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Purpose: Effective treatment of chronic obstructive pulmonary disease (COPD) primarily relies on treatment delivered through
inhaler devices. The effectiveness of dry powder inhalers is compromised by insufficient peak inspiratory flow (PIF). Understanding
the evolution of PIF during hospitalization is crucial for optimizing inhaler selection and improving patient outcomes.

Patients and Methods: A prospective monocentric observational study was conducted at Fribourg Hospital, Switzerland, from
August 2022 to December 2022. PIF was assessed at hospital admission and discharge in all patients with COPD admitted to the
internal medicine division. The primary outcome was the evolution of maximum PIF at a fixed medium-low resistance (R2) during
hospitalization. Secondary outcomes included the variation of PIF in the intra-assessment evaluation and transitioning between
sufficient and insufficient PIF.

Results: Forty-nine patients were enrolled, 61% were men and 65% experienced an acute COPD exacerbation (AECOPD). The
maximum PIF for R2 increased from 64.8 £ 17.2 L/min at admission to 70.7 £ 17.9 L/min at discharge, showing a 5.9 L/min
improvement (95% CI: 2.4-9.5, p < 0.01). A hospitalization >5 days in patients hospitalized for an AECOPD is associated with
a higher increase in PIF (p < 0.05). In the intra-assessment measurement, we observed an increase in PIF in the successive
measurements (p < 0.01).

Conclusion: Hospitalized patients with COPD experienced a significant increase in PIF during their stay. These results appear to be
independent of the reason for hospitalization but need to be confirmed with a larger sample. Nevertheless, these findings underscore
the importance of regular PIF assessment and influence inhaler selection.
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Introduction

Chronic obstructive pulmonary disease (COPD) poses a significant global health challenge, contributing substantially to
mortality and imposing a considerable economic burden worldwide. Projections indicate a further escalation in prevalence and
financial strain in the years ahead.' COPD patients are susceptible to exacerbations, hospitalizations, and increased mortality
rates. Inhaled self-administrated therapy is the cornerstone of pharmacological management, primarily delivered through
inhaler devices.” This way of administration offers the advantage of directly targeting receptors in the central and peripheric
airways, minimizing systemic side effects.’ The primary goals of treatment include symptom control, enhancing the quality of
life, preventing exacerbations, and reducing healthcare utilization, encompassing fewer hospitalizations, emergency ward
visits, medical consultations and less reliever use.” However, inhaler attributes are often overlooked, leading to handling
errors, non-adapted inhalers to the patients characteristics, or inadequate peak inspiratory flow (PIF), which can compromise
treatment effectiveness.*
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Inhalers can be categorized into two types based on how they deliver medication: Pressurized metered-dose inhalers
(pMDIs) and soft mist inhalers (SMIs) are activated by manual triggering by the patient. In contrast, dry powder inhalers
(DPIs) require sufficient inspiratory effort to release the medication.®’

In DPIs, a sufficient PIF is required to overcome the device’s internal resistance. This ensures proper disaggregation
of the powdered drug into fine particles, leading to optimal lung deposition, consistent dose delivery, and a lower risk of
side effects such as oral deposition or incomplete emptying.®® The internal resistance and the required PIF depend on the
specific characteristics of each individual DPL°

Many patients with COPD struggle to achieve a sufficient PIF, which can lead to suboptimal benefits from their
inhaled treatment.” This challenge is particularly prevalent during hospitalizations, with up to 56.9% of patients
experiencing insufficient PIF.'®'? Insufficient PIF is associated with increased and earlier COPD exacerbations, all-
cause and COPD hospitalizations, as well as poorer symptom control, a longer hospital stay, increased COPD inpatient
and COPD intensive care unit (ICU) days.'®'*'® PIF-guided inhalation adaptation showed a lower probability for severe
acute exacerbation of COPD (AECOPD)."*

PIF tends to be lower in female gender, patients with short body stature, higher severity of COPD, lower forced vital
capacity, lower inspiratory capacity, respiratory muscle weakness, hyperinflation and older patient’s age, and it is only
marginally impacted by training efforts.'”'® However, there is a lack of available data regarding the evolution of PIF in
hospitalized patients with COPD.'® Understanding how PIF changes over time is crucial for selecting the most suitable
inhaler during hospitalization and upon discharge.

Hospitalization is a critical period for studying PIF evaluation, as it often coincides with acute physiological stress
and functional decline in patients with COPD.'”2° Factors such as respiratory muscle fatigue, increased airway resistance
with hyperinflation, acute confusion state and overall deconditioning may impact a patient’s ability to generate sufficient
PIF, especially during AECOPD.'”*!%

Therefore, PIF can vary significantly during hospitalization and lead to sub-optimal use of inhalers. In view of the
prevalence of DPIs used with insufficient PIF, hospitalization also seems to be a valuable opportunity to ensure that
patients are able to use their inhaler optimally.*®

We aimed to track the evolution of maximum PIF during hospitalization among patients with COPD. Additionally, we
sought to identify factors associated with either an increase in PIF or persistently insufficient PIF throughout the hospital stay.

Materials and Methods
Study Participants

This prospective monocentric observational study was conducted within the internal medicine division of Fribourg
Hospital, Switzerland, from 1 August 2022 to 31 December 2022. The data were collected in the context of the MIPIF
study. >

All enrolled patients underwent a tailored therapeutic intervention directed by the attending physician and based on
the reason for admission. Patients experiencing an AECOPD were treated with oral or intravenous steroids, and the
inhalation therapy was predominantly customized to include bronchodilators administered via nebulizer while maintain-
ing the use of their pre-hospitalization inhalers.

AECOPD was defined conforming to the GOLD report as an event marked by a worsening of respiratory symptoms,
including dyspnea, cough and sputum production, which occurs over a period of less than 14 days.

In the MIPIF study, patients benefited from an intervention designed to improve inhaler use. This intervention consisted
of a systematic assessment of inhalation technique and PIF on admission, therapeutic education targeted at the errors
identified, and, if necessary, selection of a more suitable inhaler based on a proposed algorithm (Supplement Figure 1).

Inhaler technique and PIF were also assessed at discharge.*

Inclusion Criteria
Eligibility criteria encompassed patients older than 18 years diagnosed with COPD utilizing an inhaler at home and
admitted to the University Teaching and Research Hospital Fribourg (HFR) general internal medicine division. Exclusion
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criteria involved challenges in assessment completion due to language, physical or cognitive impediments, hospitaliza-
tion for less than 72 hours, and prior study inclusion.

Assessment

Within 72 hours of admission to the internal medicine division, a research nurse conducted interviews, collecting
demographic data, and details about COPD and inhaler use. Furthermore, a physiotherapist assessed PIF through
a brief inspiratory maneuver using the In-Check Dial G16® (Alliance Tech Medical, Inc, Hillsborough, NC, USA),
a hand-held device replicating internal resistance profiles of the currently available different inhalers.® Physiotherapists
underwent specific training in In-Check Dial G16® device use.

At admission, PIF was measured against the resistance of the inhalers used by the patient at home, named personal
inhaler, and against a predefined fixed medium-low resistance R2 (Ellipta®™). PIF against resistance R2 was also assessed
at discharge.

We specifically choose specifically the R2 resistance, as it was already widely applied in many other studies.'*'7'%24-26
Patients generally succeed to overcome the critical threshold for lower resistances R1 and R0.%” However, patients with
a moderate to severe COPD often struggle to overcome higher resistances, even though a fact noted in only few studies.
Furthermore, in our country, R2 inhalers, alongside RO devices, the most commonly used.”> As recommended in the
literature, we defined 60 L/min as the sufficient PIF threshold for low to medium-high DPI, respectively, 30 L/min for high-
resistance DPIs.'*® Even small reductions in PIF below the minimal effective threshold can lead to considerable decreases
in drug delivery efficiency.'?

Patients were instructed to inspire as powerful as possible through the In-Check Dial G16®. We documented the
highest value among three consecutive inspiratory maneuvers as the maximum PIF and the mean of these three
measurements as mean PIF. The fixed resistance PIF helped to track PIF during hospitalization. If maximum PIF of
the personal inhaler was below the minimum threshold flow for optimal use, the inhaler was deemed to be used with an

insufficient PIF.®2%2°

Outcome
The primary outcome was the evolution of maximum PIF at a fixed medium-low resistance R2 between admission and
discharge. The primary outcome was assessed across specific subgroups, according to gender, age, presence of
respiratory complaint on admission, presence of COPD exacerbation, length of stay and PIF value on admission. The
diagnosis of exacerbation is established based on documentation provided by the attending physician, considering
hospitalization with a respiratory complaint when an increase in respiratory symptoms compared to the usual pattern
was evident. A sensitivity analysis was carried out using the evolution of the mean PIF.

The secondary outcomes included the prevalence of insufficient PIF at resistance R2 and at resistance of the personal
inhaler. Additionally, the study assessed the variation of the PIF in the intra-assessment evaluation and the proportion of
patients transitioning from insufficient to sufficient PIF or vice versa.

Statistical Analysis

Given the exploratory nature of this study, which aims to investigate potential trends and associations in PIF evolution
without predefined hypotheses, it was not feasible to calculate sample size or statistical power a priori. Consequently, the
sample size was determined based on the available data, acknowledging that the results may require further validation in
larger, more powered studies. The analysis was conducted exclusively on complete cases.

To analyze the primary outcome of the evolution of PIF between admission and discharge, a paired #-test was
employed, with differences in PIF expressed with a 95% confidence interval. Prior to performing the #-test, the normality
of the PIF difference was assessed using histograms, Q—Q plots, and the Shapiro—Wilk test.

The evolution of PIF was studied in different subgroups, namely according to sex (male vs female), age category (<70
years vs >70 years), presence of an AECOPD or respiratory complaint, PIF at admission (< mean value of PIF at
admission vs > mean value of PIF at admission) and length of stay (<5 days vs >5 days). Differences in PIF within these
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subgroups were compared using independent t-tests, with differences expressed with a 95% confidence interval. The
normality of the difference of PIF in each group was checked using graphical methods and the Shapiro—Wilk test.

To better characterize the factors influencing the evolution of PIF between admission and discharge, a multiple linear
regression model was constructed by integrating variables with a potential impact on the evolution of PIF according to
the literature. The variables included in the model were age (categorized as > 70 years or <70 years), sex, group
classification of COPD (Group A or B vs Group E), presence of COPD exacerbation, length of hospital stay (categorized
as >5 days or <5 days), and the initial PIF at admission.'”*' Given the existing scientific literature suggesting that the
evolution of PIF during a COPD exacerbation depends on the duration of hospitalization, an interaction term between the
presence of an AECOPD and the length of hospital stay was introduced into the model.'” To better describe the
interaction between the presence of an AECOPD and length of stay, the difference in PIF over the course of the stay
as a function of the presence or absence of a COPD exacerbation and length of stay is presented graphically.

To assess the differences between the successive PIF measurements at admission, the normality of the differences
between each pair of measurements was evaluated using graphical methods and the Shapiro—Wilk test. If the normality
assumption was violated, the Wilcoxon signed-rank test was employed. The results of the Wilcoxon signed-rank test are
reported, highlighting the median differences along with their interquartile ranges (IQRs) and their statistical significance.

We described the transitions of patients between categories of PIF from admission to discharge. Specifically, we
examined how many patients who were classified as having sufficient or insufficient PIF at admission moved to
a different category at discharge.

Data are presented as mean + standard deviation for normally distributed values, as median and interquartile range for non-
normally distributed values, and as number and percentage for categorical values. All statistical tests conducted are two-sided,
with a significance threshold set at 0.05. Given the exploratory nature of this study, no adjustments were made for multiple
comparisons. Statistical tests were performed using STATA version 17.0 (StataCorp LLC, College Station, Texas).

Ethical Considerations

The study was approved by the Ethics Commission of the Canton of Vaud (project No: BASEC 2021-01122) and all
participants provided written consent. Data anonymization and confidentiality were ensured. The results are reported in
accordance with the “Strengthening the Reporting of Observational Studies in Epidemiology” statement and the study

followed the principles of Declaration of Helsinki.*%'

Results

Patient Characteristics
We included 49 patients into the study. All patients underwent assessment at the fixed resistance R2 at admission and
discharge and were included in the analysis.

Table 1 presents the patients’ characteristics on admission. The mean age was 72 £+ 10 years, with 30 (61%) being
male, 36 (73%) were hospitalized for a respiratory complaint, 32 (65%) for an AECOPD and 14 (29%) were initially

Table | Characteristics of Patients on Admission (Results are Presented with Standard Deviation or in
Percentage Where Appropriate)

Characteristics Total (49) With Without Group difference
AECOPD (32) | AECOPD (17) p-value
Age - mean 71.7 (10.0) 70.3 (10.3) 742 (9.0) 0.2
Male — n 30 (61) 18 (56) 12 (71) 0.4
BMI [kg/m?] - mean 26.7 (7.4) 28.0 (7.8) 24.3 (6.0) 0.1
Smoking 0.5
- Active - n 19 (39) 11 (34) 8 (47)
- Former - n 30 (61) 21 (66) 9 (53)
(Continued)
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Table 1 (Continued).

Characteristics Total (49) With Without Group difference
AECOPD (32) | AECOPD (17) p-value

Length hospital stay — mean days 1.4 (6.7) 11.5 (6.7) 11.2 (7.0) 0.9
Comorbidities — n (%)
Obesity 12 (24) 10 (31) 2 (12) 0.2
Ischaemic cardiopathy 20 (41) 13 (41) 7 (41) [
Chronic heart failure 16 (33) 10 (31) 6 (35) 0.4
Anxiety/depression 11 (22) 8 (25) 3 (I8) 0.7
COPD Classification®- n (%)
Grade 0.8

- Grade | I (2) I (3) 0 (0)

- Grade 2 18 (37) 11 (34) 7 (41)

- Grade 3 11 (22) 6 (19) 5(29)

- Grade 4 8 (l6) 6 (19) 2 (12)

- Grade unknown 11 (22) 8 (25) 3(17.7)
Group <0.001

- Group A 5(10.2) 0 (0) 5(294)

- Group B 10 (20.4) 0 (0) 10 (58.8)

- Group E 34 (694) 32 (100) 2(11.8)
LTOT - n (%) 14 (29) 10 31) 4 (24) 0.7
mMRC - mean (sd) 3.73 (1.1) 3.8 (I.1) 3.5 (1) 0.3
CAT score - mean (sd) 16.55 (7.2) 18.1 (7.4) 13.7 (6.0) 0.04
Hospitalization — n (%)
With respiratory complaint 36 (73) 32 (100) 4 (24) <0.001
With COPD exacerbation 32 (65) 32 (100) 0 (0) <0.001
With ICU stay 14 (29) 10 31) 4 (24) 0.7

Notes: “As reported in the electronic patient record.
Abbreviations: BMI, body mass index; SD, standard deviation; COPD, chronic obstructive pulmonary disease; LTOT, long-term
oxygen therapy at home; Mmrc, modified Medical Research Council; CAT, COPD Assessment Test; ICU, intensive care unit.

admitted to the intensive care unit. The mean hospital stay was 11.4 + 6.7 days. Except for the CAT score (p = 0.04) and
patients with respiratory complaints (p < 0.001), no statistically significant differences were observed between the
AECOPD group and the non-AECOPD group.

Primary Outcome

Upon admission, the mean maximum PIF measured at R2 was 64.8 £ 17.2 L/min, increasing to 70.7 £ 17.9 L/min at
discharge. This resulted in a significant increase in PIF by 5.92 L/min (CI95% 2.4-9.5, p < 0.01) (Figure 1). Figure 2
illustrates the distribution of difference between admission and discharge, 30 patients (61.2%) presented an increase in
PIF during hospitalization and 19 (38.8%) a decrease (Figure 2).

This rise of PIF was also consistent in the sensitivity analysis with the mean PIF measurements, showing a difference
of 6.08 L/min (CI95% 1.8-10.3, p < 0.01), transitioning from 63 + 16.7 L/min to 69.1 + 18.1 L/min.

In subgroup analysis, the evolution of PIF was more favorable in patients with a low initial PIF, with an age under 70,
being female and hospitalized with a respiratory complaint or AECOPD. However, the evolution of PIF during the
hospitalization was not statistically significant in the different subgroups (Table 2). In the AECOPD group, PIF increased
by 7.34 L/min (95% CI: 3.0-11.2, p < 0.01), whereas the increase was 3.2 L/min (95% CI: —=3.1-9.6, p = 0.3) in the non-
AECOPD group. Although the difference between the two groups was not statistically significant, the AECOPD group
showed a more substantial improvement in PIF (Table 2).

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 https: 961



Suter et al

5.92 |/min (C195% 2.4-9.5, p<0.01)

120
1

100

80
1

[L/min]

40

[[] PIFR2 atadmission [[] PIFR2atdischarge

Figure | PIF at admission and discharge.
Abbreviations: Cl, Confidence Interval; PIF, Peak inspiratory Flow; R2, resistance level 2 measured with the In-Check Dial G16®.
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Figure 2 Distribution of difference of PIF at admission and discharge.
Abbreviation: PIF, Peak inspiratory flow.
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Table 2 Subgroup Analysis

PIF Evolution Difference Between | Group Difference
(95% CI) Group (95% CI) p-value
Initial PIF
Lower group (n= 22) 9.1 (4.0 to 14.1) 5.8 (1.3 to 12.8) 0.11
Higher group (n=27) 3.33 (1.7 to 84)
Length of hospital stay
< 5 days (n=8) 4.4 (-3.8 to 12.6) —1.8 (—-11.5t0 7.9) 0.70
> 5 days (n=41) 6.2 (22 to 10.3)
Age
<70 (n=15) 1033 3.0 to 17.7) | 6.4 (1.2 to 13.9) 0.10
> 70 (n=34) 4.0 (0.1 to 8.0)
Sex
Male (n=30) 4.7 (0.3 to 9.1) 3.6 (4.1 to 10.5) 0.38
Female (n=19) 7.9 (1.5 to 14.3)
Admission reason
Respiratory complaint (n=36) 7.1 30to I1.2) —4.4 (—12.4 to 3.6) 0.28
No respiratory complaint (n=13) 2.7 (-5.3 to 10.6)
AECOPD
AECOPD at admission (n=32) 73 (30to 11.2) —4.1 (—=11.5 to 3.3) 0.27
No AECOPD at admission (n=17) | 3.2 (=3.I to 9.6)
COPD risk
A + B (n=15) 2.3 (4.7 t0 94) —5.2 (12.8 to 2.5) 0.18
E (n=34) 75B3to I11.7)

In the multiple linear regression model including the interaction between the presence of an AECOPD and the length
of hospital stay, age under 70 (coefficient 9.3; 95% CI: 1.5-17.1, p = 0.02) and a low initial PIF (coefficient 8.6; 95% CI.:

1.3-15.9, p = 0.02) were associated with a significant improvement of PIF during hospitalization (Table 3).

The analysis of the different quartiles of the length of hospital stay shows that in the first quartile (<5 days), the PIF
changes the least. In the subsequent quartiles (6—10, 11-15, and >16 days), there could be observed a stable and similar

increase in PIF (Figure 3).

In the absence of an AECOP, PIF improves more when the hospital spray is less than 5 days. In contrast, for patients
with an AECOPD, PIF improves when the stay exceeds 5 days. In the AECOPD subgroup, the length of stay with

a 5-day cut-off was associated with a significant difference in PIF (p = 0.03), whereas no significant difference was

observed in patients not hospitalized for an AECOPD (p = 0.16) (Supplement Figure S2).

Table 3 Multiple Linear Regression Model with Interaction Between Length of Stay and

the Presence of a COPD Exacerbation

Variable Coefficient 95% ClI p-value
Category of age (< 70 years) 9.3 1.5-17.1 0.02
Sex (man) 1.7 -5.9-9.3 0.658
COPD Group (E) 3.0 —16.6-22.5 0.762
COPD Exacerbation (no AECOPD) 18.7 —2.6-40.1 0.083
Length of hospital stay (< 5 days) 14.6 —5.0-34.3 0.139
Interaction between AECOPD and Length of stay 23.1 0.945.2 0.042
PIF at admission (low PIF) 8.6 1.3-15.9 0.022
Constant —25.0 —492 - 08 0.043
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Figure 3 Evolution of PIF by length of hospital stay in patients with AECOPD, analyzed by quantiles.
Abbreviations: PIF, Peak inspiratory flow, AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

Secondary Outcome

Intra-Assessment Evaluation

In the intra-assessment measurement of the PIF, we observed a significant increase between the first, the second and the
third measurement (each p < 0.01), independent if the measurement was performed at admission or discharge (Figure 4).
The evolution of the PIF across successive measurements is consistent across the analyzed subgroups, including reasons
for hospitalization (AECOPD vs non-AECOPD), and patient age (younger vs older than the median), with the only
exception of the length of hospital stay (shorter vs longer than the median) (Supplement Figure S3A-E).

p<0.01
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8- p<0.01 2 I p<0.01
p<0.01 1
p<0.01
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Figure 4 (A) Evolution of intra-assessment PIF at admission using the Wilcoxon signed-rank test. (B) Evolution of PIF intra-assessment at discharge using the Wilcoxon
signed-rank test.
Abbreviation: PIF, Peak inspiratory flow.
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Table 4 Insufficient Peak Inspiratory Flow for Personal Inhaler at
Admission Pressurized Metered-Dose Inhalers

Number of Inhalers Insufficient
at Admission (80) Maximum PIF - n (%)

MDI ® 10 0 (0)
pMDI + Spacer 13 0 (0)
BAMDI [ 0 (0)
Respimat® 16 0 (0)
Diskus ® 2 2 (100)
Ellipta © 15 4 (26.7%)
Turbuhaler ® 9 4 (44.4%)
Handihaler ® 7 0 (0%)
Breezhaler ® 7 2 (28.6%)

Abbreviations: BAMDI, breath-actuated metered-dose inhalers; PIF, Peak Inspiratory
Flow.

Insufficient PIF at Admission at R2

At admission, 22 patients (44.9%) presented an insufficient maximum PIF (<60 L/min) under the R2 resistance condition,
with 5 patients (6.1%) generating <30 L/min. By discharge, 19 patients still presented an insufficient PIF (38.8%). Seven
patients (14.3%) transitioned from insufficient to sufficient PIF, while 4 patients (8.2%) deteriorated from sufficient to
insufficient PIF. These 4 patients were all male, notably older (77.5 vs 72.0 years old) and most were hospitalized for
AECOPD with an ICU stay and longer than the medium length of hospital stay. Most patients remained in their initial
PIF category, 23 patients (46.9%) maintained a sufficient PIF, and 15 patients (30.6%) continued to have insufficient PIF.

PIF Personal Inhaler

Among the 49 patients analyzed upon admission, 80 personal inhaler devices were used, averaging 1.6 inhalers per
patient. Of these, 40 were DPIs. Notably, no insufficient PIF was detected for pMDI, with the cut-off set at <10 L/min.
However, among the DPIs assessed, 12 (30%) inhalers were used with an insufficient maximum PIF (Table 4). For high
resistance inhalers, no instances of insufficient PIF were observed.

Discussion

Our study revealed an increase of maximal PIF during hospitalization by 9.1% on average, which is important clinically.
The improvement in PIF was present in patients with an AECODP as a main diagnosis and also with patient without an
AECOPD. Increase in PIF was mainly associated with a young age of patients and a lower PIF on admission.

To our knowledge, this is the largest prospective study assuring a consequent follow-up of PIF during hospitalization.
The evolution of the PIF during hospitalization is important to consider when choosing the best time for assessment
throughout the hospitalization period to ensure that the patient benefits from a suitable inhaler. Our findings align with
those of Broeders et al, who observed a rise in PIF in a cohort of 15 individuals. In contrast to our observation,
improvements in PIF were evident for the Turbuhaler and Diskus inhalers within the first five days of an AECOPD, after
which PIF remained stable until day 50.' A retrospective real-world clinical study by Clark et al compared PIF
measured near discharge and 30 days post-hospitalization and an increase during this period was observed, meaning
patients were no longer in respiratory distress at the initial measurement.'> Another study evaluated PIF once the patients
was clinically stable, a moment that is difficult to define.'® We opted to exclusively monitor PIF during hospitalization
rather than through remote follow-up consultations like we expected an variation of PIF throughout the hospitalization
period. Our results build on these findings by demonstrating that PIF varies during hospitalization, not only in patients
experiencing a COPD exacerbation but also in those hospitalized for other reasons.

Possible explanations for the increase in PIF during hospitalization include a decrease in hyperinflation during the hospital
stay, especially for AECOPD. Hyperinflation has been found to negatively impact PIE.'”*'** Improved health status during
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hospitalization may enhance inspiratory force by increasing strength or decreasing thoracic hyperinflation. Reduced confusion
and resolution of acute confusion state by the end of hospitalization also likely contribute to better PIF.'

Bronchodilator treatment, which reduced hyperinflation and consequently improves inspiratory pressure, is an
important factor influencing PIF.**> During hospital stays, treatment adherence is ensured by supervision, and with the
transition to prepared nebulizer administration, optimal lung deposition is guaranteed as spontaneous non-forceful tidal
breathing is sufficient for nebulizer treatment.*'>* Our patients benefited in the context of the MIPIF study of an inhaler
adaptation of their standard inhaler if deemed necessary. These better adapted inhalers may influence positively our
results.”® These factors may explain why PIF improvement seems to occur only after 5 days of hospitalization in patients
with AECOPD, whereas those without AECOPD show an increase within the first few days.

All our patients received specific respiratory physiotherapy, including inhaler education, exercise, and muscle training.
Factors such as specific inspiratory muscle training, inhaler education and exercise training positively influence PIF.** ¢
Weiner et al demonstrated not only an increase in maximal PIF after inspiratory muscle training but also that all trained
patients with moderate-to-severe COPD achieved the optimal PIF for adequate lung deposition following eight weeks of
training.** After inhaler technique training using in-Check-DIAL® an increase of 5.3 L/min was achieved in newly diagnosed
patients with COPD, with a significant improvement in the proportion of patients achieving optimal PIF post-training. Though
no increase was observed in patients with an AECOPD.?” Close training on admission and discharge could explain the
improvement in PIF observed during the first few days of hospitalization in the absence of AECOPD.

Interestingly, a significant improvement in PIF was observed during intra-assessment measurements, likely due to a training
effect associated with using the In-Check Dial G16®. Notably, almost no patients showed fatigue or a decrease in PIF across the
three measurements, similar to the patients in the article of Broeders et al.'” This observation suggests that repeated inhalations
with a DPI do not cause fatigue in patients even more a learning effect and a better coordination between expiration and deep
inspiration. This point is highlighted by the study of Mahler et al, which analyzed PIF variability over a 4-week period. The study
found that within-patient PIF variability decreased during this period, suggesting a potential training effect.*®

In our study, even patients without an AECOPD demonstrated an increase of PIF and consequently may require
inhaler adaptation. This group has been previously overlooked, as most studies have focused on patients experiencing
AECOPD. The only other existing study evaluating PIF in patients with COPD, regardless of the cause of hospital
admission, found that these patients tend to have a lower PIF compared to those hospitalized for an AECOPD."
Meanwhile, patients admitted for cardiac decompensation or acute neurological conditions may also present with muscle
weakness, malnutrition or deconditioning, which could be improved through treatment, leading to an increase in PIF.

Compared to other studies, we observed a low prevalence of insufficient PIF at 44.9%. In our study, a high percentage of
patients used pMDI with a low resistance profile (28.8%), which could explain a lower prevalence of insufficient PIF compared
to other studies. Variations in studies settings, the resistances tested, and the severity of COPD in the included patients make
direct comparisons challenging.'>'"***° It is to mention that even lower PIF are expected in at-home measurements.*®

The suboptimal use of inhalers is common, particularly among hospitalized patients, regardless of the reason for
hospitalization.>* Every opportunity to improve their use should be taken, as hospitalization can affect the ability to use
inhalers properly, making this evaluation even more important and interventions during hospitalization can help improve
inhaler use and even led to fewer post-hospitalization health-related events.”**** Improved inhalation techniques lead to
better treatment adherence and more effective bronchodilator therapy, resulting in higher PIF values.”'***"**> In our
study, optimal adherence was ensured through direct supervision of treatment intake.

Decrease During Hospitalization

Interestingly, some patients demonstrated sufficient PIF at admission but insufficient PIF at discharge (n = 4), while

others had insufficient PIF both at admission and at discharge (n = 15). Possible explanations are longer hospitalizations

or more severely ill patients with coexisting metabolic derangements, muscle wasting, loss of respiratory and peripheral

muscle strength or poor nutrition.'”*° Larger samples are needed to better characterize these categories of patients.
Based on these results, we recommend an initial assessment of PIF upon hospital admission and a follow-up PIF

assessment should be conducted at least at hospital discharge, ideally after the achievement of clinical stability. Although
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clinical stability is difficult to define. This approach ensures that the patient is receiving optimal treatment during hospital
stay and upon discharge, allowing for the potential resumption of their regular therapy.

Limitations

Our study is subject to several limitations. First, it is a monocentric study within an internal medicine division. Other
divisions may have patients with other characteristics that could influence the PIF outcomes.* The small sample size
limits the ability to accurately assess the impact of various parameters on the progression of PIF and in the absence of
sample size calculation, our main observation should be confirmed in larger trials. Patients were tested as soon as
possible after hospital admission; nevertheless, we opted for a maximum delay of 72h, permitting also to include patients
during holiday and weekends where the evaluation did only take place afterwards. During the longer delay of evaluation,
a hyperinflation may already be partially treated, in consequence the longer delay probably even underestimates the
evolution of PIF during hospitalization.

Patients were instructed to inhale as powerful and rapidly as possible, which may not accurately reflect their actual
inhalation technique during regular inhaler use and leading to an underestimation of insufficient PIF.*' The instructions
given by a team of physiotherapists specialized in the respiratory field have potentially improved the results of the PIF.*

Furthermore, the COPD diagnosis was based on information available in the patients’ electronic files, and lung
function results were not available for all patients. However, a previous report indicates that 87% of patients hospitalized
in our division with a COPD diagnosis had confirmed obstructive pulmonary disease.**

PIF can be significantly impacted by acute bronchodilation or the patient’s physical position. Our PIF assessments
were not standardized regarding the time of the day, last clinical effort, or interval after bronchodilator treatment.*” This
lack of standardization may have falsely elevated PIF values if measured too close to bronchodilator administration.
Additionally, we did not define the exact physical position during PIF measurement, though it is recommended to
perform inhalation in an upright position to achieve the highest PIF and avoid semi-upright positions.*

Conclusion

Our findings reveal a significant increase in PIF over the hospital stay, highlighting the dynamic nature of PIF and the
necessity for regular assessments to ensure patients receive optimal inhaler therapy during hospitalization and at
discharge. Factors such as younger age and low PIF at admission were linked to greater PIF improvements, particularly
in patients hospitalized with AECOPD or those with longer hospital stays. This suggests the need for tailored interven-
tions based on individual patient characteristics. Our findings also underscore the importance of assessing PIF to guide
inhaler adaptation, as a substantial proportion of patients used inhalers with insufficient PIF at admission. Future research
should focus on identifying the optimal timing for PIF assessments, particularly in relation to clinical stability, treatment
effects, and hospital discharge, to maximize the benefits of inhaler therapy.
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