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ABSTRACT

Background: There are no validated quantitative tools for assessing asthma exacerbation, which may cause significant
variation in determining the severity of exacerbation across caregivers. A modified Pulmonary Index Score (mPIS) has been
proposed as a quantitative indicator of the severity of childhood asthma exacerbation. However, the utility of mPIS as a
treatment decision-making tool has not been investigated.

Objective: The aim of the present study was to clarify the utility of therapeutic strategies based on mPIS in children
hospitalized for asthma exacerbation.

Methods: This was a case-control study of patients admitted to our hospital between 2010 and 2015. In addition to the
conventional therapy based on Japanese guidelines, treatment adaptation by using mPIS began in 2013. Children admitted after
2013 were regarded as being in the case group and those before 2012 were the control group. The length of the hospital stay
and the duration of continuous isoproterenol inhalation therapy (CIT) were compared as clinical outcomes.

Results: The targeted number of patients was 346 (182 cases and 164 controls). The mean = standard error age was 3.5 =
0.2 years in the case group and 3.4 = 0.2 years in the control group. Male patients constituted 64.3% of the case group and
60.4% of the control group. The mean * standard error length of hospital stay was significantly shortened in the case group
(8.1 £ 0.2 days versus 9.6 = 0.2 days, p < 0.001). The mean * standard error duration of CIT was also shortened in the case
group (2.3 = 0.1 days versus 3.9 * 0.3 days, p < 0.001).

Conclusion: An mPIS-based therapeutic strategy may have reduced the length of hospital stay by enabling timely
adjustments to clinical interventions and enabling caregivers to perform a more-accurate assessment of asthma exacerbation.

(Allergy Asthma Proc 40:111-115, 2019; doi: 10.2500/aap.2019.40.4203)

sthma is a common and potentially serious chronic
disease that imposes a substantial burden on pa-
tients, their families, and the community. It causes respi-
ratory symptoms, limitations of activity, and flare-ups
that at times require urgent health care. Management of
asthma exacerbations and adequate control are mile-
stones for optimal routine clinical practice. Most child-
hood asthma guidelines recommend classifying an exac-
erbation by using qualitative indicators, including patient
dyspnea and other objective findings,'” which may
cause significant variation in deciding the level of exac-
erbation across caregivers. The modified Pulmonary In-
dex Score (mPIS) is a quantitative indicator for the level of
respiratory distress for childhood asthma.® Introduction
of the mPIS score in a clinical setting enables caregivers to
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have a more accurate assessment of asthma exacerbation,
which standardizes the degree of a patient’s respiratory
distress across caregivers.””

Incorporation of mPIS in a clinical setting is likely
beneficial, but the impact of treatment decisions on
patient outcomes based on that score has not been
investigated. We began to use mPIS to assess a pa-
tient’s level of exacerbation in 2012 and developed an
mPIS-based decision-making flowchart in 2013. The
aim of the present study was to clarify the utility of
therapeutic strategies based on mPIS in patients hos-
pitalized for asthma exacerbation by comparing pa-
tients before and after adaptation of this method.

METHODS

This was a case-control study. The participants were
the children admitted to Showa University Hospital
between 2010 and 2015 due to asthma exacerbation.
Children admitted after 2013 and treated by using the
mPIS-based flowchart were regarded as “cases” and
those hospitalized before 2012 and treated with con-
ventional therapy were regarded as “controls.” Pa-
tients with severe physical disorders, mental retarda-
tion, and congenital malformation syndromes were
excluded. Patients who did not use methylpred-
nisolone, (i.e., mild exacerbation) were also excluded.
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Point 0 1 2 3
Heart rate <3year | <120 | 120-140 | 141-160 | >160
(/min) >3year | <100 | 100-120 | 121-140 | =140
Respiratory rate < 6 year <30 31-45 46-60 >60
(/min) >6year | =20 21-35 36-50 =50
Accessory muscle use None Mild | Moderate | Severe
VE ratio 2:1 1:1 1:2 13
Both VE | Both VE
End ; .
: ; wheeze | wheeze
Wheezing None |expiratory
+ good + bad
only A ;
aeration | aeration
Oxygen saturation (%) >96 93-95 90-92 <90

Figure 1. The mPIS consists of six factors; heart rate, respiratory
rate, accessory muscle use, inspiratory-to-expiratory flow ratio, the
degree of wheezing, and oxygen saturation. The sum of the score
indicates the severity. mPIS = modified Pulmonary Index Score;
I/E = inspiratory-to-expiratory ratio.

Age, sex, a previous diagnosis of asthma by physicians,
administration of continuous inhalation of isoprotere-
nol therapy (CIT), and administration of aminophyl-
line were examined as background factors.

The Definition of Asthma

Asthma was diagnosed based on Japanese pediatric
guidelines for the treatment and management of asthma
(JPGL).® Briefly, children with respiratory distress with
wheezing that responded to short-acting B-agonist
(SABA) inhalation and diagnosed by a physician or had
an episode of recurrent wheezing were treated as asthma
exacerbation. The episodes of wheezing and a physician’s
diagnosis of asthma were obtained from the parents at
admission. A radiograph was obtained in all patients to
exclude other respiratory diseases.

mPIS

The mPIS is shown in Fig. 1. The mPIS is a scoring
system to assess the severity of asthma exacerbation.®
The score consists of six factors with each factor graded
on four levels (0-3 points). The six factors are as fol-
lows: heart rate, respiratory rate, accessory muscle use,
inspiratory-to-expiratory flow ratio, the degree of
wheezing, and oxygen saturation. The sum of the score
shows the severity; the severest score is 18 points. The
scores of mPIS =6-9 points and =10 points are indi-
cations of moderate and severe exacerbation, respec-
tively. General pediatricians scored mPIS at admission
and then at least two times a day during admission.

Primary and Secondary End Points

The primary end point was the difference in the
length of hospital stay before and after introduction of
the therapeutic criteria, and the secondary end point
was the difference in the duration of CIT. Subgroup
analysis was performed to compare the length of hos-
pital stay by the presence or absence of CIT.
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Children admitted because of asthma exacerbation

mPIS at admission
mPIS=9

|

(IVIM+SABA 4 times/day

|

| Evaluate mPIS twice a day

|

lmPIS:O without oxygen supply |

Figure 2. The mPIS-based therapeutic strategy. CIT was started
when mPIS reached =10 and terminated once the score dropped to
=6 points. mPIS = modified Pulmonary Index Score; IVIM =
intravenous injection of methylprednisolone; SABA = short-acting
B-agonist; CIT = continuous inhalation of isoproterenol therapy.

| Evaluate mPIS twice a day |

| |

mPIS=6 | [mPIS=7

Conventional Therapy

According to JPGL, patients were hospitalized if the
severity of exacerbation remained more than moderate
after two or three treatments with SABA inhalation
and an intravenous injection of methylprednisolone
(IVIM) (1 mg/kg/dose). Children with a recurrent his-
tory of severe exacerbations were hospitalized even if
an exacerbation improved to mild. The patients with
moderate exacerbation received intermittent SABA in-
halation (four times a day) and 3-4 mg/kg/day of
IVIM, and those with severe exacerbation received CIT
instead of SABA inhalation. In addition to those treat-
ments, until 2012, intravenous aminophylline injection
had been positively considered as one of the treatment
options for severe asthma. Once the severity of exac-
erbation was reduced to moderate, CIT was stopped
and intermittent SABA inhalation was started. When
the severity of exacerbation improved to mild, IVIM
and SABA inhalation were stopped. The patients were
discharged if they had no symptoms 1 day after stop-
ping IVIM and SABA inhalation.

mPIS-Oriented Therapeutic Strategy

The decision-making flowchart for asthma exacerba-
tion since 2013 is shown in Fig. 2. Based on a clinical
history review in 2012, the criteria that activated treat-
ment were as follows: mPIS of =69 for admission and
treating moderate exacerbation (IVIM and intermittent
SABA inhalation) and mPIS =10 for severe exacerba-
tion treatment (CIT). CIT was continued for at least 12
hours after induction and was deactivated once the
score dropped to =6 points. The score for permission
to discharge was set to 0 points without the supply of
oxygen, IVIM, and intermittent SABA inhalation.
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Table 1 Comparison of characteristics between the case and control groups

Characteristics Case Group (n = 182) Control Group (n = 164) p

Age, mean * SE, y 3502 34 =02 0.896
Boys, no. (%) 117 (64.3) 99 (60.4) 0.452
Asthma diagnosis ever: yes, no. (%) 86 (47.3) 82 (50.0) 0.610
CIT treatment: yes, no. (%) 66 (36.2) 56 (34.1) 0.681
Aminophylline treatment: yes, no. (%) 9 (4.9) 19 (11.6) 0.014
Aminophylline treatment: yes, no. (%) = 4.
SE = Standard error; CIT = continuous inhalation of isoproterenol therapy.
Statistical Analysis P <0.00I

The differences between groups in continuous vari- 10

ables were assessed by using the Mann-Whitney U test.
Differences between the groups in categorical data were
examined by using the Fisher exact test or the Pearson x*
test, depending on the sample size. To exclude con-
founders, stepwise multiple regression analysis was
performed with the length of hospital stay as the ob-
jective variable and with age, sex, history of asthma
diagnosis by physicians, administration of CIT, and
administration of aminophylline as explanatory vari-
ables. P values of <0.05 were regarded as significant.
All analyses were performed with IBM SPSS software,
v24.0.0 (IBM Corp. Armonk, NY).

Ethical Considerations

The study was designed in accordance with the Dec-
laration of Helsinki and the guidelines for the ethics of
an epidemiology investigation from the Ministry of
Health, Labor and Welfare, and the Ministry of Edu-
cation, Culture, Sports, Science and Technology in Ja-
pan. We obtained approval from the ethics committee
of Showa University School of Medicine (Showa-2437).

RESULTS

Descriptive and Outcome Data

There were 375 admissions for asthma exacerbation
during the whole period. Sixteen children (4.3%) were
excluded because of severe physical disorders, mental
retardation, or congenital malformation syndromes.
Thirteen children (3.5%) were excluded because there
was no methylprednisolone use. The remaining 346
patients (92.2%) satisfied the eligibility criteria and
were included in the study. A comparison of back-
ground factors and treatment conditions between case
and control groups is shown in Table 1. The number of
the children in the case and the control groups were
182 and 164, respectively. There was no significant
difference between the groups in mean * standard
error age (3.5 £ 0.2 years versus 3.4 £ 0.2 years, p =
0.896), sex (117 [64.3%] versus 99 [60.4%] male patients,
p = 0.452), previous diagnosis of asthma by physicians
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Figure 3. The difference in the length of hospital stay (primary
outcome in this study). The length of hospital stay was significantly
shortened in the case group (8.1 *+ 0.2 days versus 9.6 * 0.2 days,
p < 0.001).

before admission (86 [47.3%] versus 82 [50.0%], p =
0.610), and prevalence of CIT treatment (66 [36.2%]
versus 56 [34.1%], p = 0.681). Prevalence of aminoph-
ylline treatment was higher in the control group (9
[4.9%] versus 19 [11.6%], p = 0.014).

Main Results

A comparison of the length of hospital stay between
the case and control group is shown in Fig. 3. Com-
pared with the patients before the flowchart was intro-
duced, the length of hospital stay was significantly
decreased in case group (8.1 = 0.2 days versus 9.6 = 0.2
days, p < 0.001). A comparison of the CIT duration
between the case and the control groups is shown in
Fig. 4. Compared with the patients before the flowchart
was introduced, the duration of CIT was also signifi-
cantly decreased in case group (2.3 = 0.1 days versus
3.9 * 0.2 days, p < 0.001). The comparison of the length
of hospital stay by the presence or absence of CIT is
shown in Table 2. The length of hospital stay was
significantly shortened in the case group in both pa-
tients who received CIT and those who did not. The
results of uni- and multivariate analyses of the short-
ening of hospitalization days by the new therapeutic
strategy are shown in Table 3. Even after adjustment
for age, sex, previous asthma diagnosis, CIT, and am-
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p<0.001
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control group
(n=164)

case group
(n=182)

Figure 4. The duration of continuous inhalation of isoproterenol
therapy (secondary outcome in this study). The duration of continuous
inhalation of isoproterenol therapy was significantly shortened in the
case group (2.3 = 0.1 days versus 3.9 = 0.3 days, p < 0.001).

inophylline administration, the length of hospital stay
was significantly shortened in the case group.

DISCUSSION

Main Findings

The introduction of an mPIS-based therapeutic strat-
egy for asthma exacerbation may have substantially
reduced the length of hospital stay and duration of
CIT. Both the length of hospital stay and the duration
of CIT were shortened by ~1.5 days.

Limitations

These were several limitations to this study. First,
there was a significant difference in the frequency of
the aminophylline administration between the case
and control groups. Because a concern was raised that
aminophylline usage may induce seizure in an infant,
JPGL 2012° gave a recommendation to refrain from its
administration and to provide alternative treatments to
infants. This recommendation may have caused the
significant difference in the asthma treatment between
the groups. To address this issue, we conducted a post
hoc analysis on children hospitalized after 2012 when
there was still a significant difference in the hospital
stay between the case (n = 184) and control (n = 65)
groups (8.3 * 0.2 days versus 9.4 = 0.4 days, p = 0.008).
Hence, the impact of the difference on the aminophyl-
line usage should be insignificant.

Second, even though episodes of recurrent wheezing
and response to SABA during treatment were included
for the diagnosis of asthma, it was not possible to
exclude asthma-like respiratory diseases, e.g., acute
bronchiolitis, exclusively. Because children with these
diseases generally have a poor response to typical
asthma treatment,'’ the difference in hospital stay
among children with a confirmed asthma diagnosis
may be smaller than our findings. Third, because this
was a retrospective study, caregivers varied from year
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to year. To minimize the differences in scoring mPIS,
caregivers were trained to be able to evaluate asthma
exacerbation accurately. Consistency in mPIS across
caregivers was high®; score differences between care-
givers were probably minimal. Fourth, the number of
readmission and CIT reintroduction could not be eval-
uated because of unavailability of data.

Interpretation

Adding an mPIS-based therapeutic strategy to con-
ventional therapy may have improved clinical out-
comes. The reduction in the length of hospital stay was
only 1.5 days. However, because a large number of
children are admitted for asthma exacerbation in
Japan, even a small reduction may bring substantial
economic benefits.'"* The impact of assessment scores
for asthma exacerbations on clinical outcomes, such as
hospital stay and financial cost, was also reported by
Nkoy et al.'* They used a composite score for eight
quality measures and showed a reduction in median
length of hospital stay by 4 hours and a median cost by
$113 per hospitalization. Decreasing the length of hos-
pital stay may lead to a reduction of an otherwise
outsized proportion of health-care costs.

The mPIS-based therapeutic strategy may allow timely
intervention in asthma exacerbation. In addition to reduc-
ing the CIT period, the variation in the CIT period was
lower in patients in the case group. This decrease in
variation may suggest that the physicians were able to
select treatments with confidence by using a quantitative
indicator for the severity of exacerbation. Hence, mPIS
may provide a modernistic perspective for classifying
asthma exacerbations. As shown in Table 2, the CIT
group had a greater reduction of length of hospital stay
than that in the non-CIT group (—2.6 days versus —1.0
days). Therapeutic strategies based on mPIS may be more
effective in severe asthma exacerbation due to the timely
and consistent intervention and termination of the treat-
ment. The mPIS system is a useful scoring system to
readily assess respiratory conditions. Several scoring sys-
tems to evaluate asthma exacerbation have been pro-
posed."”"® We adopted mPIS because the scoring system
is easy to administer daily, does not require a respiratory
function test, and is highly correlated among caregivers.

Generalizability

Our hospital is a tertiary emergency medical facility,
and patient characteristics may have differed from
general hospitals. In fact, 122 children (35.2%) required
CIT treatment, which may mean that children required
intensive medical care.®” However, a significant reduc-
tion of the length of hospital stay was found, even in
patients with non-CIT treatment. Therefore, the mPIS
system may improve clinical outcomes in general hos-
pitals as well.
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Table 2 Comparison in the length of hospital stay by the presence or absence of CIT

Case Group (n = 182) Control Group (n = 164) p
Non-CIT group
Hospital stay, mean *+ SE, days 7.7 %02 8702 <0.001
No. patients 116 108
CIT group
Hospital stay, mean *+ SE, days 8904 115+ 0.5 <0.001
No. patients 66 56

SE = Standard error; CIT = continuous inhalation of isoproterenol therapy.

Table 3 Univariate and multivariate analysis of the shortening of hospitalization days by new therapeutic

strategy

Univariate Analysis

(95% CI)

p Multivariate analysis p
(95% CI)*

Shortening of hospitalization, days

—1.54 (—0.95 to —2.14)

<0.001 —1.49 (—0.93 to —2.05) <0.001

CI = Confidence interval.

*Adjusted for age, sex, previous diagnosis of asthma, administration of continuous inhalation of isoproterenol therapy, and

administration of aminophylline.

CONCLUSION

Appropriate interventions based on mPIS may have
decreased the length of hospital stay and CIT duration.
Recently, the Japanese Pediatric Society of Allergy
published guidelines for childhood asthma, which in-
cludes mPIS as a qualitative indicator for asthma exac-
erbation severity.” Based on our data, we strongly rec-
ommend the management of asthma exacerbation by
using this score. In the future, the appropriate mPIS
cutoff points to activate and deactivate treatment
should be reviewed by using data for adverse events.

ACKNOWLEDGMENTS

We thank the pediatricians who used mPIS at our hospital. We
also thank Toshio Katsunuma, Department of Pediatrics, Jikei Uni-
versity School of Medicine, for his insightful advice.

REFERENCES

1. Global Initiative for Asthma. GINA Report: Global Strategy for
Asthma Management and Prevention. 2018. Available from
https:/ /ginasthma.org/gina-reports/. Accessed December 10,
2018.

2. British Thoracic Society/Scottish Intercollegiate Guideline Net-
work, British Guideline on the Management of Asthma. 2016.
Available from https://www.brit-thoracic.org.uk/document-
library/clinical-information/asthma /btssign-asthma-guideline-
2016/. Accessed December 10, 2018.

3. Primary Care Respiratory Society UK. Asthma Guidelines
Briefing Document. 2017. Available from https://pcrs-uk.org/
briefing-asthma-guidelines. Accessed December 10, 2018.

4. National Institute for Health and Care Excellence. Asthma:
Diagnosis, Monitoring and Chronic Asthma Management. 2017.
Available from https://www .nice.org.uk/guidance /ng80. Ac-
cessed December 10, 2018.

Allergy and Asthma Proceedings

10.

11.

12.

13.

14.

15.

Arakawa H, Hamasaki Y, Kohno Y, et al. Japanese guidelines
for childhood asthma 2017. Allergol Int. 2017; 66:190-204.
Carroll CL, Sekaran AK, Lerer TJ], Schramm CM. A modified
pulmonary index score with predictive value for pediatric
asthma exacerbations. Ann Allergy Asthma Immunol. 2005;
94:355-359.

Maekawa T, Oba MS, Katsunuma T, Ishiguro A, Ohya Y, Na-
kamura H. Modified pulmonary index score was sufficiently
reliable to assess the severity of acute asthma exacerbations in
children. Allergol Int. 2014; 63:603-607.

Koga T, Tokuyama K, Itano A, Morita E, Ueda Y, Katsunuma T.
Usefulness of modified Pulmonary Index Score (mPIS) as a quan-
titative tool for the evaluation of severe acute exacerbation in
asthmatic children. Allergol Int. 2015; 64:139-144.

Hamasaki Y, Kouno Y, Ebisawa M, Kondo N. Japanese pediat-
ric guideline for the treatment and management of asthma 2012
(in Japanese). Japan: Kyowa Kikaku Ltd; 2012; 88-109.

Tan WC, Vollmer WM, Lamprecht B, et al. Worldwide patterns
of bronchodilator responsiveness: results from the Burden of
Obstructive Lung Disease study. Thorax. 2012; 67:718-726.
Patient research. Ministry of Health, Labor and Welfare. Available
from http:/ /www.mhlw.go.jp/toukei/list/10-20.html. Accessed
December 10, 2018.

Nkoy F, Fassl B, Stone B, et al. Improving pediatric asthma care
and outcomes across multiple hospitals. Pediatrics. 2015; 136:
e1602-10.

Greenberg S, Liu N, Kaur A, et al. The asthma disease activity
score: a discriminating, responsive measure predicts future
asthma attacks. ] Allergy Clin Immunol. 2012; 130:1071-
1077.e10.

Chalut DS, Ducharme FM, Davis GM. The Preschool Respira-
tory Assessment Measure (PRAM): a responsive index of acute
asthma severity. ] Pediatr. 2000; 137:762-768.

Birken CS, Parkin PC, Macarthur C. Asthma severity scores for
preschoolers displayed weaknesses in reliability, validity, and
responsiveness. ] Clin Epidemiol. 2004; 57:1177-1181. O

115


https://ginasthma.org/gina-reports/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/
https://pcrs-uk.org/briefing-asthma-guidelines
https://pcrs-uk.org/briefing-asthma-guidelines
https://www.nice.org.uk/guidance/ng80
http://www.mhlw.go.jp/toukei/list/10-20.html

Copyright of Allergy & Asthma Proceedings is the property of OceanSide Publications Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or
email articlesfor individual use.



