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Purpose: Prolonged recovery time of pulmonary function after an asthma exacerbation is a significant burden on asthmatics, and management of
these patients needs to be improved. The aim of this study was to evaluate factors associated with a longer recovery time of pulmonary function
among asthmatic patients hospitalized due to a severe asthma exacerbation. Methods: We retrospectively reviewed the medical records of 89 pa-
tients who were admitted for the management of acute asthma exacerbations. The recovery time of pulmonary function was defined as the time
from the date each patient initially received treatment for asthma exacerbations to the date the patient reached his or her previous best FEV1% val-
ue. We investigated the influence of various clinical and laboratory factors on the recovery time. Results: The median recovery time of the patients
was 1.7 weeks. Multiple linear regression analysis revealed that using regular inhaled corticosteroids (ICS) before an acute exacerbation of asthma
and concurrent with viral infection at admission were associated with the prolonged recovery time of pulmonary function. Conclusions: The pro-
longed recovery time of pulmanary function after a severe asthma exacerbation was not shown to be directly associated with poor adherence to
ICS. Therefore the results indicate that an unknown subtype of asthma may be associated with the prolonged recovery of pulmonary function time
after an acute exacerbation of asthma despite regular ICS use. Further prospective studies to investigate factors affecting the recovery time of pul-
monary function after an asthma exacerbation are warranted.
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INTRODUCTION

Asthma is characterized by episodic bronchial obstruction
that is typically reversible.' Some patients experience severe
asthma exacerbations during their clinical course, which is a
significant burden."* A variety of factors, such as viral upper re-
spiratory infection, pollens, air pollution, and poor adherence
to medication, can induce asthma exacerbations."**® The intro-
duction of safe and effective inhaled corticosteroids (ICSs) has
enabled marked improvement in the control of asthma for
most patients. Indeed, ICS maintains satisfactory asthma con-
trol and also prevents a large proportion of hospital admissions
due to an asthma exacerbation.”

Due to the heterogeneous nature of asthma, the clinical
course of an asthma exacerbation is diverse. A previous study
reported that several parameters of the pulmonary function test
(PFT) usually return to their baseline values within 1-2 weeks,
even after a severe asthma exacerbation,® but in practice we
witness a wide range of recovery times between administration
of therapeutic agents and full recovery from asthma exacerba-
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tions. Prolonged recovery from asthma exacerbations is a high
burden on the patient that can be associated with a poorer
prognosis of asthma.”’ However, factors associated with pro-
longed recovery of asthma exacerbations have not been inves-
tigated so far.

Variable recovery times after asthma exacerbations may be
associated with different responsiveness to corticosteroids.
Some of the studies demonstrated significant variability in pa-
tient response to ICS; 25%-35% of patients with asthma showed
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little improvement in FEV1% and/or bronchial hyper-respon-
siveness (BHR)."'* Others have investigated factors associated
with prolonged recovery time after an asthma exacerbation and
reported that allergic rhinitis, older patient age, and poor asth-
ma control status significantly affected the recovery time of pul-
monary function.”*'* Nevertheless, further studies are needed
to clarify precise causes linked to delayed recovery from an ex-
acerbation because differences in ethnic background or socio-
environmental factors may have an impact on exacerbation
outcome.

In this study, we investigated factors associated with the pro-
longed recovery time of pulmonary function after administra-
tion of appropriate treatment for a severe acute asthma exacer-
bation. We defined ‘severe’ asthma exacerbations as exacerba-
tions which needed administration of systemic steroids and
hospitalization.

MATERIALS AND METHODS

Study population and design

We retrospectively reviewed the medical records of 113 pa-
tients who were admitted for the management of asthma exac-
erbations at our institution, a single university hospital, be-
tween October 2009 and December of 2014. Of the study sub-
jects, we included only 89 who underwent pulmonary function
tests serially during hospitalization and after discharge until
they recovered from their asthma exacerbations. Hospitaliza-
tion was defined as at least 1 day of hospital stay. The recovery
time of pulmonary function was defined as the time lapse from
the admission and initial administration of medications to the
date the patient reached the best FEV1% predicted value after
an asthma exacerbation.

The PFT was performed according to the American Thoracic
Society Guidelines. Standard instructions were given prior to
the examination which was conducted by an experienced tech-
nician. The PFT was serially performed for all study subjects
from the time of admission until they reached the best FEV1%
predicted. The PFT was performed at least twice a week during
hospitalization and was performed every week after discharge
until the patient reached the best FEV1% predicted. The full re-
covery time was defined as the time when the value of FEV1%
predicted was in the range of +10% of the patient’s best value
(during the year prior to an acute exacerbation) was reached.

Baseline demographic data and various clinical parameters of
the study patients were evaluated. Previous history of acute ex-
acerbations, use of controller medications, use of systemic cor-
ticosteroids, previous history of exacerbations requiring hospi-
talization in the past year, duration of asthma, smoking status,
and seasonal tendency toward an acute exacerbation were
evaluated as possible variables associated with the prolonged
recovery time of pulmonary function after an asthma exacerba-
tion. Additionally, we evaluated co-morbid conditions and oth-
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er medical conditions in the study patients, including heart dis-
ease, diabetes mellitus, hypertension, obesity, allergic rhinitis,
and atopic sensitization.

At the time of admission, the presence of concurrent pneu-
monia or upper respiratory infections, oxygen saturation, blood
pressure, heart rate, respiratory rate, body temperature, labora-
tory data, and spirometry results were evaluated. Also, clinical
information obtained during the admission period, such as, the
duration of systemic steroid administration for an asthma exac-
erbation, use of antibiotics, response to antibiotics, and the se-
rial PFT results were assessed. The presence of upper respirato-
ry infection at the time of admission was evaluated with a naso-
pharyngeal swab for respiratory virus PCR. Response to antibi-
otics was considered positive if there was improvement in chest
X-ray findings or a decline in CRP (C-reactive protein) levels
during the admission period.

We performed univariate and multivariate analyses using the
clinical variables listed above to determine risk factors associat-
ed with the prolonged recovery time of pulmonary function.
We divided the study subjects into 2 subgroups based on the
degree of adherence to ICS and performed subgroup analysis
in patients who used ICS regularly.

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS) 20.0 software (IBM Corp., Ar-
monk, NY, USA). Data with a normal distribution are expressed
by using mean =+ standard deviation (SD) values. Summary sta-
tistics are presented as proportions (with 95% confidence inter-
vals [CIs]). For categorical variables, the association between
the recovery time of pulmonary function and variables was ex-
amined using chi-square or Fisher’s exact tests. For continuous
variables, the association between the recovery time of pulmo-
nary function and variables was examined using Student’s £ test
after testing the data for normality. Multivariate linear regres-
sion was performed to examine independent factors associated
with the recovery time of pulmonary function. Variables associ-
ated with pulmonary function recovery at the P<0.05 level in
univariate analysis were considered for inclusion in multivari-
ate analysis. All beta-coefficients are presented with 95% Cls.
All P values were 2-tailed, with P<0.05 considered statistically
significant.

RESULTS

Study patient characteristics

The mean age of the patients was 57.6 £17.9 years (range, 18-
95 years), and 67.4% of the patients were female. Approximate-
ly 61.8% of patients had a previous history of an acute exacerba-
tion, and 21.4% were hospitalized for uncontrolled asthma in
the past year. Two-thirds of the patients had allergic rhinitis.
Current smokers were composed 13% of all study subjects. Oth-
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Table 1. Baseline characteristics of the study patients

Recovery of Pulmonary Function After an Asthma Exacerbation

Table 2. Characteristics of the study patients at the time of admission

Characteristics N (mean+SD/%) Characteristics N (%)
Age 89(57.6+17.9) Needs for 0, 19(21.4)
Female 60 (67.4) Concurrent pneumonia 18(20.2)
Previous history of acute exacerbation 55(61.8) Concurrent viral infection 24(32.0)
Regular use of ICS before exacerbation 58 (65.2) Mean+SD (n=89)
Syste.miF st?roid use for as.thma in the past year 45(50.6) 0, saturation 91 5420.1
Hospitalization for asthma in the past ye?r 19(21.4) Systolic blood pressure 13054213
Seasonal tendency of asthma exacerbation Diastolic blood pressure 8014136
March-May 22(250) Heart rate (beats/min) 936+17.9
June-August 14(159) Respiratory rate (breaths/min) 219449
September-November 16(18.2) Body temperature (°C) 368407
December-February 36410 WBC count (X 10%/uL) 104444
Concomitant disease CRP count (mg/dL) 33454
Ischemic heart disease 8(9.0)
Diabetes melltus 16(18.0) Mean-£SD (n)
Hypertension 28(31.5) IgE count (IU/mL) 582.5+887.5(24)
Obesity (BMI) 36(40.4) Eosinophil count (/uL) 353.0+550.3(10)
Allergic rhinitis 58 (65.2) Sputum eosinaphil count 120£15.2(22)
Atopic sensitization 12(13.5) Sputum neutrophil count 65.1+23.8(22)
Smoking
Non-smoker 54 (60.2) Table 3. The best value and values of function at the time of admission and
Breaialer 23(258) discharge (Mean=+SD [N=89])
Current smoker 12(13.5) Pulmonary Personal Value at Value at
function bestvalue admission discharge
er sociodemographic and baseline clinical characteristics are FEVI% predicted 748£131 44.5£166 6454178
FEV1/FVC (%) 7251194 57.3+16.3 68.0£19.1

presented in Table 1.

Recovery time of pulmonary function

Atotal of 89 patients showed a wide range of recovery times of
pulmonary function. The mean recovery time was 1.7 weeks.
The recovery time showed a normal distribution after natural
log transformation as confirmed by the Shapiro-Wilk normality
test. Natural log-transformed pulmonary function recovery
times were used for all of the subsequent analyses in this study.

Analysis of factors influencing recovery time

Clinical and laboratory characteristics of the patients at the
time of admission are presented in Table 2. The best value of
pulmonary function and serial pulmonary lung functions of in-
dividual patients at the time of admission and discharge are
listed in Table 3. Univariate linear regression analysis showed
that regular ICS use before an asthma exacerbation, presence
of concurrent viral infection at admission, and lower FEV1%
predicted at the time of discharge were likely to prolong the re-
covery time of pulmonary function. By contrast, allergic rhinitis
tended to shorten the recovery time (Supplemental Table 1).

Multivariate linear regression analysis was carried out using
the variables that displayed a P value<0.05 in univariate analy-
sis. Multivariate analysis exhibited that patients who used ICS
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regularly before an asthma exacerbation (P=0.005) and con-
current viral infection at admission were associated with a pro-
longed recovery time of pulmonary function (P=0.008, Table 4).
Regular ICS use was associated with a 0.62-point increase com-
pared to irregular ICS use, and concurrent viral infection at ad-
mission was associated with a 0.61-point change in the log-
transformed recovery time compared to the absence of concur-
rent viral infection.

Since adherence to controller medication is considered a crit-
ical factor influencing the lifetime clinical course of asthma, the
study subjects were divided into 2 subgroups according to the
degree of medication adherence. The recovery time of pulmo-
nary function in the 2 groups is shown in Figure. The sociode-
mographic and baseline clinical characteristics of the patients
were compared between regular ICS users and irregular ICS
users (Supplemental Table 2). The regular ICS users were asso-
ciated with older age, previous history of an acute exacerbation,
systemic steroid use, and history of hospitalization for asthma
in the past year. The incidence of underlying ischemic heart
disease (IHD) was significantly higher and the incidence of
atopic sensitization was significantly lower in the regular ICS
users. Regular ICS use was also associated with concurrent
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Table 4. Multivariate linear regression analysis of factors associated with a
longer recovery time of pulmonary function after an acute asthma exacerbation

Variable Be_te_x 95% CI Pvalue
coefficient
Regular use of ICS before 0.62 -0.19-0.55 0.005
exacerbation
Concurrent viral infection 061 0.18-1.04 0.008
Allergic rhinitis 0.13 -0.38-0.40 0.249

Log-transformed values were used for the recovery time of pulmonary time of
pulmonary function.

Table 5. Multivariate linear regression analysis of the subgroup of regular ICS
users

Variable Bgte} 95% ClI Pvalue
coefficient

Combined viral infection 0.97 0.46-1.49 <0.001

Needs for 0; at admission 0N 0-1.36 0.126

FEV1% predicted at discharge 0.19 -0.02-0 0.361

pneumonia, lower O saturation, lower systolic and diastolic BP
at admission, and lower FEV1% predicted at discharge.

Subgroup analysis was performed for patients who used ICS
regularly before an acute exacerbation of asthma. Univariate
linear regression analysis showed that requirement for inhaled
oxygen at admission, concurrent viral infection at admission,
and lower FEV1% predicted at discharge were likely to prolong
the recovery time of pulmonary function (Supplemental Table
3). Multivariate analysis using variables selected at a P value of
<0.05 in the univariate analysis showed that only concurrent
viral infection at admission was associated with a 0.97-point in-
crease in the log-transformed recovery time of pulmonary func-
tion (P<0.001) (Table 5).

DISCUSSION

The results of our study indicated that patients with an asth-
ma exacerbation showed a wide range of recovery times to
reach the best FEV1 and that regular use of ICS and concurrent
upper respiratory infection at admission were associated with a
prolonged recovery time of pulmonary function. Although fur-
ther studies are warranted, we could speculate that there would
be a certain unknown subtype of asthma associated with the
prolonged recovery time of pulmonary function after an acute
exacerbation despite regular ICS use.

Asthma exacerbations are possibly life-threatening and can
be a significant burden that leads to hospitalization, decline in
lung function, and high medical costs. Asthma exacerbations
are usually induced by exposure to external triggers, such as vi-
ral upper respiratory infection, pollens, and air pollution, al-
though some exacerbations occur without specific causes. Poor
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Figure. Dot plot of recovery time duration according to regular ICS use. Pa-
tients who used regular ICS showed a longer pulmonary function recovery time
compared to those who did not.

adherence to medication could also be a critical factor linked to
asthma exacerbations."**® In addition to the diversity of causes
of asthma exacerbations, the clinical courses of recovery from
an exacerbation are also variable. A previous study has report-
ed that PFT parameters usually return to their baseline values
within 1-2 weeks after an asthma exacerbation.® However, we
see a wide range of time lapse from the administration of thera-
peutic agents to full recovery in patients with an asthma exacer-
bation. Delayed recovery is expected to increase the burden of
asthma. In fact, a severe asthma exacerbation is clearly associ-
ated with a rapid decline in lung function,*® and a longer time
of asthma exacerbations is likely to be associated with a poorer
clinical course of asthma in the long-term follow-up. Thus, fac-
tors affecting recovery from an asthma exacerbation should be
identified and managed because the factors presumably will
have a great impact on outcome of asthma treatment.

In our analyses, the recovery time of pulmonary function after
an asthma exacerbation was remarkably variable, ranging from
1 day to 14 weeks. Our findings are consistent with those of pre-
vious studies that reported recovery of pulmonary function af-
ter a moderate to severe asthma exacerbation required more
than 7 days in two-thirds of children and longer than 14 days in
one-fourth of children.” The frequency of acute asthma exac-
erbations is considered a critical factor affecting the pheno-
types of asthma; however, recovery time after an asthma exac-
erbation has not been considered an important factor for defin-
ing asthma subtypes. Although further clarification is required,
investigation on the influence of various recovery patterns on
asthma phenotypes would be a valuable approach to manage
asthma exacerbations.

Although recent studies have improved our understanding of
the complexity of inflammatory pathways involved in asthma
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exacerbations and their potential relationship with lung func-
tion,*" factors critically linked to poor recovery from asthma
have not been clearly defined. In our study, regular ICS use and
concurrent viral upper respiratory infection at admission were
found to be linked to the prolonged recovery time of pulmo-
nary function. Several other studies have also investigated fac-
tors affecting recovery time after an asthma exacerbation. In
one of these studies, allergic rhinitis was suggested to be a sig-
nificant factor affecting the recovery time of pulmonary func-
tion in children with a moderate to severe asthma exacerba-
tion."” Interestingly, in our study patients with allergic rhinitis
tended to display even a shorter recovery time of pulmonary
function. The reason for this discordant result may have been
attributed to the difference in the study populations, although
further studies are warranted. Another study indicated that sev-
eral factors, including age >40 years, non-atopic asthma, lon-
ger duration of an acute exacerbation before hospital admis-
sion, poor long-term control of asthma, and use of mainte-
nance oral corticosteroids, were associated with the prolonged
recovery time of pulmonary function. These results differ from
ours, which might be attributed to the different ethnic back-
grounds and clinical situations between the 2 groups of study
subjects. Regarding the use of oral corticosteroids, only a few
patients on maintenance oral corticosteroids were included in
our study.

Regular ICS use before an asthma exacerbation was found to
be an important factor for a longer recovery time in our study. It
is reasonable to presume that regular ICS use is not directly as-
sociated with the prolonged recovery time after an asthma ex-
acerbation. Rather, we speculate that regular ICS use is linked
to a unique subtype of asthma showing differences in its under-
lying severity and responsiveness to ICS. In fact, corticosteroid
resistance has been reported in a small group of asthmatic pa-
tients with poorly controlled asthma who showed reversibility
to inhaled 3-agonists, but not to high-dose oral corticosteroid."
Asthmatic patients with corticosteroid resistance more fre-
quently show differences in pathologic features, including
greater thickness of the airway epithelium and basement mem-
brane, than corticosteroid-sensitive asthmatic patients.'” Fur-
ther studies are needed with a larger number of patients to clar-
ify the role of corticosteroid resistance.

The results of our study also indicated that viral respiratory in-
fection was associated with prolonged recovery time after an
asthma exacerbation. Viral respiratory infections are obvious
triggers for asthma exacerbations;*'®" however, there is some
controversy as to whether these viral infections affect the recov-
ery time after an acute exacerbation of asthma. Previous stud-
ies have reported that the severity of asthma exacerbations is
significantly associated with viral respiratory infections.'**
Moreover, less responsiveness to beta 2 agonists has been re-
ported in acute asthmatics with symptoms of viral respiratory
infection.”” In contrast, another study has indicated that the
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Recovery of Pulmonary Function After an Asthma Exacerbation

presence of viral respiratory disease does not influence recov-
ery from an asthma exacerbation in non-hospitalized pa-
tients.”! Further investigations are needed to clarify the effects
of viral respiratory infections on recovery from asthma exacer-
bations.

Our findings also showed that regular ICS users who were
older and had more frequent asthma exacerbations and hospi-
talization in the past year were more frequently treated with
systemic steroids. The incidence of underlying ischemic heart
disease was significantly higher and the incidence of atopic
sensitization was significantly lower in patients who used ICS
regularly. Regular ICS users also typically showed more re-
quirement for inhaled oxygen, concurrent pneumonia at ad-
mission, lower O, saturation, lower BP at admission, and lower
FEV1% predicted at the time of discharge. Therefore, our data
suggest that the regular ICS user group may have included
more severe asthmatics who showed a poorer response to ICS
and a longer recovery time.

With regard to ICS use in asthmatics, adherence to ICS is a
critical factor for the clinical course of asthma. Subgroup analy-
sis of regular ICS users was performed in our study. Univariate
linear regression analysis showed that the need for inhaled oxy-
gen, concurrent viral infection at admission, and lower FEV1%
predicted at the time of discharge were likely to prolong the re-
covery time of pulmonary function. However, only concurrent
viral infection at admission was found to be associated with the
prolonged recovery time of pulmonary function in the multi-
variate linear regression analysis.

There are several limitations of our study. First, this is a retro-
spective study, so PFTs were not performed in all cases. This
may have caused some inaccuracy in determining the precise
day reaching the best FEV1. In addition, the treatment of indi-
vidual patients was also not standardized. Secondly, the best
FEV1 value analyzed in this study may have been inaccurate.
The data on adherence to asthma medication and magnitude
of compliance in individual patients may have been precise be-
cause they were determined by self-reporting at the time of ad-
mission. Thirdly, our investigation was performed only for hos-
pitalized patients. Given that a larger number of patients with
an acute asthma exacerbation were managed in the outpatient
clinic and even at the patient’s home through self-management
instructions, the findings of our study may only represent the
characteristics of a small proportion of asthmatic patients.

In summary, the recovery time of pulmonary function after
an acute exacerbation of asthma varied among patients who
were hospitalized. Regular ICS use before an acute exacerba-
tion of asthma with concurrent viral infection at admission was
an important factor for the recovery time of pulmonary func-
tion. A longer recovery time after a severe asthma exacerbation
was not significantly associated with poor adherence to ICS.
The results of this study indicate that the recovery time after an
acute exacerbation of asthma may be prolonged despite regu-
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lar ICS use probably due to corticosteroid resistance in sub-
types of asthma.
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