
Inflammatory and microbiological
associations with near-fatal asthma
requiring extracorporeal membrane
oxygenation

To the Editor:

Extracorporeal membrane oxygenation (ECMO) has developed as a critical tool permitting lung protection
in severe respiratory failure. Its use was largely confined to acute respiratory distress syndrome [1];
however, as technology has advanced, it is now used in a range of respiratory diseases, including asthma.
In the context of near-fatal asthma exacerbations, ECMO provides a management strategy for
difficult-to-ventilate patients who would otherwise be unlikely to survive. Importantly, in asthma,
traditional mechanical ventilation strategies can be associated with volutrauma and barotrauma due to the
high pressures required in the presence of severe bronchospasm [2]. To date, there is a paucity of data for
ECMO use in acute asthma and it is unknown whether specific clinical or inflammatory characteristics are
associated with the need for ECMO.

We performed a retrospective review of all adult asthmatics requiring mechanical ventilatior and/or ECMO for
near-fatal asthma admitted to our single large tertiary hospital between 2011 and 2016. Clinical and
demographic data including ventilator parameters, biochemical and immunological indices, and microbiology
isolates were recorded. We compared patients requiring ECMO with patients requiring conventional
mechanical ventilation only, to identify any factors that were significantly associated with the need for ECMO.

All data, including demographic, physiological and laboratory data, utilised in this study were collected as
part of routine acute asthma care in our intensive care unit (ICU) and tertiary severe asthma centre. No
additional ethical approval was required.

76 patients (46% female, mean±SD age 39±16 years) with a primary diagnosis of acute asthma associated
with the clinical features of a near-fatal exacerbation requiring ECMO or mechanical ventilation were
included in this analysis. 22 patients (29%) required ECMO and 54 (71%) required conventional
mechanical ventilation only. Compared to patients requiring mechanical ventilation, those requiring
ECMO were more likely to be female (72% versus 35%, p=0.003) and younger (mean age 30±14 versus
43±15 years, p=0.002). Prior to intervention, patients requiring ECMO had a higher total white cell count
(15.5±6.4 versus 12.2±4.4×109 L−1, p=0.013), were more acidotic (mean pH 7.12±0.17 versus 7.27±0.09,
p<0.001) and hypercapnic (mean carbon dioxide tension 12.8±4.1 versus 7.26±2.1 kPa, p<0.001). No
statistically significant differences in oxygenation (oxygen tension), C-reactive protein (CRP), total serum
immunoglobulin E or blood eosinophil counts at the time of admission to the ICU were observed between
groups. Patients requiring ECMO were more likely to have a positive fungal isolate from bronchoalveolar
lavage (BAL) fluid than those requiring mechanical ventilation (36% versus 10%, p=0.026). Rhinovirus was
also identified in a greater proportion of respiratory isolates in the ECMO cohort compared to mechanical
ventilation (27.2% versus 6.9%, p=0.048) with a strong trend towards a greater likelihood of any respiratory
virus isolation in the ECMO group (54.5% versus 27.6%, p=0.053). There was no difference in the
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incidence of positive bacterial isolates. Compared to the mechanical ventilation group, days on mechanical
ventilation were significantly greater in the ECMO cohort (13±12 versus 5±8 days, p=0.006). In addition,
length of stay (LoS) in the ICU (15±10 versus 5±7 days, p=0.033) and in hospital (22±17 versus
12±16 days, p<0.001) were significantly longer in the ECMO group. Higher CRP levels on admission to
hospital were associated with a more prolonged hospital and ICU stay in the mechanical ventilation group
only (p<0.001). All ECMO patients survived to hospital discharge; however, two mechanically ventilated
patients died during their ICU admission.

TABLE 1 Clinical, inflammatory and microbiological characteristics on day of admission to
hospital and during intensive care unit (ICU) stay

ECMO (n=22) MV only (n=54) p-value

Demographics
Patients n 22 54
Age years 30±14 43±15 0.002
Females 16/22 (72.7%) 19/54 (35.2%) 0.003
Ex- or current smokers 12/22 (54.5%) 30/54 (55.6%) 0.937
Atopic 12/22 (55%) 20/54 (37%) 0.161

Treatment on admission
No treatment 3/22 (17.6%) 2/54 (3.9%) NA
Short-acting β-agonist only 2/22 (11.8%) 8/54 (15.7%) NA
Low-dose ICS 2/22 (11.8%) 15/54 (29.4%) NA
Low-dose ICS/LABA 6/22 (35.3%) 6/54 (11.8%) NA
Medium-dose ICS/LABA 3/22 (17.6%) 14/54 (27.5%) NA
High-dose ICS/LABA 1/22 (5.9%) 6/54 (11.8%) NA
Maintenance prednisolone or biologic therapies 0/22 (0.0%) 0/54 (0.0%) NA

Laboratory results
Total white cell count 109 L−1 15.5±6.5 12.1±4.4 0.013
Blood eosinophil count 109 L−1 0.5±1.0 0.5±1.0 0.822
Blood neutrophil count 109 L−1 10.6±3.6 8.2±4.0 0.083
C-reactive protein mg·L−1 48.4±70.9 49.1±92.3 0.976
Serum total immunoglobulin E kU·L−1 1178±1714 (n=13) 1089±1988 (n=16) 0.899
Duration of mechanical ventilation days 12.6±12.6 5.2±8.4 0.005
Duration of ECMO days 6.0±1.9 NA NA
ICU length of stay days 15.0±10.7 (n=20) 5.4±7.1 (n=54) <0.001
Hospital length of stay days 22.1±17.2 (n=22) 12.8±16.6 (n=54) 0.033

Pre-ECMO/MV
pH 7.12±0.2 (n=19) 7.27±0.1 (n=53) <0.001
PO2

kPa 14±6.0 (n=17) 15.9±8.5 (n=53) 0.414
PCO2

kPa 12.8±4.1 (n=18) 7.26±2.1 (n=53) <0.001
Lactate mmol·L−1 1.1±0.5 (n=15) 2.7±1.7 (n=53) 0.001

Positive respiratory virus isolate 12/22 (54.5%) 8/29 (27.6%) 0.052
Influenza A 3/22 (13.6%) 4/29 (13.8%) 0.987
Adenovirus# 2/22 (9.1%) 0/29 (0.0%) 0.098
Rhinovirus# 6/22 (27.3%) 2/29 (6.9%) 0.048
Coronavirus 1/22 (4.5%) 1/29 (3.4%) 0.842
RSV 0/22 (0.0%) 1/29 (3.4%) 0.379
Parainfluenza 1/22 (4.5%) 0/29 (0.0%) 0.246

Positive bacterial isolate 7/22 (31.8%) 11/29 (37.9%) 0.660
Staphylococcus aureus 3/22 (13.6%) 2/29 (6.9%) 0.641
Streptococcus pneumoniae 0/22 (0.0%) 3/29 (10.3%) 0.249
Haemophilus influenzae 0/22 (0.0%) 3/29 (10.3%) 0.249
Pseudomonas aeruginosa 0/22 (0.0%) 2/29 (6.9%) 0.499
Other¶ 4/22 (18.1%) 1/29 (3.4%) 0.152

Positive fungal isolates 8/22 (36.4%) 3/29 (10.3%) 0.025
Candida albicans 7/22 (31.8%) 3/29 (10.3%) 0.079
Aspergillus fumigatus# 2/22 (9.1%) 0/29 (0.0%) 0.181

Data are presented as mean±SD or n/N (%) unless otherwise stated. ECMO: extracorporeal membrane
oxygenation; MV: mechanical ventilation; ICS: inhaled corticosteroid; LABA: long-acting β-agonist; PO2

: oxygen
tension; PCO2

: carbon dioxide tension; RSV: respiratory syncytial virus; NA: not applicable. #: includes samples
with more than one isolate; ¶: Enterobacteriaceae, Stenotrophomonas maltophilia or Veillonella species.
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In this retrospective review of adult asthmatics admitted to intensive care for a near-fatal acute
exacerbation, we report that the requirement for ECMO was associated with younger age, female sex and
the presence of either fungal or rhinoviral infection in the lower airway. In addition, a higher white cell
count, a more profound degree of hypercapnia and acidaemia, as well as an increased LoS in the ICU and
hospital overall, were observed in those requiring ECMO support.

These findings may suggest the possibility of complex inflammatory cascades that lead to lung injury,
refractory hypercapnic respiratory failure and failure of mechanical ventilation. From review of the clinical
notes, ECMO was indicated in all cases due to maximal mechanical ventilatory support being reached or
deemed extremely detrimental to the individual (i.e. leading to ventilator-induced lung injury) rather than
overwhelming infection. Despite this finding, all patients received empirical antibacterial and/or targeted
anti-influenza treatment (if confirmed as positive or deemed high risk) on admission to hospital before
antimicrobial regimes were rationalised based on positive isolates, a practice that is common when
respiratory/ventilatory failure is unexplained or deteriorating. Single-site positive isolates of Candida
species were not treated. There were no cases of fungaemia and antifungal therapy was only started in the
presence of raised peripheral blood markers (i.e. β-D-glucan) or high index of suspicion of fungal
infection. All patients with BAL isolates of Aspergillus species were treated. In addition, we did not collect
data relating to prehospital use of antimicrobial therapy. Studies have shown that virally mediated
inflammatory pathways (acute or quiescent) are implicated in near-fatal asthma and occur in as much as
50% of patients [3]. The association of fungal isolates with near-fatal asthma is a novel finding but
consistent with the association of these organisms in acute asthma [4, 5]. This finding suggests the
possibility of defective antifungal and/or antiviral immune pathways in these patients. Rhinovirus is well
recognised as a trigger for acute asthma, and deficient antiviral type 1 and 3 interferons has been reported
in asthma [6–8].

A limitation of this study is its retrospective design, which introduces the possibility of information bias.
Additionally, some important clinical background characteristics, including prior exacerbation frequency and
information regarding adherence to maintenance inhaled therapies, were not available. However, we were able
to partially acquire data relating to prehospital corticosteroid use (table 1). From these data, we found that a
greater percentage of patients without any formal treatment for their asthma required ECMO (17% versus
4%). Interestingly, a lower percentage of patients receiving moderate and high-dose inhaled corticosteroids
(ICS) and/or long-acting β-agonists required ECMO compared to those requiring mechanical ventilation only
(moderate: 17% versus 27%; high: 6% versus 12%). Furthermore, no patient in either treatment group
required long-term oral corticosteroids or biologic agents. In those requiring ECMO, we found that in the
year preceding acute admission, only 31% (seven out of 22) received regular ICS, 36% had documentation of
regular short-acting β-agonist use and 31% had received at least one 7-day course of oral corticosteroids
(data not shown). Similar data in the mechanical ventilation-only group were not collected and therefore, in
this cohort, we cannot comment on whether levels of treatment are associated with need for ECMO. Of note,
no patient had an indication other than asthma for corticosteroid use or other immunosuppression of any
form; thus, the microbiological isolates are unlikely to have been influenced by secondary factors.

To date, this is the first case series investigating inflammatory and microbial factors associated with the
need for ECMO in near-fatal asthma and highlights rhinovirus infection as well as positive fungal isolates
as being particularly associated with the need for ECMO. It is noteworthy that despite the severity of
illness and inability to mechanically ventilate these patients, ECMO was associated with 100% survival and
widespread access to this life-saving therapy should be made a priority.
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