchodilator (%) predicted 88.3 (9.8)* 81.2 (12.5) 91.2 (10.6)**
FVC% predicted 101.2 (14.9) 94.4 (16.6) 101 (15.9)*
RV% predicted 118.7 (15.2)* 130.1 (15.8) 116.4 (13.5)**
TLCO% predicted 105.44+3.2 106.9+ 1.9 104+ 1.7
Kco% predicted 89.7 (15.1)° 82.8 (14.4) 95 (13.1)*
Blood gases
Pa,0, (kPa) 12.10 (1.47)* 11.30 (1.42) 12.43 (1.21)**
Pa,CO, (kPa) 5.15 (0.6) 5.17 (0.6) 5.21 (0.5)
PH 7.40 (0.04) 7.42 (0.02) 7.41 ('0.03)

Data are expressed as mean (SD).
*P<0.05 vs. severe group.
**P<0.01 vs. severe group.
SP=0.076 vs. severe group.

NFA, near-fatal asthma, FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; TLC, total lung capacity; RV, residual volume; Kcq, carbon
monoxide diffusion constant; Pa,0,, arterial oxygen tension; Pa,CO,, arterial carbon dioxide tension.
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Table 3. Inflammatory cells

NFA Severe Mild to moderate
Sputum cell counts
Total sputum cells x 10°/mL 1.8 [1.1-3.3]* 4.66 [1.65-8.5] 2.96 [1.34-5.02]*
Neutrophils (%) 30.3 [11.1-43] 41 [13.5-59.5] 26 [9.8-40.4]*
Eosinophils (%) 4.2 [0.72-11.6] 5.85 [0.95-10.85] 4[1.15-8.52]
Macrophages (%) 49.9 [21.5-72] 45.5[19.2-67.6] 50.5 [26.2-73.4]
Lymphocytes (%) 1.3 [0-5] 1.8 [0.3-3] 1.2 [0-3.4]
Peripheral blood
Total WBC (x10%/mL) 6.68 (1.7)* 8.48 (1.2) 6.53 (0.7)**
Neutrophils (%) 56.8 (4.3)** 62.4 (5.5) 57.0 (6.5)**
Monocytes (%) 7.4 (2.5) 6.7 (1.8) 7.2 (1.6)
Lymphocytes (%) 30.9 (3.7) 26.5 (5.6) 31.1(5.1)
Eosinophils (%) 4.2 (2.0) 3.5(2.4) 3.9 (2.2)
Basophils (%) 0.7 (0.7) 0.6 (0.7) 0.7 (0.8)

Data are median [95% CI] or mean (SD).
*P<0.05 vs. severe asthma.

**P<0.01 vs. severe asthma.

NFA, near-fatal asthma; WBC, white blood cells.

(<0.5%). Therefore sputum eosinophilia in severe asthma
can be regarded as resistant to inhaled glucocorticoids.

Another novel finding of this report leads to the same
concept, i.e. the similar prevalence of atopy between the
NFA and mild-to-moderate persistent asthma. At var-
iance, in accordance with the ENFUMOSA study [16] we
found that a low prevalence of atopy is a characteristic
profile of the severe phenotype of asthma, suggesting that
mechanisms different from atopy might be more relevant
to the pathogenesis of severe asthma. The differences
observed in this study in terms of airway/systemic inflam-
mation when severe asthma was compared with less
severe forms of the disease are in line with this interpreta-
tion. Thus, NFA cannot be simply considered as a sub-
group of severe asthma, but it represents a different
disease entity that cannot be distinguished for mild
asthma when in stable conditions.

NFA patients were less treated than the other groups:
less than half of NFA patients were taking inhaled
corticosteroids. According to our inclusion criteria only
patients with a history of at least one NFA episode in the
previous 5 years, in the absence of inclusion criteria for
severe and control groups, were included in the NFA
group. Intriguingly, out of the 131 patients here consid-
ered outside the NFA group, only one (belonging to the
severe group) reported an NFA episode in the previous 5
years. This suggests that when asthma, including severe
asthma, is properly treated, the risk for near fatal episodes
is reduced, in agreement with previous studies indicating
that therapy with bronchodilators alone may lead to loss
of asthma control, including severe asthma exacerbations
and hospitalizations [19]. Noteworthy, despite 75% of
NFA patients had asthma symptoms in the preceding
month, the vast majority of this group of patients ad-
mitted to forgetting their asthma medications as assessed

by a specific item of the clinical questionnaire, indicating
that a lower adherence to treatment, which might be
associated with cultural/social/regional differences, could
be an issue for loss of disease control, and for severe-up to
near fatal exacerbations following the exposure to trigger
factors. Indeed, a previous study documented that poor
compliance to therapy is a characteristic feature of
patients hospitalized with severe asthma, including NFA
[7]. A recent systematic meta-analysis of risk factors
associated with NFA did not demonstrate that exposure
(dose independent) to inhaled corticosteroids has a clear
protective effect against NFA [9]. However, when expo-
sure was measured using a dose-dependent formula there
was an overall protective effect of inhaled corticosteroids,
as previously indicated in the study of Suissa et al. [20].

Interestingly, we observed that the majority of NFA
patients treated with LABA were not receiving inhaled
glucocorticoids, which is in line with the concerns re-
cently raised on the use of LABA without inhaled gluco-
corticoids [21].

An unexpected finding of our study is represented by
the fact that patients with NFA were found and enrolled
only in countries of the South Europe area. Possible
explanations might be related to the exposure to different
allergens in the different geographical areas of Europe and
to the above-mentioned regional cultural/educational
differences particularly in relation to anti-inflammatory
regular treatment compliance. We recognize that because
of the size of our group the spectrum of NFA might only
partly be represented in this study.

In conclusion, this study has highlighted that, when
in stable condition, patients with a previous history of
NFA episodes, at variance with severe asthmatics, have
clinical functional and inflammatory characteristics simi-
lar to patients with mild-to-moderate asthma. Reduced
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compliance towards the regular treatment with inhaled
glucocorticoids is an attitude that characterizes NFA
patients. Further studies are required to explore the
mechanisms by which a patient with apparently mild-to-
moderate asthma develop a near-fatal asthmatic exacer-
bation.
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L. Watson, G. Yourgioti.

Acknowledgements

This study was financially supported by a Concerted
Action Grant for the European Union Framework IV
Biomed Programme No. BMH4-96-1471. We thank
Dr Anita Pandit for her careful scientific and editorial
assistance.

References

1 McFadden ER Jr. Acute severe asthma. Am J Respir Crit Care Med
2003; 168:740-59.

2 Dhuper S, Maggiore D, Chung V, Shim C. Profile of near-fatal
asthma in an inner-city hospital. Chest 2003; 124:1880-4.

3 McFadden ER Jr, elSanadi N, Strauss L et al. The influence of
parasympatholytics on the resolution of acute attacks of asthma.
Am J Med 1997; 102:7-13.

4 Rodrigo GJ, Rodrigo C, Nannini LJ. Fatal or near-fatal asthma:
clinical entity or incorrect management? Arch Bronconeumol
2004; 40:24-33.

5 Rodrigo GJ, Rodrigo C, Hall JB. Acute asthma in adults: a review.
Chest 2004; 125:1081-102.

6 Martinez-Moragon E, Plaza V, Serrano J et al. Near-fatal asthma
related to menstruation. J Allergy Clin Immunol 2004;
113:242-4.

7 Turner MO, Noertjojo K, Vedal S, Bai T, Crump S, Fitzgerald JM.
Risk factors for near-fatal asthma. A case-control study in

*Deceased.

© 2007 The Authors

(o}

10

11

12

13

14

15

16

17

18

19

20

21

hospitalized patients with asthma. Am J Respir Crit Care Med
1998; 157:1804-9.

Boulet LP, Deschesnes F, Turcotte H, Gignac F. Near-fatal asthma:
clinical and physiologic features, perception of bronchoconstric-
tion, and psychologic profile. J Allergy Clin Immunol 1991;
88:838-46.

Alvarez GG, Schulzer M, Jung D, Fitzgerald JM. A systematic
review of risk factors associated with near-fatal and fatal asthma.
Can Respir J 2005; 12:265-70.

Barreiro E, Gea J, Sanjuas C, Marcos R, Broquetas J, Milic-Emili
J. Dyspnoea at rest and at the end of different exercises in
patients with near-fatal asthma. Eur Respir J 2004; 24:219-25.
de Klerk A, van Schalkwyk E, Williams Z, Lee W, Bardin P. Risk
factors for near-fatal asthma - a case-control study in a Western
Cape teaching hospital. S Afr Med J 2002; 92:140-4.

Gelb AF, Schein A, Nussbaum E et al. Risk factors for near-fatal
asthma. Chest 2004; 126:1138-46.

Plaza V, Serrano J, Picado C, Sanchis J. Frequency and clinical
characteristics of rapid-onset fatal and near-fatal asthma. Eur
Respir J2002; 19:846-52.

Romero-Frais E, Vazquez MI, Sandez E, Blanco-Aparicio M,
Otero I, Verea H. Prescription of oral corticosteroids in near-fatal
asthma patients: relationship with panic-fear, anxiety and de-
pression. Scand J Psychol 2005; 46:459-65.

Yoshimine F, Hasegawa T, Suzuki E et al. Contribution of aspirin-
intolerant asthma to near fatal asthma based on a questionnaire
survey in Niigata Prefecture, Japan. Respirology 2005; 10:477-84.
The ENFUMOSA cross-sectional European multicentre study of
the clinical phenotype of chronic severe asthma European net-
work for Understanding Mechanisms of Severe Asthma. Eur
Respir J2003; 22:470-7.

Redier H, Daures JP, Michel C ef al. Assessment of the severity of
asthma by an expert system. Description and evaluation. Am J
Respir Crit Care Med 1995; 151:345-52.

Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R,
Yernault JC. Lung volumes and forced ventilatory flows. Report
working party standardization of lung function tests, European
Community for steel and coal. Official statement of the European
Respiratory Society. Eur Respir J 1993; 16 (Suppl.):5-40.
Lemanske RF Jr, Sorkness CA, Mauger EA ef al. Inhaled corticos-
teroid reduction and elimination in patients with persistent
asthma receiving salmeterol: a randomized controlled trial.
J Am Med Assoc 2001; 285:2594-603.

Suissa S, Ernst P, Benayoun S, Baltzan M, Cai B. Low-dose
inhaled corticosteroids and the prevention of death from asthma.
N Engl J Med 2000; 343:332-6.

Glassroth J. The role of long-acting beta-agonists in the manage-
ment of asthma: analysis, meta-analysis, and more analysis. Ann
Intern Med 2006; 144:936-7.

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 552-557



