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Optimal peak inspiratory flow rate (PIFR) is crucial for inhalation therapy in patients with
chronic obstructive pulmonary disease (COPD). However, little is known about the impact
of PIFR-guided inhalation therapy on the clinical outcomes among patients with varying
severities of COPD. A PIFR-guided inhalation therapy, including PIFR assessment and
PIFR-guided inhaler education, was introduced in a pay-for-performance COPD
management program in National Taiwan University Hospital. Among 383 COPD
patients, there was significant reduction in incidence of severe acute exacerbation in
the PIFR-guided inhalation therapy (PIFR group) than conventional inhaler education
(control group) (11.9 vs. 21.1%, p � 0.019) during one-year follow-up. A multivariable
Cox’s proportional-hazards analysis revealed that the PIFR-guided inhalation therapy was
a significant, independent factor associated with the reduced risk of severe exacerbation
(adjusted hazard ratio � 0.49, 95% confidence interval, 0.28–0.84, p � 0.011). Subgroup
analysis found PIFR-guided inhalation therapy was more beneficial to patients with older
age, short body stature, COPD stage 1&2, group C&D (frequent exacerbation phenotype),
and using multiple inhalers. This study showed the PIFR-guided inhalation therapy
significantly reduced the incidence of severe acute exacerbation than conventional
inhaler education in patients with COPD. Careful PIFR-assessment and education
would be crucial in the management of COPD.
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INTRODUCTION

Inhalational drug administration and inhaled therapeutic agents play a major role in the
pharmacological management of chronic obstructive pulmonary disease (COPD) (Global
Initiative for Chronic Obstructive Lung Disease, 2020; Celli and Wedzicha, 2019). A patient’s
ability or skill pertaining to the proper use of inhalers and good compliance are both critical factors
associated with the attainment of adequate disease control (Molimard et al., 2017; Gregoriano et al.,
2018). Previous literature has elaborately discussed the technique errors during inhalation therapy
(Laube et al., 2011; Usmani et al., 2018; Cho-Reyes et al., 2019; Usmani, 2019), but little has
mentioned the impact of improper peak inspiratory flow rate (PIFR) in clinical outcomes (Molimard
et al., 2017; Gregoriano et al., 2018; Usmani et al., 2018).
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Either inadequate or excessive inspiratory flow rate during
inhalation therapy has negative impact on drug delivery (Usmani
et al., 2005; Laube et al., 2011; Ibrahim et al., 2015). Inadequate
inspiratory flow rate can lead to inappropriate deagglomeration
of the drug into small particles (Laube et al., 2011), while excessive
inspiratory flow rate leads to increased drug deposition in the
oropharyngeal regions and reduced deposition in the peripheral
regions of the lung (Usmani et al., 2005; Ibrahim et al., 2015).
Several previous studies not only have showed high prevalence of
improper PIFR among COPD patients but also emphasized the
importance of regular assessment of PIFR (Janssens et al., 2008;
Malmberg et al., 2010; Mahler et al., 2013; Kawamatawong et al.,
2017; Mahler, 2017; Ghosh et al., 2019; Chen et al., 2020; Harb
et al., 2020).

Based on PIFR values, clinicians can instruct patients to inhale
medication with precise inhalation force or prescribe inhaler with
proper resistance. Nevertheless, the impact of PIFR-guided
inhalation therapy on COPD patients has not been evaluated.

We hypothesized that COPD patients would benefit from PIFR-
guided inhalation therapy and have improved clinical outcome.
This study was thus conducted to investigate the impact of PIFR-
guided inhalation therapy on the incidence of exacerbation and
all-cause mortality in COPD patients with continuous inhalation
therapy.

MATERIALS AND METHODS

Study Design
In Taiwan, a pay-for-performance program for COPD patients
was introduced by the National Health Insurance Administration
since 2017, which involved the prospective documentation of
patient’s evaluation results, medication prescriptions and the
episodes of disease exacerbation. The diagnosis of COPD was
made in accordance with the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria that is defined as

FIGURE 1 | Peak Inspiratory Flow Rate guided inhalation therapy; DPI: dry powder inhaler; SMI: soft mist inhaler; pMDI: pressurized metered dose inhaler; PIFR:
peak inspiratory flow rate.
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follows: post-bronchodilator forced expiratory volume in 1 s
(FEV1) to forced vital capacity (FVC) ratio (FEV1/FVC ratio)
of less than 70%. The inhalers were prescribed by attending
physicians and all patients received inhaler education from the
same case manager. The inhaler education included
demonstration of the steps of inhaler handling and subsequent
practices under direct observation at intervals of one to three
months.

PIFR-Guided Inhalation Therapy
The PIFR-guided inhalation therapy, including PIFR assessment
and PIFR-guided inhaler education, was introduced since June
2018 (Figure 1). The In-Check Dial G16 (Clement-Clarke
International Ltd., Harlow, United Kingdom) was used to
measure PIFR under simulated-resistance of the prescribed
inhaler. Patients, in sitting position, were asked to perform
three inspiratory maneuvers through In-Check Dial G16. The
optimal PIFR for dry powder inhalers (DPI) ranges from 30 to
90 L/min and 20–60 L/min for a soft mist inhaler (SMI) or a

pressurized metered dose inhaler (pMDI) (Laube et al., 2011;
Mahler, 2017; Sanders, 2017). If the highest PIFR observed was
insufficient for prescribed inhaler, the PIFR against lower
resistance was measured. The PIFR results was given as a
feedback to the primary physicians immediately for
reconsideration of current description. If the PIFR observed
was excessive, the patient will be taught to decrease the
inspiratory forces. With direct biofeedback from In-Check Dial
G16, patients can easily learn how to use the appropriate
inhalation strength. Patients were required to return to the
case manager for reassessment of PIFR and repeatedly
assessed during two subsequent clinical visits to make sure its
optimality.

Data Collection and Follow-Up
Figure 2 showed during May 2017 to March 2019, all COPD
patients in pay-for-performance program in National Taiwan
University Hospital were enrolled. A mirror image study design
was employed to access the impact of PIFR-guided inhalation
therapy. Patients who received conventional inhaler education
before PIFR-guided therapy introduction was defined as control
group and after the intervention, subjects who received PIFR-
guided inhalation therapy was defined as PIFR group (Figure 2).

The patients demographics, results of pulmonary function
tests, smoking status, severity of COPD (in accordance with the
GOLD criteria), type of inhaler devices used, the inhaled
medications and vaccination were documented. Acute
exacerbations were classified into three categories, in
accordance with the GOLD report, namely, mild (relieved by
short acting bronchodilators), moderate (treatment involves
antibiotics or oral corticosteroids, in addition to short acting
bronchodilators) and severe (involves visits to the emergency
department or situations that require hospitalization). Data
pertaining to the timing of the occurrence of mild
exacerbations were self-reported, whereas the dates pertaining
to the episodes of moderate or severe exacerbations were gathered
from the medical records. In addition, the time interval between
the initial inhaler education and the first episode of disease
exacerbation were analyzed. This study was approved by the
institutional review board of the National Taiwan University
Hospital (201905058RINB).

Statistical Analysis
Categorical variables were compared using the chi-square test or
Fisher’s exact test, as appropriate. Difference in continuous
variables were analyzed by means of the Mann-Whitney U
test. The data are presented as numbers (percentages) and
median (25th, 75th percentile). The present study considered a
two-sided p-value of 0.05 as statistically significant. The annual
incidence rate of acute exacerbation was calculated as event/
patient/year and presented with mean (95% confidence intervals).
The incidence rates in each group were compared with incidence
rate ratio and the statistics of significance were determined using
negative binominal statistical test. Kaplan-Meier curve with log-
rank test was used to analyze the time interval from inhaler
education to the first episode of exacerbation. Univariate and
multivariate analysis were performed based on factors

FIGURE 2 | (A) A mirror image study design comparing patients with
COPD before and after the introduction of peak inspiratory flow rate guided
inhalation therapy. (B) Flow chart depicting the enrollment. PIFR group:
patients who received PIFR-guided inhalation therapy.
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significantly differed between both groups in baseline
characteristics and on possible confounding factors mentioned
in previous literatures (Global; Malmberg et al., 2010; Mahler
et al., 2013; Celli and Wedzicha, 2019; Ghosh et al., 2019; Chen
et al., 2020). The median value of age and height were used as the
cutting point in subgroup analysis. The statistical analyses were
performed using the STATA version 14 software (StataCorp
LLC, TX).

RESULTS

Baseline Characteristics
A total of 383 patients with COPD were enrolled. Among
them, 223 (58.2%) patients received conventional inhaler
education (control group) and, after introduction of PIFR-
guided inhalation therapy, 160 (41.8%) patients received
PIFR-guided inhalation therapy (PIFR group). As shown in
Table 1, the baseline characteristics including the age,
height, weight, results of pulmonary function tests,
severity of the disease, smoking status, types of inhalers
used, inhaled medications and vaccination status were
similar.

Among 160 patients in PIFR group, 79 (49.4%) patients had
inappropriate initial PIFR. In those who use dry powder inhalers
(DPI), 9 (16%) out of fifty-seven patients displayed inadequate
PIFR. After the feedback to primary physician, the inhaler was
substituted with another type of inhaler in six patients. On the

TABLE 1 | Baseline characteristics of the study subjects.

Total (n=383) PIFR group (n=160) Control group (n=223) p-value

Age, year 73.4 (65.8,78.7) 73.3 (66.8,78.7) 73.4 (65.6,78.8) 0.798
Male 351 (91.6) 153 (95.6) 198 (88.8) 0.017
Weight, kg 63 (55.0,70.0) 63 (56.0,71.0) 62 (53.7,69.0) 0.175
Height, cm 163.1 (159.3,168.0) 164 (159.3,168.0) 163 (159.3,167.4) 0.322
Body mass index, kg/m2 23.1 (20.5,25.7) 23.1 (20.6,25.8) 23 (20.5,25.7) 0.569
FEV1, L 1.48 (1.19,1.86) 1.50 (1.24,1.93) 1.46 (1.15,1.80) 0.144
FEV1, % predicted 70.5 (56.5,83.4) 71.9 (57.4,85.2) 69.9 (56.5,82.6) 0.523
Maximal inspiratory pressures, cmH2O −75.6 (−55.0,−95.0) −75.3 (−55.0,−93.0) −75.9 (−57.0,−95.0) 0.877
COPD GOLD group 0.748
GOLD group A 102 (26.6) 44 (27.5) 58 (26.0)
GOLD group B 203 (53.0) 85 (53.1) 118 (52.9)
GOLD group C 18 (4.7) 9 (5.6) 9 (4.0)
GOLD group D 60 (15.7) 22 (13.8) 38 (17.0)

Current smoker 106 (27.7) 49 (30.6) 57 (25.6) 0.512
Inhaler type 0.556
pMDI 12 (3.1) 5 (3.1) 7 (3.1)
SMI 62 (16.2) 24 (15.0) 38 (17.0)
DPI 229 (59.8) 94 (58.8) 135 (60.6)
DPI+ (pMDI or SMI) 60 (15.7) 31 (19.4) 29 (13.0)
SMI+pMDI 16 (4.2) 4 (2.5) 12 (5.4)
DPI+DPI 4 (1.0) 2 (1.2) 2 (0.9)

Medication 0.399
LAMA 94 (24.5) 41 (25.6) 53 (23.8)
LABA 12 (3.1) 7 (4.4) 5 (2.2)
LAMA+LABA 148 (38.6) 55 (34.4) 93 (41.7)
ICS+LABA 54 (14.1) 20 (12.5) 34 (15.2)
ICS+LAMA 1 (0.4) 0 (0.0) 1 (0.5)
ICS+LAMA+LABA 74 (19.3) 37 (23.1) 37 (16.6)

Vaccination
Influenza 260 (67.9) 117 (73.1) 143 (64.1) 0.063
Pneumococcus 241 (62.9) 105 (65.6) 136 (61.0) 0.354

Data presented as n (%) or median (25th, 75th percentile). FEV1: forced expiratory volume in 1 s; GOLD: global initiative for chronic obstructive lung disease; pMDI: pressurised metered
dose inhaler; SMI: soft mist inhaler; DPI: dry powder inhaler; LAMA: long-actingmuscarinic antagonist; LABA: long-acting beta2 agonist; ICS: inhaled corticosteroid; PIFR: peak inspiratory
flow rate. PIFR group: patients who received PIFR-guided inhalation therapy.

FIGURE 3 | Incidence of acute exacerbation of chronic obstructive
pulmonary disease within one year among the patients in the PIFR group and
control group. AE: acute exacerbation. RR: relative risk. CI: confidence
intervals.
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contrary, 32 (56%) DPI users, 18 (90%) pMDI users and 26 (87%)
SMI users displayed excessive PIFR, and after education, they
performed optimal PIFR in the subsequent check-ups.

Severe Acute Exacerbation
Compared to the control group, there was a significant reduction
in the incidence (11.9 vs. 21.1%, relative risk 0.56, p < 0.05,
Figure 3) and incidence rate (0.18 vs. 0.43, incidence rate ratio
0.52, p < 0.05, Table 2) of severe exacerbation within one-year

follow-up in the PIFR group (Hazard ratio 0.49, 95% CI
0.28–0.84, p < 0.05, Figure 4). The incidence of total
exacerbation and all-cause mortalities were similar among two
groups (Supplementary Table S1).

In univariable analysis using Cox’s proportional-hazards
analysis, the introduce of PIFR guided inhalation therapy,
higher BMI, FEV1 ≥ 50% (GOLD stage1&2), less
exacerbation in previous one year (GOLD group AandB)
and single inhaler usage were associated with reduced
probability of severe acute exacerbation. Multivariable
analysis showed that the introduce of PIFR-guided
inhalation therapy (Hazard ratio, HR � 0.48, 95%
confidence interval, CI � 0.28–0.83, p < 0.05) and less
exacerbation in previous one year (GOLD group AandB
classification) (HR � 0.34, 95% CI � 0.21–0.57, p < 0.05)

were two independent factors associated with the lower risk
of severe acute exacerbation within one year (Table 3).

Figure 5, Supplementary Figure S1 showed PIFR-guided
inhalation therapy reduced risk of severe acute exacerbation in
one year especially in subgroups of older age (HR � 0.45, 95%
confidence interval, CI � 0.20–1.00, p < 0.05), shorter body
stature (HR � 0.32, 95% confidence interval, CI � 0.13–0.78,
p < 0.05), COPD GOLD stage 1&2 (HR � 0.53, 95% confidence
interval, CI � 0.28–1.00, p � 0.05), COPD GOLD group C&D

TABLE 2 | One year incidence rates and incidence rate ratios of acute exacerbation in respect of severity among the study subjects.

PIFR group (n = 160) Control
group (n = 223)

Incidence rate ratio
(PIFR group to
control group)

p value

Total AE 0.88 (0.71–1.06) 1.14 (0.94–1.34) 0.84 (0.62–1.13) 0.245
Mild AE 0.11 (0.06–0.16) 0.17 (0.11–0.23) 0.68 (0.37–1.23) 0.203
Moderate AE 0.55 (0.42–0.68) 0.55 (0.28–0.57) 1.11 (0.79–1.57) 0.546
Severe AE 0.18 (0.09–0.27) 0.43 (0.28–0.57) 0.52 (0.32–0.87) 0.012
Moderate-severe AE 0.77 (0.60–0.94) 0.98 (0.79–1.16) 0.88 (0.64–1.20) 0.401

Data presented as mean (95% confidence intervals). AE: acute exacerbation. Incidence rate was calculated as events/patient/year. PIFR group: patients who received PIFR-guided
inhalation therapy.

FIGURE 4 | Kaplan-Meier time-to-event plot and log-rank test for time to
first severe acute exacerbation among PIFR group and control group.

TABLE 3 | Factors associated with the risk of severe exacerbation within one year.

Univariable analysis Multivariable analysis

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

PIFR vs. control group 0.49 0.28–0.84 0.009 0.48 0.28–0.83 0.008
Age, year 1.01 0.98–1.03 0.626 — — —

Male gender 0.90 0.39–2.09 0.811 — — —

BMI, kg/m2 0.93 0.87–0.99 0.046 0.96 0.90–1.03 0.239
GOLD stage (1&2 vs. 3&4) 0.43 0.26–0.73 0.002 0.58 0.32–1.04 0.069
GOLD group (A&B vs. C&D) 0.31 0.19–0.51 <0.001 0.34 0.21–0.57 <0.001
Multiple vs. single inhaler device 1.78 1.05–3.02 0.031 1.46 0.83–2.57 0.194
ICS vs. no ICS 1.457 0.89–2.39 0.135 — — —

Current smoker vs. quitted 0.79 0.44–1.40 0.417 — — —

Vaccination
Influenza 0.87 0.52–1.46 0.603 — — —

Pneumococcus 1.33 0.79–2.25 0.288 — — —

PIFR; peak inspiratory flow rate; PIFR group: patients who received PIFR-guided inhalation therapy; BMI: bodymass index; GOLD: global initiative for chronic obstructive lung disease; ICS:
inhaled corticosteroid; CI: confidence interval.
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(HR � 0.36, 95% confidence interval, CI � 0.14–0.88, p < 0.05),
and using at least two types of inhalers at the same time (HR �
0.22, 95% confidence interval, CI � 0.07–0.65, p < 0.05).

DISCUSSION

In this retrospective analysis of prospectively collected data, we
found COPD patients receiving PIFR-guided inhalation therapy
have lower probability of experiencing severe acute exacerbation.
The PIFR-guided inhalation therapy is especially beneficial to
patients of older age, short body stature, COPD GOLD stage 1&2
(FEV1 ≥ 50% predicted of value), COPD GOLD group C&D
(frequent exacerbation phenotype), and using multiple inhalers at
the same time. To our knowledge, no study has been undertaken
to evaluate the impact of PIFR-guided inhalation therapy during
COPD treatment, making this the first.

The devices handling errors during inhalation therapy has
been known as important risk factors that influence the
occurrence of exacerbation of COPD (Global Initiative for
Chronic Obstructive Lung Disease, 2020; Molimard et al.,
2017; Usmani et al., 2018). High prevalence of inappropriate
PIFR has also been found in patients using DPIs (Janssens et al.,
2008; Mahler, 2017; Ghosh et al., 2019; Chen et al., 2020; Harb
et al., 2020) and several previous studies showed 20–78% study
population had suboptimal PIFR. Furthermore, in our previous
study, a considerable proportion of COPD patients had excessive
PIFR when using medium-low or low resistance DPIs (Chen
et al., 2020). Because excessive PIFR may lead to increased
oropharyngeal deposition and suboptimal PIFR results in

improper delivery of the medication, inappropriate PIFR could
result in poor disease control and increasing frequency of disease
exacerbation. This concept was previously demonstrated by the
two randomized control trials conducted by Mahler and
colleagues in 2014 and 2019 (Mahler et al., 2014; Mahler
et al., 2019). The first trial compared the efficacy of nebulized
short acting beta agonist (SABA) with SABA administered
through Diskus inhaler. Among twenty patients with
suboptimal PIFR, authors found that nebulized SABA achieved
better improvement in FVC and inspiratory capacity, compared
to the SABA administered through the Diskus inhaler (Mahler
et al., 2014). Another phase 3b study reported by the same authors
involved 206 patients with suboptimal PIFR and found the
treatment using nebulized long acting muscarinic antagonist in
the patients with FEV1 below 50% of the predicted value resulted
in greater incremental increase in FEV1, compared to using
HandiHaler inhaler (Mahler et al., 2019). Based on the above
two studies, those who use dry powder inhalers with suboptimal
PIFR were referred back to primary physician for reconsideration
of device choice in this study. The resolution is usually choosing a
DPI with lower resistance or changing to pMDI or SMI.

In addition, improper PIFR is also a point of concern in using
SMI and pMDI, particularly in untrained patients (Haidl et al.,
2016). A cross-sectional study by Gregoriano and colleagues,
which involved 165 patients with COPD and asthma, reported
that 17% of the patients did not perform the proper inhalation
maneuver (Gregoriano et al., 2018). A study by Peter and
colleagues screened 13 COPD patients and reported that all
the patients inhaled too fast with pMDI, prior to the initiation
of training (Brand et al., 2008). After the inhaler handling training

FIGURE 5 | Forrest plot pertaining to the hazard ratios of the time interval to the first episode of severe acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) among the patients in the PIFR and control groups, stratified by subgroups. GOLD: Global Initiative for Chronic Obstructive Lung Disease; pMDI: pressurized
metered dose inhaler; SMI: soft mist inhaler; DPI: dry powder inhaler.
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involving PIFR assessment and breath-holding techniques, the
mean whole lung deposition increased from 37 to 53% of the
delivered dose, whereas the oropharyngeal deposition decreased
from 56 to 45% of the delivered dose. In this study, we found
approximately 87–90% of patients using pMDI and SMI have
excessive PIFR. The problem could be solved by teaching patients
to inhale gently and slowly with the direct visual feedback of PIFR
values on the In-Check Dial G16 to patients. This is among the
core concepts of PIFR-guided inhalation therapy which involve
not only identifying suboptimal PIFR but also helping patients to
adjust themselves to exerting the ideal effort on medication
inhalation.

A study by Loh and colleagues showed among 123 patients, 64
(52%) had suboptimal PIFR and had greater scores in the COPD
assessment test, more frequent re-admissions due to COPD
within 90 days, and fewer days to re-admission after treatment
initiation (Loh et al., 2017). In this study, we also found among
160 patients having PIFR assessment, 79 (49.4%) patients had
inappropriate initial PIFR. After PIFR guided inhalation therapy,
there was a significant reduction in the incidence and risk of
severe acute exacerbation. Further, since the PIFR guided
inhalation therapy is an independent factor associated with
reduced probability of severe acute exacerbation both in
univariable and multivariable analysis models, the importance
of this intervention cannot be over emphasized.

According to previous reports, several factors such as older
age, female gender, short stature, reduced inspiratory capacity,
inspiratory muscle weakness and acute status post exacerbation
were strongly associated with suboptimal PIFR (Weiner and
Weiner, 2006; Janssens et al., 2008; Malmberg et al., 2010;
Mahler et al., 2013; Kawamatawong et al., 2017; Mahler, 2017;
Sharma et al., 2017; Ghosh et al., 2019; Harb et al., 2020;
Samarghandi et al., 2020). It can explain why in subgroup
analysis of this study patients with elder age, short body
stature and frequent exacerbation phenotype (GOLD group
C&D) had reduced risk of severe acute exacerbation after
receiving PIFR-guided inhalation therapy (Figure 5,
Supplementary Figure S1).

Furthermore, the PIFR-guided inhalation therapy may be
particularly important in patients prescribed with a
combination of different types of devices, such as DPI with
SMI, DPI with pMDI or even two types of DPIs with different
resistances. A previous study by Hira and colleagues analyzed the
inhalation flow pattern in ten participants who were prescribed
with a combination of DPI and SMI (Hira et al., 2018), they found
the patients frequently confused DPI with SMI. In the current
study, we also found more patients using multiple inhalers at one
time in those with initial inappropriate PIFR than those with
initial appropriate PIFR (30.4 vs. 8.6%, p � 0.001, Supplementary
Table S1). After PIFR assessment and inhaler education,
significant improvement in the inhalation profile was
observed. This could explain why the implementation of
PIFR-guided inhalation therapy was especially beneficial to
patients using multiple inhaler devices (Figure 5).

This study has certain limitations. Firstly, the predominance of
the male gender, which is a feature of the population affected by
COPD in Taiwan, may not represent the spectrum of the global

population affected. Accordingly, several previous studies have
reported that the female gender is an important predictor of
reduced PIFR. In contrast, it was not observed to have significant
effect in this study. Second, the data pertaining to the events of acute
exacerbation in some patients may have been overlooked and were
not included in the current retrospective analysis, especially the
events that occurred in other hospitals. However, because all the
patients were prospectively enrolled in the national COPD care
program of Taiwan, most data pertaining to the relevant events and
othermedical details can be traced on the e-cloud system of National
Health Insurance in Taiwan. Finally, without randomization and
blindness, the present study may include confounding factors, such
as the implementation of pulmonary rehabilitation (Weiner and
Weiner, 2006), whichmay affect the inspiratory flow rate; the change
of therapeutic strategies or regimens with disease status or with
updated guidelines such as serum biomarker directed inhaled
corticosteroid treatment (Sivapalan et al., 2021), better treatment
of comorbidities by multidiscipline members, which may all affect
the outcome of acute exacerbation. In the future, further research
involving prospectively randomized control study is necessary to
overcome these limitations.

CONCLUSION

Inappropriate PIFR during inhalation therapy is indeed an
important factor in inhaler handling, thus the role of PIFR
assessment had been put on emphasis in recent years and even
proposed to be an emerging biomarker in COPD treatment
(Mahler, 2019). In this cohort study, we demonstrated that the
incorporation of PIFR-guided inhalation therapy into COPD
treatment plan could reduce the risk of severe acute
exacerbation. It is especially beneficial in patients with older
age, short body stature, FEV1 ≥ 50%, frequent exacerbation
phenotype and using multiple inhalers at the same time.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by National Taiwan University Hospital. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

SC, CH, HP, CY, and JC participated in data collection, analysis,
and interpretation. HP, HT, and JC provided materials and
technical support. SC, CH, HP, HT, CY, and JC participated

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 7043167

Chen et al. PIFR-Guided Inhalation Therapy

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


in critical discussion of research design and review of the
manuscript. SC, CH, and JC participated in the conception
and design of the study and wrote the manuscript.

FUNDING

This study was supported by funding from the Ministry of
Science and Technology, Taiwan (MOST 109-2314-B-002-
182) and National Taiwan University Hospital Hsin-Chu
Branch, Taiwan (110-HCH089).

ACKNOWLEDGMENTS

We thank the staff ofDepartment ofMedical Research,National Taiwan
University Hsin-Chu Hospital for their assistance in statistical analysis.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.704316/
full#supplementary-material

REFERENCES

Brand, P., Hederer, B., Austen, G., Dewberry, H., and Meyer, T. (2008).
Higher Lung Deposition with Respimat Soft Mist Inhaler Than HFA-
MDI in COPD Patients with Poor Technique. Int. J. Chron. Obstruct
Pulmon Dis. 3, 763–770. doi:10.2147/COPD.S3930

Celli, B. R., and Wedzicha, J. A. (2019). Update on Clinical Aspects of Chronic
Obstructive Pulmonary Disease. N. Engl. J. Med. 381, 1257–1266. doi:10.1056/
nejmra1900500

Chen, S. Y., Huang, C. K., Peng, H. C., Yu, C. J., and Chien, J. Y. (2020).
Inappropriate Peak Inspiratory Flow Rate with Dry Powder Inhaler in
Chronic Obstructive Pulmonary Disease. Sci. Rep. 10, 7271. doi:10.1038/
s41598-020-64235-6

Cho-Reyes, S., Celli, B. R., Dembek, C., Yeh, K., and Navaie, M. (2019). Inhalation
Technique Errors with Metered-Dose Inhalers Among Patients with
Obstructive Lung Diseases: A Systematic Review and Meta-Analysis of U.S.
Studies. J. Copd F 6, 267–280. doi:10.15326/jcopdf.6.3.2018.0168

Ghosh, S., Pleasants, R. A., Ohar, J. A., Donohue, J. F., and Drummond, M. B.
(2019). Prevalence and Factors Associated with Suboptimal Peak Inspiratory
Flow Rates in COPD. Copd Vol. 14, 585–595. doi:10.2147/copd.s195438

Global Initiative for Chronic Obstructive Lung Disease (2020). “Global Strategy for
the Diagnosis, Management, and Prevention of Chronic Obstructive
Pulmonary Disease (2020 Report),”. Available at https://goldcopd.org/wp-
content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf (accessed
Jun 9th, 2020).

Gregoriano, C., Dieterle, T., Breitenstein, A. L., Dürr, S., Baum, A., Maier, S., et al.
(2018). Use and Inhalation Technique of Inhaled Medication in Patients with
Asthma and COPD: Data from a Randomized Controlled Trial. Respir. Res. 19,
237. doi:10.1186/s12931-018-0936-3

Haidl, P., Heindl, S., Siemon, K., Bernacka, M., and Cloes, R. M. (2016). Inhalation
Device Requirements for Patients’ Inhalation Maneuvers. Respir. Med. 118,
65–75. doi:10.1016/j.rmed.2016.07.013

Harb, H. S., Laz, N. I., Rabea, H., and Abdelrahim, M. E. A. (2020). Prevalence and
Predictors of Suboptimal Peak Inspiratory Flow Rate in COPD Patients. Eur.
J. Pharm. Sci. 147, 105298. doi:10.1016/j.ejps.2020.105298

Hira, D., Koide, H., Nakamura, S., Okada, T., Ishizeki, K., Yamaguchi, M.,
et al. (2018). Assessment of Inhalation Flow Patterns of Soft Mist Inhaler
Co-prescribed with Dry Powder Inhaler Using Inspiratory Flow Meter
for Multi Inhalation Devices. PLoS One 13, e0193082. doi:10.1371/
journal.pone.0193082

Ibrahim, M., Verma, R., and Garcia-Contreras, L. (2015). Inhalation Drug Delivery
Devices: Technology Update. Med. Devices (Auckl) 8, 131–139. doi:10.2147/
MDER.S48888

Janssens, W., Vandenbrande, P., Hardeman, E., De Langhe, E., Philps, T.,
Troosters, T., et al. (2008). Inspiratory Flow Rates at Different Levels of
Resistance in Elderly COPD Patients. Eur. Respir. J. 31, 78–83. doi:10.1183/
09031936.00024807

Kawamatawong, T., Khiawwan, S., and Pornsuriyasak, P. (2017). Peak Inspiratory
Flow Rate Measurement by Using In-Check DIAL for the Different Inhaler
Devices in Elderly with Obstructive Airway Diseases. J. Asthma Allergy Vol. 10,
17–21. doi:10.2147/jaa.s127580

Laube, B. L., Janssens, H. M., De Jongh, F. H. C., Devadason, S. G., Dhand, R., Diot,
P., et al. (2011). What the Pulmonary Specialist Should Know about the New
Inhalation Therapies. Eur. Respir. J. 37, 1308–1417. doi:10.1183/
09031936.00166410

Loh, C. H., Peters, S. P., Lovings, T. M., and Ohar, J. A. (2017). Suboptimal
Inspiratory Flow Rates Are Associated with Chronic Obstructive Pulmonary
Disease and All-Cause Readmissions. Ann. ATS 14, 1305–1311. doi:10.1513/
annalsats.201611-903oc

Mahler, D. A. (2017). Peak Inspiratory Flow Rate as a Criterion for Dry Powder
Inhaler Use in Chronic Obstructive Pulmonary Disease. Ann. Am. Thorac. Soc.
14, 1103–1107. doi:10.1513/AnnalsATS.201702-156PS

Mahler, D. A., Ohar, J. A., Barnes, C. N., Moran, E. J., Pendyala, S., and
Crater, G. D. (2019). Nebulized versus Dry Powder Long-Acting
Muscarinic Antagonist Bronchodilators in Patients with COPD and
Suboptimal Peak Inspiratory Flow Rate. Chronic Obstr Pulm. Dis. 6,
321–331. doi:10.15326/jcopdf.6.4.2019.0137

Mahler, D. A. (2019). Peak Inspiratory Flow Rate: An Emerging Biomarker in
Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 199,
1577–1579. doi:10.1164/rccm.201901-0005le

Mahler, D. A., Waterman, L. A., and Gifford, A. H. (2013). Prevalence and COPD
Phenotype for a Suboptimal Peak Inspiratory Flow Rate against the Simulated
Resistance of the Diskus Dry Powder Inhaler. J. Aerosol Med. Pulm. Drug Deliv.
26, 174–179. doi:10.1089/jamp.2012.0987

Mahler, D. A., Waterman, L. A., Ward, J., and Gifford, A. H. (2014). Comparison of
Dry Powder versus Nebulized Beta-Agonist in Patients with COPDWho Have
Suboptimal Peak Inspiratory Flow Rate. J. Aerosol Med. Pulm. Drug Deliv. 27,
103–109. doi:10.1089/jamp.2013.1038

Malmberg, L. P., Rytila, P., Happonen, P., and Haahtela, T. (2010). Inspiratory
Flows through Dry Powder Inhaler in Chronic Obstructive Pulmonary Disease:
Age and Gender rather Than Severity Matters. Int. J. Chron. Obstruct Pulmon
Dis. 5, 257–262. doi:10.2147/copd.s11474

Molimard, M., Raherison, C., Lignot, S., Balestra, A., Lamarque, S., Chartier, A.,
et al. (2017). Chronic Obstructive Pulmonary Disease Exacerbation and Inhaler
Device Handling: Real-Life Assessment of 2935 Patients. Eur. Respir. J. 49,
1601794. doi:10.1183/13993003.01794-2016

Samarghandi, A., Ioachimescu, O. C., and Qayyum, R. (2020). Association between
Peak Inspiratory Flow Rate and Hand Grip Muscle Strength in Hospitalized
Patients with Acute Exacerbation of Chronic Obstructive Pulmonary Disease.
PLoS One 15, e0227737. doi:10.1371/journal.pone.0227737

Sanders, M. J. (2017). Guiding Inspiratory Flow: Development of the In-Check
DIALG16, a Tool for Improving Inhaler Technique. Pulm.Med. 2017, 1495867.
doi:10.1155/2017/1495867

Sharma, G., Mahler, D. A., Mayorga, V. M., Deering, K. L., Harshaw, Q., and
Ganapathy, V. (2017). Prevalence of Low Peak Inspiratory Flow Rate at
Discharge in Patients Hospitalized for COPD Exacerbation. Chronic Obstr
Pulm. Dis. 4, 217–224. doi:10.15326/jcopdf.4.3.2017.0183

Sivapalan, P., Bikov, A., and Jensen, J. U. (2021). Using Blood Eosinophil Count as
a Biomarker to Guide Corticosteroid Treatment for Chronic Obstructive
Pulmonary Disease. Diagnostics (Basel) 11, 236. doi:10.3390/
diagnostics11020236

Usmani, O. S., Biddiscombe, M. F., and Barnes, P. J. (2005). Regional Lung
Deposition and Bronchodilator Response as a Function of β2-Agonist

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 7043168

Chen et al. PIFR-Guided Inhalation Therapy

https://www.frontiersin.org/articles/10.3389/fphar.2021.704316/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.704316/full#supplementary-material
https://doi.org/10.2147/COPD.S3930
https://doi.org/10.1056/nejmra1900500
https://doi.org/10.1056/nejmra1900500
https://doi.org/10.1038/s41598-020-64235-6
https://doi.org/10.1038/s41598-020-64235-6
https://doi.org/10.15326/jcopdf.6.3.2018.0168
https://doi.org/10.2147/copd.s195438
https://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf
https://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf
https://doi.org/10.1186/s12931-018-0936-3
https://doi.org/10.1016/j.rmed.2016.07.013
https://doi.org/10.1016/j.ejps.2020.105298
https://doi.org/10.1371/journal.pone.0193082
https://doi.org/10.1371/journal.pone.0193082
https://doi.org/10.2147/MDER.S48888
https://doi.org/10.2147/MDER.S48888
https://doi.org/10.1183/09031936.00024807
https://doi.org/10.1183/09031936.00024807
https://doi.org/10.2147/jaa.s127580
https://doi.org/10.1183/09031936.00166410
https://doi.org/10.1183/09031936.00166410
https://doi.org/10.1513/annalsats.201611-903oc
https://doi.org/10.1513/annalsats.201611-903oc
https://doi.org/10.1513/AnnalsATS.201702-156PS
https://doi.org/10.15326/jcopdf.6.4.2019.0137
https://doi.org/10.1164/rccm.201901-0005le
https://doi.org/10.1089/jamp.2012.0987
https://doi.org/10.1089/jamp.2013.1038
https://doi.org/10.2147/copd.s11474
https://doi.org/10.1183/13993003.01794-2016
https://doi.org/10.1371/journal.pone.0227737
https://doi.org/10.1155/2017/1495867
https://doi.org/10.15326/jcopdf.4.3.2017.0183
https://doi.org/10.3390/diagnostics11020236
https://doi.org/10.3390/diagnostics11020236
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Particle Size. Am. J. Respir. Crit. Care Med. 172, 1497–1504. doi:10.1164/
rccm.200410-1414oc

Usmani, O. S. (2019). Choosing the Right Inhaler for Your Asthma or COPD
Patient. Ther. Clin. Risk Manag. Vol. 15, 461–472. doi:10.2147/tcrm.s160365

Usmani, O. S., Lavorini, F., Marshall, J., Dunlop, W. C. N., Heron, L., Farrington,
E., et al. (2018). Critical Inhaler Errors in Asthma and COPD: a Systematic
Review of Impact on Health Outcomes. Respir. Res. 19, 10. doi:10.1186/s12931-
017-0710-y

Weiner, P., andWeiner, M. (2006). InspiratoryMuscle TrainingMay Increase Peak
Inspiratory Flow in Chronic Obstructive Pulmonary Disease. Respiration 73,
151–156. doi:10.1159/000088095

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chen, Huang, Peng, Tsai, Huang, Yu and Chien. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org June 2021 | Volume 12 | Article 7043169

Chen et al. PIFR-Guided Inhalation Therapy

https://doi.org/10.1164/rccm.200410-1414oc
https://doi.org/10.1164/rccm.200410-1414oc
https://doi.org/10.2147/tcrm.s160365
https://doi.org/10.1186/s12931-017-0710-y
https://doi.org/10.1186/s12931-017-0710-y
https://doi.org/10.1159/000088095
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Peak-Inspiratory-Flow-Rate Guided Inhalation Therapy Reduce Severe Exacerbation of COPD
	Introduction
	Materials and Methods
	Study Design
	PIFR-Guided Inhalation Therapy
	Data Collection and Follow-Up
	Statistical Analysis

	Results
	Baseline Characteristics
	Severe Acute Exacerbation

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


