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a b s t r a c t 

Background: Despite advances in asthma treatments, severe asthma exacerbation (SAE) remains a life-threatening 

condition in adults, and there is a lack of data derived from adult patients admitted to intensive care units (ICUs) 

for SAE. The current study investigated changes in adult patient characteristics, management, and outcomes of 

SAE over a 20-year period in 40 ICUs in the greater Paris area. 

Methods: In this retrospective observational study, admissions to 40 ICUs in the greater Paris area for SAE 

from January 1, 1997, to December 31, 2016 were analyzed. The primary outcome was the proportion of ICU 

admissions for SAE during 5-year periods. Secondary outcomes were ICU and hospital mortality, and the use of 

mechanical ventilation and catecholamine. Multivariate analysis was performed to assess factors associated with 

ICU mortality. 

Results: A total of 7049 admissions for SAE were recorded. For each 5-year period, the proportion decreased 

over time, with SAE accounting for 2.84% of total ICU admissions ( n = 2841) between 1997 and 2001, 1.76% 

( n = 1717) between 2002 and 2006, 1.05% ( n = 965) between 2007 and 2011, and 1.05% ( n = 1526) between 2012 

and 2016. The median age was 46 years (interquartile range [IQR]: 32–59 years), 55.41% were female, the me- 

dian Simplified Acute Physiology Score II was 20 (IQR: 13–28), and 19.76% had mechanical ventilation. The use 

of mechanical ventilation remained infrequent throughout the 20-year period, whereas the use of catecholamine 

decreased. ICU and hospital mortality rates decreased. Factors associated with ICU mortality were renal replace- 

ment therapy, catecholamine, cardiac arrest, pneumothorax, acute respiratory distress syndrome, sepsis, and 

invasive mechanical ventilation (IMV). Non-survivors were older, had more severe symptoms, and were more 

likely to have received IMV. 

Conclusion: ICU admission for SAE remains uncommon, and the proportion of cases decreased over time. Despite 

a slight increase in symptom severity during a 20-year period, ICU and hospital mortality decreased. Patients 

requiring IMV had a higher mortality rate. 
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In recent decades, asthma prevalence and severity have in-

reased worldwide. Asthma tends to be a lifelong condition asso-

iated with high morbidity and an economic burden on patients,

heir families, and society.[ 1 ] Asthma can involve acute exacer-

ations leading to acute respiratory failure requiring admission

o an intensive care unit (ICU) for monitoring and/or mechani-

al ventilation. The latest French surveys indicate a prevalence

f current asthma of 6–7% in adults [ 2 ] and a decline in asthma

ortality since 1986.[ 3 ] Asthma causes approximately 250,000

eaths a year worldwide, and despite advances in the field, it is

till an underlying cause of death in France. While severe asthma

xacerbation (SAE) is a life-threatening condition in adults,[ 4 ] 

vidence is sparse regarding management and outcomes in ICUs,

here it may account for up to 1% of mechanically ventilated

atients.[ 5 ] 

Recent studies from England and Wales investigated the

emographics, outcomes, and trends of admission in patients

ith SAE in critical care units between 2002 and 2011, and

emonstrated that it represents a modest burden of work with a

igh survival rate in ICUs.[ 6 ] Another cohort in Australia, span-

ing from 1996 to 2003, showed a reduction in the proportion

f ICU admissions for SAE, and reduced mortality.[ 7 , 8 ] Non-

nvasive mechanical ventilation (NIV) use for SAE seems to be

ncreasing, and few data exist regarding the use of IMV in this

opulation.[ 5 , 9 ] The aim of the current retrospective study was

o investigate patient characteristics, ICU management, and out-

omes of adult SAE admissions in 40 ICUs in the greater Paris

rea from the Collège des Utilisateurs de Bases de données en

éanimation (CUB-REA) network [ 10 ] over a 20-year period. 

ethods 

tudy and patients 

The CUB-REA network was used, which prospectively col-

ects data from all patients admitted to 40 ICUs in the greater

aris area, as described previously.[ 11 ] Participating centers are

isted in the supplementary material online (Appendix S1). All

dult admissions for SAE from January 1, 1997, to December 31,

016, were included. Only patients with a primary or secondary

iagnosis of SAE were included. Admissions with an associated

hronic obstructive pulmonary disease (COPD) diagnosis were

xcluded. 

efinitions 

SEA was defined as all hospital stays with a primary diagnosis

f SAE or status asthmaticus, or with SAE as a secondary diag-

osis associated with cardiac arrest, acute respiratory failure,

cute respiratory distress syndrome (ARDS), pulmonary infec-

ion (viral or bacterial), bronchitis, influenza or pleural effusion,

epsis, systemic inflammatory response syndrome, hemoptysis,

r pneumothorax. The exclusion criterion was any diagnosis of

OPD. 

ata collection 

Demographic characteristics including age, sex, and Charl-

on Comorbidity Index (CCI) were collected, as were life
210
upport treatments including catecholamine, NIV, invasive

echanical ventilation (IMV), renal replacement therapy

RRT), and extracorporeal life support (ECLS). Severity was

ssessed using the Simplified Acute Physiology Score II

SAPS II). 

utcomes 

The primary outcome was the proportion of ICU admissions

or SAE. Secondary outcomes were ICU and hospital mortality,

iagnoses associated with SAE, and the use of NIV, IMV, cate-

holamine, RRT, and ECLS. 

tatistical analysis 

Quantitative data were expressed as medians and interquar-

ile ranges (IQRs) and compared via analysis of variance. Cat-

gorical data were expressed as numbers and percentages,

nd compared via the 𝜒2 test. The primary outcome was the

roportion of ICU admissions for SAE, divided into four 5-

ear time periods (1997–2001, 2002–2006, 2007–2011, 2012–

016). Multivariable analyses of ICU mortality were performed

sing a generalized linear model including all variables with

 P -value below 10 % in univariate analysis. Model selec-

ion was then performed based on a backward stepwise pro-

edure in order to retain the best model according to the

kaike Information Criterion.[ 12 ] Patients with missing data

n hospital mortality were considered dead. All analyses were

wo-sided, and P < 0.10 was considered statistically signifi-

ant. Statistical analysis was performed using R studio soft-

are (Integrated Development for R. RStudio, Inc., Boston,

A, 2019). 

esults 

opulation characteristics 

During the study period, 434,800 consecutive ICU ad-

issions were recorded at the 40 participating ICUs of

ub-Réa. A total of 13,270 admissions with an SAE code

ere reviewed (3.05%). Of these, 7049 admissions for SAE

ithout an associated diagnosis of COPD were included

n the analysis ( Figure 1 ). The median age was 46 years

IQR: 32–59 years), 3906 (55.41 %) were female, the me-

ian SAPS II was 20 (IQR: 13–28), and the median CCI

as 0 (IQR: 0–1). Among the 7049 admissions, 15.19%

 n = 1071) received IMV, 6.10% ( n = 430) received NIV, and

.53% ( n = 108) received both NIV and IMV. Catecholamines

ere used in 17.69% ( n = 1247) of admissions and RRT was

sed in 0.60% ( n = 42). The ICU mortality rate was 2.41%

 n = 170) and the hospital mortality rate was 3.90% ( n = 275,

able 1 ). 

roportion of ICU admissions for SAE 

ICU admissions for SAE decreased over time ( P < 0.001). They

ccounted for 2.84% of total ICU admissions ( n = 2841) between

997 and 2001, 1.67% ( n = 1717) between 2002 and 2006,

.05% ( n = 965) between 2007 and 2011, and 1.05% ( n = 1526)

etween 2012 and 2016 ( Table 1 and Figure 2 ). The number
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Figure 1. Flowchart representing the current population-based study investigating admissions for SAE or status asthmaticus without associated COPD diagnosis in 

the 40 CUB-Réa ICUs, divided into four 5-year periods. 

COPD: Chronic obstructive pulmonary disease; ICUs: Intensive care units; SAE: Severe asthma exacerbation. 

Table 1 

Trends in demographic characteristics, management, and outcomes in adult SAE patients admitted to the ICU over the study period. 

Patients’ characteristics and outcomes Missing data Total period ( n = 7049) 1997–2001 ( n = 2841) 2002–2006 ( n = 1717) 2007–2011 ( n = 965) 2012–2016 ( n = 1526) P -value 

Patients admitted in ICU NA 434,800 99,925 97,349 92,102 145,424 

Number of patients with SAE NA 7049 (1.62) 2841 (2.84) 1717 (1.76) 965 (1.05) 1526 (1.05) < 0.001 

Age (years) 0 46 (32–59) 44 (32–58) 46 (32–58) 49 (36–61) 46 (32–60) < 0.001 

Female 4 3906 (55.41) 1598 (56.24) 931 (54.22) 519 (53.78) 858 (56.22) 0.335 

SAPS II 48 20 (13–28) 18 (13–26) 20 (13–28) 22 (15–30) 22 (15–30) < 0.001 

CCI 0 0 (0–1) 0 (0–1) 1 (0–1) 1 (0–1) 1 (0–1) < 0.001 

IMV 0 1071 (15.19) 373 (13.13) 265 (15.43) 201 (20.82) 232 (15.20) < 0.001 

NIV 0 430 (6.10) 0 (0) 96 (5.59) 128 (13.26) 206 (13.50) < 0.001 

NIV and IMV 0 108 (1.53) 0 (0) 21 (1.22) 35 (3.63) 52 (3.41) < 0.001 

Catecholamine use 0 1247 (17.69) 1035 (36.43) 209 (12.17) 1 (0.10) 2 (0.03) < 0.001 

ECMO 0 8 0 1 1 6 

RRT 0 42 (0.60) 10 (0.35) 12 (0.70) 6 (0.62) 14 (0.92) 0.120 

ICU length of stay (days) 0 3 (1–5) 2 (1–4) 3 (2–4) 3 (2–5) 6 (3–11) < 0.001 

Hospital length of stay (days) 62 6 (3–10) 6 (3–11) 6 (2–10) 6 (3–10) 6 (3–11) 0.885 

ICU mortality 0 170 (2.41) 68 (2.39) 55 (3.20) 26 (2.69) 21 (1.38) 0.008 

Hospital mortality 78 275 (3.90) 131 (4.61) 86 (5.00) 32 (3.32) 26(1.70) 0.002 

Data are expressed as n (%) or median (Interquartile range). 

CCI: Charlson Comorbidity Index; ECMO: Extracorporeal membrane oxygenation; ICU: Intensive care unit; IMV: Invasive mechanical ventilation; NIV: Non-invasive 

mechanical ventilation; RRT: Renal replacement therapy; SAE: Severe asthma exacerbation; SAPS II: Simplified Acute Physiology Score II. 
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f admissions for SAE increased in 2012 in conjunction with an

ncrease in the total number of ICU admissions. 

hanges over time 

Median age increased over the study period, and even though

atients admitted for SAE tended to be relatively young with

ew comorbidities, SAPS II and the CCI increased ( Table 1 ).

he use of NIV increased slightly over time but remained infre-

uent, whereas the use of catecholamine decreased ( Table 1 and

igure 2 ). 
211
utcomes 

The median ICU stay lengths were 3 days (IQR: 1–5 days)

ntil 2011, and 6 days (IQR: 3–11 days) from 2012 to 2016 ( P
 0.001). The median hospital stay remained unchanged from

997 to 2016 (6 days). ICU mortality decreased significantly

ver the four time periods, and it was 2.39% in the first, 3.20%

n the second, 2.69% in the third, and 1.38% in the fourth

 P = 0.008). Hospital mortality exhibited the same trend, with

espective rates of 4.61%, 5.00%, 3.32%, and 1.70% ( P = 0.002)

 Table 1 and Figure 2 ). 
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Figure 2. Changes in SAE admissions, ICU mortality, and hospital mortality, and the use of IMV, NIV, and catecholamine over the study period. The proportion of 

admissions to the ICU for SAE decreased over time, as did ICU mortality and hospital mortality. The use of catecholamine almost disappeared from 2005. The use of 

mechanical ventilation remained infrequent. ICU: Intensive care unit; IMV: Invasive mechanical ventilation; NIV: Non-invasive mechanical ventilation; SAE: Severe 

asthma exacerbation. 

Table 2 

Changes in associated diagnoses over the study period ∗ . 

Associated diagnoses 
Total period 

( n = 7049) 

1997–2001 

( n = 2841) 

2002–2006 

( n = 1717) 

2007–2011 

( n = 965) 

2012–2016 

( n = 1526) 
P value 

Cardiac arrest 132 (1.87) 48 (1.69) 35 (2.03) 21 (2.18) 28 (1.83) < 0.001 

Pneumothorax 80 (1.13) 22 (0.77) 19 (1.10) 8 (0.83) 31 (2.03) 

ARDS 64 (0.90) 26 (0.92) 24 (1.40) 2 (0.21) 12 (0.79) 

Sepsis 27 (0.38) 8 (0.28) 8 (0.47) 5 (0.52) 6 (0.39) 

Pulmonary infection 231 (3.28) 52 (1.83) 33 (1.92) 38 (3.94) 108 (7.08) < 0.001 

Bacterial pneumonia 135 (58.44) 18 (34.62) 32 (96.97) 26 (68.42) 59 (54.63) 

S. pneumoniae 13 (5.62) 1 (1.92) 1 (3.03) 1 (2.63) 10 (9.26) 

H. influenzae 4 (1.73) 0 (0) 0 (0) 0 (0) 4 (3.70) 

Viral pneumonia 8 (3.46) 0 (0) 0 (0) 1 (2.63) 7 (6.48) 

Influenzae 41 (17.75) 3 (5.77) 0 (0) 10 (26.32) 28 (25.93) 

Data were presented as n (%). 
∗ 3206 admissions had associated diagnoses, including 231 diagnoses of pulmonary infection.ARDS: Acute respiratory distress syndrome; S. pneumoniae: Strepto- 

coccus pneumoniae ; H. influenzae: Haemophilus influenzae. 
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AE and associated diagnoses 

Among the 7049 admissions for SAE throughout the study

eriod, 534 had at least one associated diagnosis. A total of 132

dmissions (1.87%) were registered with an associated cardiac

rrest ( Table 2 ). 

AE and respiratory infections 

Pulmonary infections associated with SAE were reported in

31 of the 7049 admissions (3.28%). There was an increase

n pulmonary infections over the four time periods ( P < 0.001,

able 2 ). 

actors associated with mortality 

ICU mortality was 2.41% (170/7049). Patients who died

ended to be older than those who did not, and the respective
212
edian ages were 64 years (IQR: 48–75 years) and 45 years

IQR: 32–58 years) ( P < 0.001). Their illness also tended to be

ore severe and they had more comorbidities. Their median

APS II was 61 (IQR: 43–75) and their median CCI was 1 (IQR:

–1), vs. respective values of 19 (IQR: 13–27) ( P < 0.001) and 0

IQR: 0–1) in those who did not die. ICU mortality was higher

n patients treated with IMV; 14.25% (150/1053) vs. 0.78%

47/5996) ( P < 0.001). Multivariate analysis of factors associ-

ted with mortality is shown in Figure 3 . Briefly, SAPS II (odds

atio [OR] = 1.06, 95% CI: 1.05 to 1.07), RRT (OR = 6.78, 95%

I: 2.79 to 16.49), IMV (OR = 3.86, 95% CI: 2.18 to 6.84), and

atecholamine (OR = 2.6, 95% CI: 1.5 to 4.5) were significantly

ssociated with ICU mortality. Among the secondary diagnoses

ssociated with SAE, cardiac arrest (OR = 13.8, 95% CI: 7.3 to

6.1), sepsis (OR = 5.15, 95% CI: 1.57 to 16.86), pneumothorax

OR = 2.55, 95% CI: 0.19 to 33.73), and ARDS (OR = 2.56, 95%

I: 0.73 to 8.98) were associated with ICU mortality ( P < 0.001).

actors associated with hospital mortality were the same (Sup-
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Figure 3. Forest plot of results of multivariate analysis of factors associated with mortality. 

ARDS: Acute respiratory distress syndrome; IMV: Invasive mechanical ventilation; OR: Odds ratio; RRT: Renal replacement therapy; SAPS II: Simplified Acute 

Physiology Score II. 
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lementary Table S1). Comorbidities were associated with ICU

ortality in multivariate analysis. 

iscussion 

In this study, there was a decrease in the proportion of ICU

dmissions for SAE from 1997 to 2016. ICU and hospital mor-

ality decreased despite increases in patient severity and age.

he first report of the Global Initiative for Asthma published

n 1995 provided the foundation for asthma guidelines, which

ave undergone a major paradigm shift; a change in the late

990s from an opinion-based to an evidence-based approach for

he management of asthma severity.[ 13 ] The notable decrease in

AE admissions during the study period may imply better con-

rol and a clearer understanding of this inflammatory disease

ver the years,[ 14 ] and a possible decrease in ambient air pollu-

ion. These same factors may have contributed to the observa-

ion that only older and more severely ill patients required ICU

dmission. 

SAE is characterized by a major increase in airway resistance

nd a dramatic reduction in expiratory flow, with resultant ma-

or dynamic hyperinflation.[ 15 ] Studies have shown that patients

ith severe airflow obstruction receiving mechanical ventila-

ion are at risk of inadvertent pulmonary hyperinflation with

orbidity and mortality caused by pneumothorax and circula-

ory depression. Given the high mortality risk in severe intu-

ated patients, avoiding IMV is an essential goal.[ 16–21 ] 

The evidence regarding the role of NIV in asthma is weak

nd no recommendation is offered in the latest guidelines.[ 22 ] 

 few uncontrolled studies have compared NIV to routine care

n cases of acute respiratory failure due to SAE, and reported

hysiological improvements in some patients.[ 23 , 24 ] In several

bservational studies NIV improved ventilation/perfusion mis-

atch, decreased the work of breathing, and had a bronchodila-

or effect,[ 20 , 21 ] and it was used in patients with SAE as a

eans to obviate the need for intubation and IMV and asso-

iated detrimental effects.[ 25–27 ] A review of the effects of NIV

n SAE concluded that its benefits include reducing the burden

n respiratory muscles, diminishing airway resistance, and im-

roving gas exchange.[ 28 ] Nonetheless, its use should not de-
213
ay intubation when needed.[ 29 ] Notably, a meta-analysis re-

orted that the use of NIV in SAE did not improve outcomes.[ 30 ] 

iven the unclear effects of NIV in SAE patients on mortal-

ty, intubation, and length of ICU stay, the European Respira-

ory Society/American Thoracic Society Guidelines Committee

as unable to advocate any recommendation on the use of NIV

or acute respiratory failure due to asthma.[ 31 ] In the present

tudy, there were no substantial changes in IMV or NIV be-

ause their overall use was infrequent. In a large retrospective

merican cohort study, Althoff et al.[ 5 ] analyzed data derived

rom 53,653 patients from 2010 to 2017 at 682 centers in the

nited States. In that cohort, 25% had NIV, 27% had IMV, and

.4 % died. In the current study, the corresponding propor-

ions were lower. The absence of guidelines and strong recom-

endations may explain the differential use of NIV in the two

ountries. 

We speculate that even though the use of mechanical ventila-

ion remained uncommon during the study period, its manage-

ent has improved over the last decade because of strategies

imed at preventing or reducing ventilator-induced lung injury

nd mortality.[ 32 , 33 ] Even if the need for IMV was associated

ith mortality, the need for catecholamine decreased and al-

ost disappeared starting 2005, implying that improvement in

echanical ventilation for SAE may have reduced heart-lung in-

eraction with the lowest dynamic hyperinflation.[ 34 ] If mortal-

ty associated with SAE remains stable despite more severe ill-

ess, it is imperative that clinicians treating such patients have a

lear understanding of how gas trapping can occur, and of how

t may be recognized, measured, and limited. 

The major strength of the present study is the large size of the

opulation included in the CUB-Réa network, with good reliabil-

ty of data pertaining to stays, illness severity, and workload that

acilitated detailed evaluation of changes over two decades.[ 10 ] 

otably, however, a lack of reproducibility of diagnosis coding

n the CUB-Réa network, the retrospective design of this study,

nd the restraints of the database constitute study limitations. 

The parameters of mechanical ventilation were not recorded,

nd neither were details on the timing of ventilation, the se-

uence of ventilation modalities, or the use of medical therapy.

re-admission data such as maintenance therapy, parameters of
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as exchange, body mass index, and smoker status were also not

entioned in the database. Throughout the two-decade study

eriod, the need for catecholamine decreased – almost disap-

earing from 2005 – and outcomes of severe asthma improved,

ith fewer deaths, suggesting better management of hyperinfla-

ion. Notably, however, a lack of tracking negated clear identi-

cation of a possible association between progress in mechani-

al ventilation techniques and improved hyperinflation manage-

ent, and mortality rates related to other interventions such as

CLS were not recorded. 

ECLS was seldom used during the 20-year study period, and

he type of extracorporeal membrane oxygenation, whether it

as veno-venous or veno-arterial, was not specified. There may

lso be bias in the coding of associated diagnoses. Even though

here was an increase in the incidence of infections the num-

ers remained low, probably due to a lack of registration in the

atabase. Whether infections were nosocomial or community-

cquired was not specified in the database. 

onclusions 

The proportion of ICU admissions for SAE decreased over

ime, and patient age, severity of illness, and CCI increased. The

se of mechanical ventilation was uncommon, but patients re-

uiring IMV had a higher mortality rate. Catecholamine use and

ortality rates significantly decreased over time. This likely re-

ulted from better management of SAE in ICUs. 
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