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Introduction: Inhalation therapy is a cornerstone of treating patients with
chronic obstructive pulmonary disease (COPD). Inhaler devices might influence
the effectiveness of inhalation therapy. We aimed to model and compare the
deposition of acting agents of an open and a fixed dose combination (FDC) triple
therapy and examine their repeatability.

Methods: We recruited control subjects (Controls, n =17) and patients with
stable COPD (S-COPD, n =13) and those during an acute exacerbation (AE-
COPD, n =12). Standard spirometry was followed by through-device inhalation
maneuvers using a pressurized metered dose inhaler (pMDI) and a soft mist
inhaler (SMI) to calculate deposition of fixed dose and open triple combination
therapies by numerical modeling. Through-device inspiratory vital capacity (IVCy)
and peak inspiratory flow (PIF,), as well as inhalation time (t;,) and breath hold time
(tbh) were used to calculate pulmonary (PD) and extrathoracic deposition (ETD)
values. Deposition was calculated from two different inhalation maneuvers.

Results: There was no difference in forced expiratory volume in 1 s (FEV1) between
patients (S-COPD: 42+5% vs. AE-COPD: 35+5% predicted). Spiriva® Respimat®
showed significantly higher PD and lower ETD values in all COPD patients and
Controls compared with the two pMDls. For Foster® pMDI and Trimbow® pMDI
similar PD were observed in Controls, while ETD between Controls and AE-
COPD patients did significantly differ. There was no difference between COPD
groups regarding the repeatability of calculated deposition values. Ranking the
different inhalers by differences between the two deposition values calculated
from separate maneuvers, Respimat® produced the smallest inter-measurement
differences for PD.

Discussion: Our study is the first to model and compare PD using pMDIs and an
SMI as triple combination in COPD. In conclusion, switching from FDC to open
triple therapy in cases when adherence to devices is maintanined may contribute
to better therapeutic effectiveness in individual cases using low resistance inhalers.

COPD, fixed dose triple therapy, open triple therapy, deposition, repeatability, modeling
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1. Introduction

Chronic obstructive pulmonary disease (COPD) affects more
than 380 million people worldwide (1). Inhalation therapy is a
cornerstone of the treatment of airway diseases, including high burden
diseases as COPD and asthma (1, 2). According to international
guidelines the inhalation therapy of COPD patients with severe
obstructive ventilatory disorder, persistent symptoms and frequent
exacerbations (Global Initiative for Chronic Obstructive Lung
Disease: GOLD D category in most of our cases) contains long-acting
beta2-agonist (LABA) and muscarinic antagonists (LAMA) as
bronchodilators and inhaled corticosteroids (ICS) especially in
patients with exacerbations and high blood eosinophil count (1).
Many commercially available inhalers are a combination of ICS-LABA,
LABA-LAMA, or fixed triple combination (ICS-LABA-LAMA; FDC).
Despite the availability of triple combinations, many patients use two
different devices, mainly combination of ICS-LABA and a mono-
LAMA inhaler (3).

The effectivity of inhalation therapy has numerous influencing
factors which are connected to the drug, the device or the patient. The
largest variety of devices belong to dry powder inhalers (DPI) and
many combinations are commercially available including triple
FDC. Pressurized metered dose inhaler (pMDI) has a low number of
different drug combinations including triple FDC and ICS-LABA,
while soft mist inhaler (SMI) is only represented by the device
Respimat® and is containing LABA-LAMA or LAMA monotherapy.

Various studies examined the effectiveness of inhalation therapy
in vivo. Additionally in vitro and in silico investigations measured the
deposition rate of the emitted dose (4, 5). In vivo studies mostly apply
radioscintigraphy and can be complicated upon repeated
measurements as it imposes a burden of radiation on the subjects (6,
7). However, other studies applied pharmacokinetic methods to
measure pulmonary deposition of inhaled particles by measuring
serum levels and urinary excretion of specific agents (8-10).
Nonetheless, pharmacokinetic methods are not able to differentiate
between the deposition into different regions of the lung and it is not
capable to reveal the amount of drug removed by mucociliary
clearance (11). In vitro measurements only require the equipment to
produce a replica of the airways and is limited by the natural variety
of the different subjects’ anatomy (5). In silico studies such as
computational fluid dynamic simulations or numerical simulations
(e.g., the Stochastic Lung Model) have the benefit of repeated
measurements not requiring personal and material input but they
need a validation by in vivo models before usage (12-14).

As the device-handling plays a critical role in the success of
inhalation therapy, many factors influencing patient conduct can
be investigated (15-17). Sufficient peak inspiratory flow (PIF) is
crucial using DPI devices, which might be difficult to generate for
patients with severe COPD (18). Appropriate handling of pMDI and
SMI devices demand the precision from patients regarding the timing
of actuation and inspiration, adequate breath-hold time, correct
posture and device position, and sufficient inspiratory volumes (16).
There are many ways to observe the accuracy of device handling, but
limited number of publications focuses on assessing uniformity of
inhalation maneuvers through these devices known as repeatability
resulting in predictable PD every day.

Our aim was to investigate inhalation maneuvers through
commercially available pMDI and SMI devices, and assess deposition
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repeatability of FDC or open triple therapy in severe GOLD D COPD
patients by numerical modeling.

2. Materials and methods
2.1. Subjects

Patients with stable COPD (S-COPD, n =13) were recruited
during regular outpatient visits, patients with exacerbated COPD
(AE-COPD, n =12) were included <72 h after hospital admission
due to an acute severe relapse. Patients had been previously
diagnosed with COPD by a respiratory specialist according to
2015 Global Initiative for Chronic Obstructive Lung Disease
(GOLD) as post-bronchodilator FEV,/FVC<0.70 (19). Therapy
was decided by the treating physician, but all patients with AE
were treated with systemic steroids. Control volunteers (Control,
n =17) did not have a chronic respiratory disease and were
recruited from employees of the Department of Pulmonology,
Semmelweis University, Budapest, Hungary. Individuals in the
S-COPD and Control groups with acute respiratory tract
infections within 2 weeks and AE-COPD group who suffered from
pneumonia or needed non-invasive or invasive ventilation were
excluded. Subjects were and
December 2015.

All procedures were performed in accordance with the 1964

recruited between April

Helsinki declaration and its later amendments or comparable ethical
standards. All subjects were informed about the methods and aims of
the measurements and signed the informed consent form. The study
was approved by the Semmelweis University Regional and Institutional
Committee of Science and Research Ethics (SE TUKEB 239/2015).

2.2. Study design

The subjects attended a single visit which was followed by data
processing and numerical modeling. All patients performed standard
lung function tests, which were followed by the two consecutive
inhalation maneuvers per device using two different inhalers after a
minimum of a 30-min break. Subjects filled out disease-specific and
generic quality of life questionnaires. Subsequently, the deposition
calculations were performed by the Stochastic Lung Model (13).

2.3. Lung function measurements

Electronic spirometer and body plethysmography (PDD-301/s,
Piston, Budapest, Hungary) were used for lung function measurements
performed according to the European Respiratory Society (20, 21).
None of the records were post-bronchodilator measurements.

2.4. Inhalation maneuvers through different
inhalers

Commercially available pressurized metered-dose inhaler (pMDI

inhalation solution placebo for Foster®/Trimbow®) and soft mist
inhaler (placebo for Respimat®) were used.
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For through-device lung function testing electronic spirometer
was used (PDD-301/sh, Piston, Budapest, Hungary), which has
built-in ambient temperature, pressure and humidity sensors for the
fully automatic BTPS correction, as described in detail in our previous
study (22). The spirometer is equipped with a PinkFlow flowmeter
(PPF-18, Piston, Budapest, Hungary), which measures flow based on
the principle of a symmetric and averaging Pitot tube, and was
connected directly to the pMDI or SMI. Subjects were instructed for
5-10min before the measurements to explain and correct inhalation
maneuvers as recommended by the manufacturers of each device.
Steps of the inhalation maneuver included: (1) preparation of the
device, (2) long exhalation, (3) attachment of the inhaler to the flexible
connecting piece, (4) deep inhalation through the inhaler to total lung
capacity, with optimal actuation of pMDI and SMI by the examiner
and simultaneous recording of the pre-specified parameters, (5)
breath-holding for 10s (when possible) while the inhaler device was
detached from the connecting piece; and (6) long exhalation.
Through-device inspiratory vital capacity (IVCd) and peak inspiratory
flow (PIF,), inhalation time (t,,) and breath-hold time (t,;) were
recorded. Measurements for both pMDI and Respimat® were
performed and randomly followed after at least 5-min break by the
second sequence of maneuvers in all patients and controls.

2.5. Assessment of symptoms and quality
of life

Subjects filled out the Modified Medical Research Council
(mMRC) and the Hungarian version of the COPD Assessment Test
(CAT), and the Visual Analogue Scale (VAS) scaled from 0 to 10, to
measure the general health condition of the participants.

2.6. Numerical modeling of pulmonary and
extrathoracic deposition

Pulmonary (PD) and extrathoracic (ETD) deposition fraction
values were calculated as a percent of the metered dose using the
Stochastic Lung Model (SLM). The model was primarily developed
by Koblinger and Hofmann and afterwards it has undergone
further development. The model has been validated and used to
simulate the pulmonary deposition of different aerosols as well as
inhaled drug particles (13, 14, 23). In the SLM model the structure
of the conducting airways is built up stochastically based on
distribution functions of airway lengths, diameters, branching
angles and gravity angles Raabe (24). The geometry of the acinar
airways is built up based on the description of Haefeli-Bleuer and
Weibel (25). The model is calculating deposition fractions in the
extrathoracic airways based on empirical deposition formulas. In
the pulmonary airways deposition fractions are computed by
tracking large numbers of inhaled particles after their inhalation
until they deposit in the airways or leave the lungs via exhalation.
In the model the particles can deposit due to impaction,
gravitational settling and Brownian diffusion. As input data the
breathing parameters and the size distribution and density of the
drug particles need to be provided. The inhalation parameters are
the standard spirometry and body plethysmography measurement
results, such as residual volume (RV) and through-device
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spirometry data, such as IVC, T;, and Ty;,, which were provided for
both pMDI and Respimat® devices. For the calculation we used the
particle size distribution values of Spiriva® Respimat®, Foster®
pMDI and Trimbow® pMDI. PD and ETD values were calculated
from the first and second inhalation maneuver and their mean was
used for further statistical analysis.

2.7. Statistical analysis

Statistical analysis was performed using GraphPad Prism software
8 (GraphPad Software, La Jolla, CA, United States) and SPSS Statistics
V22
United States). The results are expressed as the mean + standard error

(International Business Machines Corporation, NY,
of the mean (SEM) or median (interquartile range). One-way ANOVA
followed by Bonferroni’s multiple comparison test or Kruskal-Wallis
test with Dunn’s multiple comparison test were used as appropriate.
Repeatability of deposition values was assessed by the Bland-Altman
test (26). Results were considered to be statistically significant when

the p value was less than 0.05.

3. Results
3.1. Clinical characteristics of participants

Patient and control volunteer characteristics are summarized
in Table 1. COPD patients were significantly older, more often
smokers and had higher cumulative smoking impact. All
AE-COPD patients fulfilled the criteria of GOLD D category.
COPD patients had a high number of comorbidities but there were
no significant differences between stable and exacerbated patients
in this regard. Patients with exacerbations were more symptomatic
using mMRC, CAT and VAS scores. The maintenance inhalation
therapy was similar between patient groups, most patients being
on triple therapy.

3.2. Lung function results

Lung function parameters revealed similarly severe airflow
obstruction and lung hyperinflation in both COPD groups, while
normal lung function parameters were noted in the Control group
(Table 2).

3.3. Through-device inhalation parameters
using different inhalers

IVC,, PIF,, t;, and t,, were tested for pMDI and SMI devices
(Table 3). IVC4 was lower as measured through both devices than
during normal spirometry in controls, while only slightly lower in
both COPD groups. In the Control and both COPD groups PIF, was
significantly lower as compared to PIF during spirometry for both
devices. Inhalation time (t;,) was on average between 2-3s for all
groups. Mean ty;, was above 10s in Controls and S-COPD and
significantly lower in AE-COPD patients

S-COPD patients.

compared to
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TABLE 1 Clinical characteristics of controls and patients.

10.3389/fmed.2023.1065072

TABLE 2 Lung function values.

Control S-COPD AE-COPD Control  S-COPD AE-COPD
Number (1) 17 13 12 Number (1) 17 13 12
Female/male 10/7 9/4 9/3 FVC, % predicted 102 +3 79 + 6* 67 £ 7%
Age (years) 43+4 65+2% 61+2% FEV,, % predicted 95+2 42 + 5% 35+ 5%
BMI (kg/m?) 25.0+0.9 25.6+1.4 27.1+2.0 FEV,/FVC, % 79+2 44 + 3% 49 + 3%
Smoking habit, 1 (%)** PEE % predicted 85+8 41 £ 4% 34+ 350
Current smoker 8 (47) 4(31) 7 (58) FEF,5 754, % predicted 76+5 18 + 3% 17 + 2%
Former smoker 1(6) 9 (69) 5 (42) PIE L/s 5+0.4 2+0.1% 3+0.3%
Never smoker 8 (47) 0(0) 0(0) IVC, % predicted 99+3 77 £ 5% 67 + 5%
Pack years 18+5 50+5% 36+3* TLC, % predicted 93+2 103 + 5% 113 + 8%
GOLD category 2017, n (%) TGV, % predicted 119+5 168 + 11* 193 + 15%
A NA 1(8) 0(0) RV, % predicted 83+6 152 + 15% 192 + 19%
B NA 1(8) 0(0) RV/TLC 0.28 £ 0.02 0.56 + 0.03* 0.66 + 0.04*
c NA 5(38) 0(0) Raw, % predicted 1086 295 + 25% 297 +31%
D NA 6 (46) 12 (100) *#p <0.05 vs. Control, Significant differences are highlighted in bold. AE-COPD: patients
ity of lif with exacerbated COPD; FEF s ;5 forced expiratory flow at 25-75% of the pulmonary
Quality of life volume; FEV, forced expiratory volume in the 1st second; FVC, forced vital capacity; IVC,
mMRC 0 (0-0)* 2(1-2)° 4 (3-4)* inspiratory vital capacity; PEF, peak expiratory flow; PIE, peak inspiratory flow; Raw, airway
resistance; RV, residual volume; S-COPD: patients with stable COPD; TGV, thoracic gas
CAT 2 (0-6) 11 (7-22)>* 27 (18-30)* volume; TLC, total lung capacity. Data are shown as mean + standard error of the mean
EM).
VAS 1(0-3)° 5 (4-5)"* 8 (7-10)%* “(: _ 1;
Comorbidities, 7 (%) 'n=13.
Osteoporosis NA 0(0) 3(25)
Diabetes mellitus NA 1(8) 3(25) PD than Foster® pMDI and Trimbow® pMDI. For Foster® pMDI
Hypertension NA 1031) 2(17) and Trimbow® pMDI similar PD were observed in Controls, while
ETD between Controls and AE-COPD patients did significantly
Atherosclerosis NA 4(31) 4(33) . L. . K
differ. ETD values were significantly lower in all COPD patients
Myocardial NA 0(0) 2(17) compared to heathy volunteers. Spiriva® Respimat® showed
infarction significantly lower ETD values than Foster® pMDI and
Stroke NA 0(0) 2(17) Trimbow® pMDL
Maintenance COPD therapy, 1 (%)
ICS NA 9(69) 12 (100) .-
3.5. Repeatability of pulmonary (PD) and
LABA NA 12 (92 12 (100 : H
©2) (100) extrathoracic deposition (ETD) values
LAMA NA 12(92) 12 (100) calculated from repeated measurements
Theophylline NA 3(23) 6 (50)

P <0.05 vs. Control, ** Chi-square test: p <0.01. Significant differences are highlighted in
bold. BMI, Body Mass Index; CAT, COPD Assessment Test; AE-COPD: patients with
exacerbated COPD; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS,
inhaled corticosteroid; LABA, long-acting beta,-agonist; LAMA, long-acting muscarinic
antagonist; nMRC, modified Medical Research Council; NA, not applicable; S-COPD:
patients with stable COPD; VAS, Visual Analogue Scale. Data are shown as mean + standard
error of the mean (SEM) or median (interquartile range).

‘n=16.

n =10.

‘n=15.

dn=11.

3.4. Pulmonary (PD) and extrathoracic
deposition (ETD)

The results of numerical modeling for Foster® pMDI,
Trimbow® pMDI and Spiriva® Respimat® are summarized in
Figures 1, 2. Both COPD groups and Controls showed significant
difference by Spiriva® Respimat® compared to the two pMDIs
regarding PD and ETD. Spiriva® Respimat® produced much higher
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The Bland-Altman analysis was used to define the variability of
the PD and ETD values calculated from inhalation maneuver
parameters through a given inhaler and the corresponding particle
size distribution. Significant individual differences were present in all
tested medications regarding PD and ETD (Figures 3, 4). The X-axis
represents the mean of the two calculations for deposition values,
while the Y-axis shows the difference of the two calculated values
from repeated measurements (1* measurement-2"¢ measurement).

We also calculated the bias (difference between the X-axis and the
average mean of the two calculations for all subjects) for PD and ETD
in Control, S-COPD and AE-COPD groups for each inhaler. We found
that PD was significantly higher by the values calculated from second
measurements in Controls using Foster® pMDI and Trimbow®
pMDI. There was a tendency in healthy volunteers by Spiriva®
Respimat® for the second value to be higher. There was no difference
between the two values in either COPD group regarding the two
pMDI devices but in S-COPD patients the second value tended to
be lower while in AE-COPD patients higher.
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TABLE 3 Spirometric and inhalation parameters measured through the

different inhalers.

Control group (n =17)

Spirometry IVC (L) 4.02 +0.26
Spirometry PIF (L/s) 5.08 +0.36
pMDI Respimat®
IVCq (L) 3.36 £ 0.22* 3.61 £0.21%
PIE, (L/s) 2.61 +0.22%* 2.19 £0.15%
tin (8) 223+0.22 251+£0.23
ton (5) 9.95+0.12 9.93+0.16
S-COPD group (n =13)
Spirometry IVC (L) 2.35+0.2%*
Spirometry PIF (L/s) 2.48 + 0.15%*
pMDI Respimat®
IVC, (L) 2.23 £0.17%% 2.29 £ 0.21°+*
PIF, (L/s) 1.80 + 0.16%%* 1.48 + 0.14%**
tin (5) 244 +026 2.57 £0.27
ton (5) 10.39 £ 0.1 10.57 £0.18
AE-COPD group (n=12)
Spirometry IVC (L) 2.17 £ 0.25%*
Spirometry PIF (L/s) 2.80 +0.32%%
pMDI Respimat®
IVC, (L) 2.06 + 0.23%* 2.18 +£0.21%*
PIF, (L/s) 1.79 + 0.13%%* 1.48 £ 0.12%%*
tin (5) 2.3+£0.28 2.52+0.26
ton (5) 9.55 + 0.16*** 9.44 + 0.40°%**

IVC, inspiratory vital capacity; PIF, peak inspiratory flow; IVC,, through-device inspiratory
vital capacity; PIF,, through-device peak inspiratory flow; t;,, inhalation time; t,;, breath hold

time; *p <0.05 vs. values obtained by standard spirometry; **p <0.05 vs. Control group;
##%p <0.05 vs. S-COPD. Significant differences are highlighted in bold. Data are shown as
mean =+ standard error of the mean (SEM).

10.3389/fmed.2023.1065072

The 95% limits of agreement and the coefficients of repeatability (CR)
of PD and ETD through the different inhalers were high and variable in
both, controls and patients It is important to highlight that low CR
represents better repeatability. Of note, the CR in S-COPD and AE-COPD
patients for PD was the largest using Trimbow® pMDI (see Table 4).

3.6. Ranking of inhalers based on the
differences between deposition values

Ranking the three inhalers based on the differences between the
two values of PD is shown in Figure 5. This highlights the inhalers
with the smallest difference (given Rank 1 followed by Rank 2 and
Rank 3) in values between the two deposition results. Similarly, to the
findings based on the CR values in patients with COPD, Respimat®
produced the smallest inter-measurement differences for PD.

4. Discussion

Our study compared commercially available pMDI and SMI
devices for PD repeatability of FDC (ICS-LABA-LAMA) and open
triple (ICS-LABA pMDI and LAMA SMI) therapy in severe COPD
patients. Numerical modeling of PD provided ~25-28% pulmonary
drug deposition in our model for pMDI and ~ 36-39% for SMI. Very
similar results were shown in gamma scintigraphy studies using the
active agents of Trimbow® pMDI in healthy and asthmatic subjects
and~37% using Respimat® SMI in untrained COPD patients
validating our in silico method (7, 27).

According to previous scintigraphy studies, in asthmatic patients
with mild airway obstruction there was no difference in pulmonary
drug deposition using Trimbow® pMDI as compared to healthy
controls (7). In contrast, we examined COPD patients with severe
airway obstruction, where no scintigraphy data are available to assess
PD using two triple combination regimens. Notwithstanding our

%, metered dose
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Extrathoracic deposition (ETD). AE-COPD: patients with exacerbated COPD; S-COPD: patients with stable COPD.

model cannot separate drug deposition in central and peripheral
regions of the lung as gamma scintigraphy, on the other hand it is safe
and reproducible. We were able to evaluate deposition values in the
lung and extrathoracically and compare drug delivery of FDC and
open triple therapies in COPD patients in stable state and during
AE. One of the main findings is that there was no difference in PD
between S-COPD and AE COPD patients for both low resistance
pMDI and SMI devices. Besides the high reproducibility of numerical
modeling, we put a lot of emphasis on the repeatability of inhalation
maneuvers. Low resistance and repetitive use as per summary of
product characteristics (SmPCs) were the reasons why we chose
Trimbow® and Foster® pMDIs and Spiriva® Respimat® as patients
need two consecutive inhalations twice and once daily, respectively,
(28-30).

The availability of triple FDCs is growing, but clinicians are facing
new challenges during the therapy of COPD patients. The effectiveness
of FDC versus open triple therapy was previously investigated in the
TRINITY clinical trial (31). Trimbow® pMDI was non-inferior
regarding moderate-to-severe exacerbation rates and pre-dose FEV,
for week 52 versus the open triple therapy containing Foster® pMDI
and a Spiriva® Handihaler® (31). Our study investigated a low
resistance SMI as LAMA in open triple therapy and showed that it
might produce higher PD in COPD patients independent of stable
state or during AE. Consequently, using SMI LAMA might add to
more effective therapy especially in patients who might profit from
open triple therapy. Our results might suggest that in some cases
clinicians can switch to a combination of pMDI and SMI as open
triple therapy from triple FDC to increase pulmonary deposition of
inhaled drugs in severe COPD patients. GOLD document is also
suggesting adjustment of inhaled therapy by switching inhaler device
or molecules within the same class. In COPD patients differences in
effectivity regarding a given inhaled therapy were previously
confirmed for LABA-LAMA combinations underlying the importance
and possible benefit of switch (32).

Inhalation performance might be impaired despite the fact that
these inhalers are suitable for patients with reduced lung function
(33). Critical errors highly impact lung deposition. The higher intra-
patient variability with different aerosol devices was described in
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previous studies often evaluating healthy volunteers or patients with
different severity of airway obstruction (34, 35). In our setup patients
used the simulation equipment with optimal and controlled technique
as described by the manufacturer.

One of the most important disease deteriorating factor during the
therapy of COPD is an episode of exacerbation. Exacerbation impairs
function, breathing capacity and reduces inspiratory effort so patients
are less able to perform sufficient and equal inhalation maneuvers and
consequently have instable inhaled drug lung delivery. However, our
study revealed that there was no significant difference between stable
and exacerbated COPD patients using pMDI or SMI for PD values.
Consequently, exacerbation does not considerably influence the
effectivity of drug deposition and deposition repeatability for both
devices. This can be explained that the use of inhaler techniques is
regularly checked at our department patients with both stable and
exacerbated COPD.

Several previous studies confirmed the impact of device handling
on the effectiveness of inhaled medication. It is well known that the
use of different inhalers or more than one device can negatively impact
therapy (3, 15, 16). For COPD patients who are not able to generate
adequate inspiratory effort, a pMDI or SMI device is recommended
(36, 37). However, manufacturers design their device relying on the
need to reach a satisfactory inspiratory flow, shortly a new parameter
gains greater emphasis, the pressure drop during inhalation (38). It is
important to note that our model did not use pressure drop values as
input data. Despite that the number of different inhalers can worsen
the effectiveness of inhalation therapy, our results suggest that the
combination of an SMI and a pMDI can reach higher calculated drug
PD compared to a FDC pMDI in individual patients.

COPD patients, especially those with severe disease, need proper
education to acquire correct inhaler use. Achieving this goal,
appropriate patient education is essential and regular assessment is
needed during patient care (39, 40). Severe COPD patients are
hospitalized frequently and during acute exacerbation device handling
tend to be even more difficult. Our measurements revealed that an
SMI performs evenly in patients with acute exacerbations.
Repeatability highlights the importance of investigating measurement
methods. Besides repeating different measurement on the same

frontiersin.org


https://doi.org/10.3389/fmed.2023.1065072
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Erdelyi et al.

TABLE 4 Repeatability of lung and extrathoracic deposition values
calculated from repeated measurements.

p 95% LoA CR

Cc
Lung
Foster” pMDI 17 0.80 0.02%* —1.68 -3.28 2.87
Trimbow® pMDI 17 0.70 0.005* -1.21-2.61 231
Spiriva® Respimat® 17 1.19 0.13 —4.86 - 7.23 6.31
ET
Foster® pMDI 17 —-0.5 0.046* -2.35-1.36 2.05
Trimbow® pMDI 17 -0.59 | 0.032% —2.62 - 1.44 2.29
Spiriva® Respimat® 17 -1.35 0.12 —7.93-522 6.91
S-COPD
Lung
Foster® pMDI 13 —0.89 0.42 —8.45 - 6.67 7.47
Trimbow® pMDI 13 -1.62 0.38 —14.2-10.91 12.46
Spiriva® Respimat® 13 0.25 0.83 —7.89 - 8.39 7.84
ET
Foster® pMDI 13 0.89 0.46 -7.32-9.11 8.08
Trimbow® pMDI 13 1.31 0.26 —6.46 - 9.08 7.9
Spiriva® Respimat® 13 -1.17 0.51 —13.28 - 11.86
10.94
AE-COPD
Lung
Foster® pMDI 12 1.91 0.23 —8.24 - 12.06 10.42
Trimbow® pMDI 12 1.8 0.27 —8.78 - 12.38 10.72
Spiriva® Respimat® 12 0.72 0.58 -7.77-9.21 8.25
ET
Foster® pMDI 12 —2.06 0.24 -13.22-9.1 11.42
Trimbow® pMDI 12 -2.07 0.25 —13.57-9.43 11.74
Spiriva® Respimat® 12 -0.93 0.52 —10.34 - 8.47 9.19

*#p-Value for one-sample t-test of the bias.

AE-COPD: patients with exacerbated COPD; CR, coefficients of repeatability; LoA, Bland-
Altman 95% limits of agreement; n, number of subjects; S-COPD: patients with stable
COPD. Significant differences are highlighted in bold.

subjects by the same examiner, different measurement system can
show varying result from same subjects, placing a greater focus on
reproducibility (41).

Because many DPI devices cannot be used effectively with severe
respiratory function impairment, greater emphasis should be placed
on the use of low-resistance inhalers such as pMDI and SMI devices
in patients with advanced COPD (42).

5. Conclusion

In summary in severe COPD patients using numerical deposition
modeling lung deposition is higher for open triple combination using
pMDI plus SMI device as compared to FDC pMDI. As each studied
inhaled drug is dosed twice according SmPC for each device
repeatability is of high interest. Around 40% of all COPD patients has
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>3% PD difference between the two inspiratory maneuvers,
emphasizing the importance of optimal handling and teaching of
devices. Important to note that there was no difference in PD between
COPD patients during AE and S conditions. SMI repeatability seemed
more robust in our study and might contribute to clinically meaningful
difference in patients with persisting symptoms and exacerbation. By
the latest reccommendations, multiple devices are highly correlated to
reduced adherence (43), therefore inhaler usage must be controlled on
a regular basis. Further clinical studies and real-world data are needed
to confirm the clinical effectiveness in this patient group.

6. Strengths and weaknesses of the
study

Our study is the first comparing lung deposition values of a FDC
pMDI and open triple therapy containing an SMI and pMDI in COPD
patients. Numerical modeling provides us a more reproducible
method to evaluate PD values without the burden of radiation.
Weakness of our work is the low number of patients and repetitive
maneuvers used for data input into the mathematical model.
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FIGURE 3
Bland—Altman analysis of pulmonary deposition (PD). The X-axis represents the mean of the two measurements for PD, while the Y-axis shows the
difference of the repeated measurements (first measurement—second measurement). Each dot represents a person. The dashed line shows the
average of the difference for all subjects. AE-COPD: patients with exacerbated COPD; LoA, Bland—Altman 95% limits of agreement; Meas,
measurement; S-COPD: patients with stable COPD.
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FIGURE 4

Bland—Altman analysis of extrathoracic deposition (ETD). The X-axis represents the mean of the two measurements for ETD, while the Y-axis shows the
difference of the repeated measurements (first measurement—second measurement). Each dot represents a person. The dashed line shows the
average of the difference for all subjects. AE-COPD: patients with exacerbated COPD; LoA, Bland—Altman 95% limits of agreement; Meas,
measurement; S-COPD: patients with stable COPD.
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chronic obstructive pulmonary disease.

Repeatability sequence summary for the three inhalers regarding PD. (A) Control: healthy volunteers (n =17); (B) All-COPD: patients with stable and
exacerbated COPD (n =25); (C) S-COPD: patients with stable COPD (n =13); (D) AE-COPD: patients with exacerbated COPD (n =12). By each control
subject and patient, a rank number between 1 and 3 was associated with each inhaler regarding the magnitude of the difference between the two
values for PD, respectively. Rank 1 was given to the device with the lowest difference between the two inspiratory measurements followed by Rank 2
and 3. On the figure, rank numbers are shown by three edges of the axes, and the sum of subjects with a certain rank is indicated on the axes. COPD:
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