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ORIGINAL RESEARCH

Lung Function of Children Following an Intensive
Care Unit Admission for Asthma

Sandrine Major, DCS,' Kevin Vézina, MD? and Sze Man Tse, MDCM, MPH?

Background: To determine the lung function of children admitted to the intensive care unit (ICU) for a severe
asthma exacerbation in the medium- to long-term following hospital discharge.

Methods: We performed a retrospective chart review of children =6 years of age admitted to the ICU for a
severe asthma exacerbation at a tertiary care center from January 1, 2000, to December 31, 2013. Lung function
was ascertained during outpatient follow-up visits at 3—12 months and 12-24 months postdischarge. A total of
72 subjects met the inclusion criteria.

Results: Subjects were predominantly boys (56.9%) and had a mean (standard deviation [SD]) age at admission of
10.3 years (3.4 years). The median (interquartile range) length of stay in the ICU was 1 day (1-3 days). Thirty-eight
and 28 subjects performed pulmonary function tests with acceptable technique at the 3—12 months and 12-24
months postdischarge visits, respectively. At 3—12 months, the mean (SD) predicted forced expiratory volume in 1 s
(FEV,) and forced expiratory flow between 25% and 75% of vital capacity (FEF,s_;s) percent were 95.9 (16.7) and
76.7 (25.8), respectively, and 97.4 (17.6) and 70.5 (24.9), respectively, at 12-24 months. FEV/forced vital capacity
(FEV,/FVC) was 81.7 (8.3) at 3—12 months and 79.3 (7.7) at 12-24 months. A paired z-test on 20 subjects who
performed acceptable spirometry at both visits showed a significant intraindividual decrease in FEV; (P=0.008),
FEF,s 75 (P=0.02), and FEV/FVC (P=0.01) between the 2 time points.

Conclusion: Although prospective studies are required to confirm our findings, our study suggests that children
admitted to the ICU for severe asthma exacerbations may be at risk for declining pulmonary function in the

medium- to long-term postdischarge.
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Introduction

STHMA 1S THE most common noncommunicable child-

hood disease," affecting 7.5% of children in the United
States” and 9.4% of Canadian children aged 12-17 years in
2018.> With more than 6,000 hospitalizations for asthma
among Canadians younger than 20 years in 2015-2016 and
75 hospitalizations per 100,000 population in 2018, asthma
remains a leading cause of hospital admissions, despite a
decrease over the past decade.* Of all children hospitalized
for asthma, 6%-34% are admitted to the intensive care unit
(ICU) for severe respiratory distress.””’ The Global In-
itiative for Asthma (GINA) specifically identifies ICU ad-
mission as a risk factor for certain adverse asthma
outcomes.® Specifically, children admitted to the ICU for
asthma are at higher risk for subseguent readmissions for
asthma’® and asthma-related death'® and have a shorter
time to readmission.''

Multiple studies documented genetic associations with
severe asthma exacerbations,'*'? suggesting that children
with severe exacerbations may represent a distinct clinical
phenotype. It is well known that severe asthma exacerba-
tions can lead to complications such as respiratory failure,
pneumothorax, circulatory compromise, or death.'* Fur-
thermore, recent studies suggest that the occurrence of se-
vere asthma exacerbations is associated with an accelerated
loss of lung function over time.'>"'® However, little is known
about the direct long-term effect of a single severe asthma
exacerbations requiring ICU admission on subsequent pul-
monary function tests. Indeed, despite the known high
morbidity and mortality of children with a previous asthma-
related ICU admission, few studies have examined the long-
term functional outcomes of these children, particularly with
regard to lung function. Given that disturbed lung function
noted within the first 6 years of life tends to persist into
adulthood'” and that repeated exacerbations may further
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decrease lung function, it is important to ascertain the tra-
jectory of the pulmonary function of these children. Timely
multifaceted interventions may be implemented to avoid
further decline.

In this study, we documented the lung function of chil-
dren following a severe asthma exacerbation requiring ICU
admission at 3-12 months and 12-24 months after dis-
charge. We also examined the changes in pulmonary func-
tion between the 2 time points.

Methods
Patients and study design

We retrospectively reviewed the medical records of all
children =6 years of age admitted to the ICU of a tertiary
care university hospital (CHU Sainte-Justine, Montreal,
Canada) for a severe asthma exacerbation from January 1,
2000, to December 31, 2013 (defined as the index hospi-
talization). Our institution follows the Canadian Paediatric
Society guidelines regarding criteria for admission to the
ICU for asthma exacerbations.'® These patients were iden-
tified by their primary hospital discharge diagnosis of
asthma (International Classification of Diseases-10 code J45
or J46). The minimum age criterion was chosen to restrict
the study population to children who were most likely able
to cooperate for spirometry testing.® Children with complex
medical conditions'® were excluded. This study was ap-
proved by the local institution’s Research Ethics Board.

Ascertainment of lung function

The primary outcome was lung function as measured by
forced expiratory volume in 1s (FEV,;) at 3—12 months and
12-24 months following the index ICU admission. Sec-
ondary outcomes include other spirometric measures, in-
cluding FEV /forced vital capacity (FEV/FVC) and forced
expiratory flow between 25% and 75% of vital capacity
(FEF,5_75), at the same time points. These pragmatic time
points were chosen as most patients had an outpatient clinic
visit at 3-12 months and 12-24 months postdischarge.
Spirometry was routinely performed during outpatient clinic
visits by trained respiratory therapists according to the
American Thoracic Society (ATS) guidelines.”® Reference
values from the study of Stanojevic et al. were used.”!

Statistical analysis

A descriptive analysis of the demographic and clinical
characteristics at ICU admission of the study cohort and the
pulmonary function (FEV, FEV/FVC, and FEF,5_;5) at 3—
12 months and 12-24 months postdischarge was performed.
We performed a Student’s r-test to compare pulmonary
function measures between the 2 follow-up visits. Further-
more, a paired r-test was performed to evaluate in-
traindividual changes among those who performed
spirometry at both visits. To assess selection bias, subjects
who performed acceptable spirometry at both visits were
compared with those who performed acceptable spirometry
at 1 visit only. The Student’s r-test, Fisher’s exact test, or the
Mann—Whitney U test was used depending on the nature and
normality of the data.
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Results

Eighty-five children were admitted to the ICU for a severe
asthma exacerbation during the study period. Thirteen pa-
tients with complex medical conditions were excluded.
Baseline characteristics of the remaining 72 subjects are
presented in Table 1. The mean age at admission was 10.3
years with a standard deviation (SD) of 3.4, and with 56.9%
of patients being male. The median length of stay in the ICU
and the hospital was 1 and 5 days, respectively, with inter-
quartile range (IQR) of 1-3 and 3-7, respectively. The ma-
jority of our patients were already known for asthma (91.7%)
and had a history of allergies (69.4%). There were few
complications with 13.9% of subjects needing intubation with
mechanical ventilation and 4.2% having experienced a
pneumothorax. There were no deaths in our cohort. Further-
more, every patient left the hospital with a prescription of
daily inhaled corticosteroids alone or in conjunction with a
long-acting B-agonist (Supplementary Table S1).

A total of 48 (67%) patients had an outpatient follow-up
visit in the respiratory medicine clinic of our institution be-
tween 3 and 12 months after their initial ICU admission for
severe asthma exacerbation. The median (IQR) follow-up for
this visit was 3.7 months (2.0-4.8 months). Of these children,
38 (79%) were able to perform a spirometry meeting the ATS
acceptability and repeatability criteria. The median (IQR)
follow-up for the second visit at 12-24 months is 15.0 months
(13.7-17.6 months). Of the 38 patients who had a 12-24
months visit after the initial hospitalization, 28 (74%) per-
formed spirometry meeting the criteria. A total of 20 subjects
had acceptable spirometry at both visits. The ICU admissions
and follow-up visits were distributed fairly equally between
the seasons (Supplementary Table S2).

FEV; and other spirometric measures

Spirometry results of subjects are shown for both visits in
Table 2 (see Supplementary Table S3 for individual values).

TABLE 1. DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF CHILDREN ADMITTED
TO THE INTENSIVE CARE UNIT FOR ASTHMA MEETING
THE STUDY CRITERIA

Total (N=72)

Demographic and patient characteristics

Male, n (%) 41 (56.9)
Age, years, mean (SD) 10.3 (3.4)
Previous diagnosis of asthma, n (%) 66 (91.7)
Eczema, n (%) 23 (31.9)
Allergies, n (%) 50 (69.4)
Maternal asthma, n (%) 22 (30.6)
Paternal asthma, n (%) 18 (25.0)
Clinical characteristics during hospitalization
Intubation, n (%) 10 (13.9)
Pneumothorax, n (%) 34.2)
Death, n (%) 0 0)
Daily ICS alone or with LABA 72 (100)
at discharge, n (%)

Length of stay, days, median (IQR) 5 (3-7)
Length of stay in the ICU, 1 (1-3)

days, median (IQR)

ICS, inhaled corticosteroids; IQR, interquartile range; LABA,
long-acting B-agonist; SD, standard deviation.



TABLE 2. SPIROMETRY OF PATIENTS WITH FOLLOW-UP VISITS AT 3—12 MONTHS AND 12-24 MONTHS

All subjects

Subjects with spirometry at both visits

3-12 Months  12-24 Months Group P-value 3—12 Months 12-24 Months  P-value
(n=38) (n=28) (nonpaired) (n=20) (n=20) (paired)
FEV,
Percent predicted 95.9 (16.7) 97.4 (17.6) 0.29 96.7 (18.1) 89.7 (17.1) 0.008
FEV,, mean (SD)
FEV, <80%, n (%) 8 (21.0) 6 (21.4) — 4 (20.0) 5 (25.0) —
FEV,/FVC
FEV,/FVC, mean (SD) 81.7 (8.3) 79.3 (7.7) 0.24 83.9 (7.0) 78.3 (7.8) 0.01
FEV,/FVC <80%, n (%) 16 (42.1) 14 (50.0) — 5 (25.0) 10 (50.0) —
FEF,s5 75
Percent predicted 76.7 (25.8) 70.5 (24.9) 0.33 80.9 (23.3) 66.2 (24.2) 0.02
FEF25_75, mean (SD)
FEF,5_75 <70%, n (%) 16 (42.1) 14 (50.0) — 6 (30.0) 11 (55.0) —

FEF,5_75, forced expiratory flow between 25% and 75% of vital capacity; FEV,, forced expiratory volume in 1s; FEV/FVC, FEV,/
forced vital capacity; ICU, intensive care unit; IQR, interquartile range.
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FIG. 1. Trajectory and distribution of (a) pre-bronchodilator FEVy; (b) pre-bronchodilator FEV/FVC; and (c) pre-
bronchodilator FEF,5 ;5 in patients with acceptable spirometry at both follow-up visits at 3—12 months and 12-24 months
(n=20). FEF,5_55, forced expiratory flow between 25% and 75% of vital capacity; FEV,, forced expiratory volume in 1 s;

FEV,/FVC, FEV /forced vital capacity.
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The mean (SD) FEV, percent predicted at 3—12 months and
12-24 months were 95.9 (16.7) and 97.4 (17.6), respectively.
Eight (21.0%) patients and 6 (21.4%) patients had an FEV,
<80% predicted at the 2 follow-up visits, respectively. While
the change in FEV, between the 2 visits was not significant
when subjects were grouped (P=0.29), there was a signifi-
cant intraindividual decrease in FEV for the 20 subjects who
had a measure at both time points (P=0.008; Fig. 1a).

The mean (SD) FEV/FVC was 81.7 (8.3) at 3—12 months
and 79.3 (7.7) at 12-24 months, with 16 (42.1%) and 14 (50%)
subjects having an FEV|/FVC <80% at the 2 visits, respec-
tively. The mean (SD) FEF,s ;5 percent predicted was 76.7
(25.8) at 3—12 months and 70.5 (24.9) at 12-24 months, with
16 (42.1%) and 14 (50.0%) subjects having an FEF,s ;5 <70%
at the 2 visits, respectively. Similar to FEV, the changes in
FEV,/FVC and FEF,s 75 between the 2 visits were not sig-
nificant when subjects were grouped (P=0.24 for FEV/FVC
and P=0.33 for FEF,s_75). However, significant intraindividual
decreases in FEV/FVC (P=0.01) and FEF,5 75 (P=0.02)
were observed between the 2 follow-up visits (Fig. 1b, ¢). The
baseline characteristics of children who had acceptable spi-
rometry at both visits (n=20) were comparable to those of
children who only had 1 acceptable spirometry and thus not
included in the paired analysis (Supplementary Table S4). The
baseline characteristics were also comparable between children
who had stable or improving vs declining lung function be-
tween the two visits (Supplementary Table S5).

Discussion

In this study, we retrospectively examined the pulmonary
function of children >6 years of age admitted to the ICU for a
severe asthma exacerbation at a tertiary care center over a pe-
riod of 14 years, at 3-12 months and 12-24 months post-
discharge. We noted that a large proportion of patients had an
obstructive pattern with an FEV/FVC ratio <80% at both
follow-up visits (42.1% and 50% at the respective visits). Fur-
thermore, we documented a significant intraindividual decrease
in FEV, FEV/FVC, and FEF,5_;5 between these 2 time points.

As a group, children in our study had a normal mean FEV of
95.9% and 97.4% predicted at 3—12 months and 12-24 months,
respectively, and ~80% of children had an FEV, >80% pre-
dicted at both time points. However, a large proportion of
children had an FEV/FVC <80% and FEF,5_;5 <70% at both
visits, suggesting that these may be a more sensitive measures of
airway obstruction than FEV, alone.”” While there were no
significant changes in the lung function when children were
compared as a group across the 2 time points, intraindividual
trajectories showed a declining lung function. This observation
may reflect the large range of lung function among the subjects
within each time point and the fact that the mean lung function
measures across the time points may not be sensitive enough to
detect intraindividual changes. While children with lower lung
function at the 3—12 months visit may be preferentially followed
thereafter, baseline characteristics of children who had and did
not have a 12-24 months visit are similar. This finding supports
the hypothesis of declining lung function in the long-term fol-
lowing a severe asthma exacerbation requiring ICU admission.

Several studies support our results of a decline in lung
function following a severe exacerbation. Two studies in
adults suggested a strong association between the frequency of
severe asthma exacerbations and an excess decline in lung
function over time, associated with more severe airway
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obstruction'>? and reduced post-bronchodilator response.*?

Furthermore, 2 small studies performed serial spirometry
measurements in children with asthma following an acute
moderate-to-severe exacerbation. An initial improvement in
lung function, as measured by FEV, and FEF,s_;5 percent
predicted®**> and peak expiratory flow,>* was followed by a
plateau within 1-4 weeks after hospital discharge. Having a
severe exacerbation was associated with a longer time to re-
covery of lung function.”* As part of a large randomized
controlled trial of budesonide versus placebo in early asthma, a
subgroup analysis also documented a statistically significant
decline in mean post-bronchodilator FEV, over a 3-year pe-
riod in children aged 5-10 years who had at least 1 severe
asthma-related event, compared with those who did not.° Tt is
important to note that these studies defined severe exacerba-
tions as an event requiring hospitalization or emergency
treatment due to worsening of asthma. However, our study
focused on those admitted to the ICU. Thus, the children in our
study may be even more vulnerable to subsequent morbidity as
they represent the sickest children with severe exacerbations.

Various factors have been correlated with an excessive
decline in lung function among asthmatic patients, including
male gender, older age, smoking history, and longer duration
of disease.”’ However, the excess loss of lung function fol-
lowing severe exacerbation could be explained by a patho-
logical enhancement of airway remodeling caused by the
intermittent worsening of airway inflammation occurring
during asthma exacerbations.'® However, given that patients
admitted to the ICU for severe asthma exacerbation may be
more prone to having a more severe chronic underlying in-
flammation,'> we cannot ascertain that the decline in lung
function seen in follow-up visits is solely due to the exacer-
bation, as the severity of their asthma and other patient fac-
tors may have a role to play in this finding. More importantly,
independent of whether lung function deteriorated following
ICU admission or ICU admission being a marker of severe
illness, our data suggest that patients admitted to the ICU for
severe asthma exacerbations are at higher risk of lung func-
tion decline and need to be identified to optimize their care.

Little is known about the trajectory of other physiological
and more objective measures such as pulmonary function in
the medium- to long-term after their discharge from the
initial admission to the ICU asthma. In addition to being an
objective measure, airflow limitation within the first 6 years
of life persists into adulthood'” and has been directly linked
to increased mortality in adults with asthma.?® Furthermore,
repeated exacerbations, for which these children are at risk,
significantly predict excess FEV, decline in adults with
asthma'® and lead to impaired maximally attained lung
function.”® Patients with an early decline in their lung
function are at risk for early development of chronic ob-
structive pulmonaroy disease (COPD) or asthma-COPD
overlap syndrome.>**! Thus, the identification of children at
risk for lower lung function may provide an opportunity to
implement multifaceted and timely interventions targeted at
preventing further lung function decline. In addition to lung
function, other patient-oriented outcomes such as quality of
life may be interesting to explore in children following a
severe exacerbation requiring ICU admission.

Our study has strengths and limitations. Despite the limited
sample size of our cohort, we were able to document the
trajectory of lung function in a subset of children up to a
median of 15 months following the initial ICU hospitalization.
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While other studies are needed to confirm our findings, the
decreasing lung function over time in these children is
concerning. Notable limitations of this study include a po-
tential selection bias, as only children followed at our
hospital were studied. However, it is important to note that
our center is the referring institution for a large catchment
area, and therefore, children admitted to the ICU for
asthma are systematically referred to our respirology team
for follow-up. Additionally, due to the retrospective nature
of this study, important factors potentially affecting lung
function could not be analyzed, including medication
prescription and adherence, clinical and socioeconomic
characteristics, baseline lung function, and environmental
triggers. Furthermore, we did not have data on pre- and
post-hospitalization asthma control, patient-oriented out-
comes such as quality of life, and post-bronchodilator
spirometry results, which could be correlated with pul-
monary function tests following ICU admission. Finally,
the lack of a control group in our study does not allow us
to attribute the lung function decline to the severe asthma
exacerbation. However, adult studies have demonstrated
an excess in lung function decline following a severe ex-
acerbation, thus corroborating our findings.

Conclusion

Our study suggests that children admitted to the ICU for
a severe asthma exacerbation may be at risk for declining
lung function several months to years following their initial
hospitalization. If our findings are confirmed by larger
prospective studies, these children would warrant a long-
term follow-up and may benefit from targeted interventions
to prevent subsequent complications.
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