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Introduction: The main treatment for patients with chronic obstructive pulmonary disease (COPD) or asthma is inhalation 
medication. Treatment efficacy is often suboptimal due to poor therapy adherence and errors in inhalation technique. The RS01XTM 

(RS01X) is a smart, single dose dry powder inhaler (smart DPI) that monitors therapy adherence and inhalation technique via 
inhalation profiles, consisting of duration, volume and peak inspiratory flow (PIF). The objective was to validate the smart DPI 
compared to an external inhalation profile recorder (IPR).
Methods: This monocenter cross-sectional study with 97 participants comprises patients with COPD, asthma and healthy participants. 
Participants performed three inhalations with the smart DPI. The inhalations differed in duration, volume and PIF, and orientation of 
the inhaler (horizontal (correct) and at a 45-degree angle (incorrect)). A paired sample t-test was performed to test for differences in 
the mean values between the smart DPI and the IPR. Also, the intraclass correlation coefficient (ICC) was calculated.
Results: The correlation between the smart DPI and the IPR shows for all the inhalation parameters an ICC > 0.95 (all p < 0.001). 
Analyses for healthy subjects, and patients with COPD and asthma show no relevant differences between the groups (all ICC > 0.93, 
all P < 0.001). Inhalations with the inhaler in an incorrect 45-degree angle show negligible but statistically significant differences on 
the parameters volume (0.44 milliliters) and PIF (1.5L/min) between IPR and smart DPI (P < 0.05).
Discussion: The smart DPI is a valid instrument for measuring inhalation parameters to improve therapy adherence and inhalation 
techniques in patients with asthma and COPD.
Keywords: dry powder inhaler, DPI, inhalation parameters, inhalation technique, single dose, smart inhaler, validation

Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death and the seventh leading cause of poor 
health globally. Additionally, asthma claimed the lives of 455,000 and affected an estimated 262 million people in 
2019.1,2

The main treatment for patients with COPD or asthma is inhalation medication. The advantage lies in the direct 
delivery of the drug to the airways.3–5

Despite effective inhalation medication, treatment effect is often suboptimal due to poor therapy adherence and errors 
in inhalation technique.6,7 Effectiveness heavily relies on the correct administration technique. Errors related to inhalation 
maneuvers and device handling are frequently observed in both COPD and asthma patients when using inhalers.8,9

Consequences of these errors and lack of therapy adherence are an increase in exacerbations for both asthma and 
COPD patients and subsequently an increase in health care utilisation and costs.6 One way to correct these errors and 
adherence is via digital monitoring of the inhaler use and providing feedback.10,11
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Smart-inhalers have the ability to record the time and date, and failure rate (eg, device malfunction) of every 
inhalation more accurately compared to measurement from patients, or using pharmacy records.12 Additionally, certain 
smart-inhalers have the possibility to measure air flow.13 Different studies have been performed with smart inhalers and 
its effect on therapy adherence; in these studies the use of a smart device increased therapy adherence.14,15

The RS01X (Berry Healthcare, Osnago; Amiko Digital Health, Milan) is a smart single dose dry powder inhaler 
(smart DPI) that can monitor therapy adherence and inhalation technique via inhalation profiles. Inhalation profiles 
consist of duration, volume, and peak inspiratory flow (PIF).16

This device has undergone a technical validation using Amiko employees, however, a validation in a clinical setting 
with patients with asthma or COPD is still missing and necessary before it can be integrated in respiratory patient care.

The objective of the present study is to validate the smart DPI compared to an external Inhalation Profile Recorder 
(IPR) in a real-life population of asthma and COPD patients and healthy volunteers in a clinical setting.

Patients and Methods
Study Design
A monocenter cross-sectional study was performed at Medisch Spectrum Twente (MST) in Enschede, the 
Netherlands from October 2023 till the end of December 2023. For this study 90 participants comprised of healthy 
volunteers, COPD patients, and asthma patients were required, all participants had to perform three inhalations on 
the smart DPI.

Study Population
The population in the study consisted of three groups: group 1 were asthma patients, group 2 COPD patients and group 
3 healthy volunteers. Participants were eligible based on the following in- and exclusion criteria:

Inclusion Criteria

- Written informed consent
- ≥ 18 years of age
- Group 1: Clinically diagnosed asthma patients3

- Group 2: Clinically diagnosed COPD II–IV patients according to the Gold criteria; a forced expiratory volume 
within 80% of the reference value (FEV1 <80%)4

Exclusion criteria

- Low cognitive function
- Group 3: presence of any chronic pulmonary disease

Study Procedure / Setting
After informed consent was obtained, participants from all three groups were instructed on how to use the smart DPI. 
Then, they had to perform at least 3 successful inhalations through the smart DPI with empty capsules.

The three inhalations differed from one another. Initially, while maintaining the inhalator in the correct horizontal 
orientation – considered as 0-degrees – and executing a standard inhalation (measurement 1), subsequently, holding the 
inhalator horizontally and inhaling with greater force compared to the first inhalation (measurement 2), and lastly, 
adopting an incorrect 45-degree angle with the inhalator while engaging in a standard inhalation (measurement 3).

An external inhalation profile recorder (IPR) was attached to the smart DPI to validate the measurements of the smart 
inhaler. The IPR contains a differential pressure sensor (Honeywell – SSCDRNN005PD2A5). A digital auto-zero 
calibration is performed at the start of each recording to further correct output error including offset error, thermal 
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effect on offset and offset drift. The data collected by the pressure sensor is converted to airflow data using the formula 
presented by Clark and Hollingsworth.17

Inhalation Parameters
The inhalation parameters used were the inhalation duration in seconds, the inhalation volume in liters, and the peak 
inspiratory flow (PIF) in liters/minute (L/min).

An inhalation was deemed “successful” when a minimum peak inspiratory flow of 15 L/min and a maximum of 120 
L/min was reached; there was a minimum inhalation time of 0.5 seconds and a maximum of 4 seconds; the capsule spun 
as per the intended use of capsule based inhalers.

Primary Outcome
Determine the accuracy of the smart DPI by comparing the measurements to the IPR.

Secondary Outcome
Determine the accuracy of the smart DPI for healthy volunteers, the asthma patients and the COPD patients separately.

The study was conducted according to the Declaration of Helsinki, and the study was approved by the institutional 
review board at MST (approval number: K23-36).

Data Analysis
Descriptive Statistics
Information regarding age, sex, and health status (categorized as healthy or afflicted by a medical condition) of all 
participants was collected.

Statistical Analysis
Statistical analysis have been performed in IBM SPSS Statistics 2818 and R version 4.2.1.19 P-values <0.05 were deemed 
statistically significant. The required sample size was determined by an anticipated intraclass correlation coefficient 
(ICC) of 0.9, with a minimal acceptable ICC of 0.75, with an alpha of 5% and a power of 90%. A minimum of 26 
participants per group were needed. Additionally, in order to assess the variations in measurements within each group, 
a minimum of 30 subjects per group was needed.

The data analysis was conducted on continuous non-clustered data. Data was deemed non-clustered due to per-protocol 
variations in inhalations within each patient. Consequently, each inhalation was individually analyzed. Continuous data was 
visually assessed to determine its normality. A paired samples t-test was performed to compare the means between the 
measurements obtained with the smart DPI and IPR. To quantify the level of agreement between two simultaneously measured 
values (smart DPI and IPR) on a continuous scale, a scatterplot was constructed and the ICC was calculated. A Bland Altman plot 
was employed to assess the consistency of the measurements across the range of values for PIF, volume, and duration of the 
inhalations.

Results
A total of 97 participants were included. The population (N = 97) consisted of three groups: asthma patients (N = 32), 
COPD patients (N = 30), and healthy volunteers with no lung diseases (N = 35). The mean ages in years were 54.6, 68.3 
and 42.4 (Table 1).

The mean inhalation duration was 2.3 seconds, mean volume was 1.7 liters, and mean PIF 62 L/min.
Only the third inhalation, with the inhaler in a 45-degree angle, as seen in Table 2, shows statistically significant 

differences on the parameters volume and PIF (P < 0.05).
Scatterplots were made for each inhalation parameter, to visualize the agreement between the smart DPI and the IPR 

(Figure 1).
The correlation between the smart DPI and the IPR shows for all the inhalation parameters an ICC > 0.95 (all p < 

0.001) (Table 3).
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When performing the analyses with the data clustered for the three inhalations (N= 291 inhalations), the results 
showed that for the parameters Volume and PIF statistically significant differences in the mean were observed (Appendix 
Table 1, Appendix Figure 1). However, all ICC were 0.99 for all inhalation parameters (Table 4).

Sensitivity analyses were performed to assess consistency and systematic bias. The Bland Altman plots for volume 
and PIF show a few outliers, but no systematic biases (Figure 2).

The plot for inhalation duration seems to show a negative systematic deviation if duration > 4 seconds.
Separate analyses were performed for healthy subjects, and patients with COPD and asthma. Scatterplots were 

evaluated and ICC was calculated for all groups, showing no relevant differences between the groups. (all ICC > 0.93, all 
P < 0.001) (Appendix Table 2, Appendix Figure 2).

Discussion
The clustered and non-clustered data showed that the smart DPI can measure inhalation parameters very accurately, when 
compared to an inhalation profile recorder.

In the inhalation at an incorrect angle, the parameters volume and PIF showed very small, but statistically significant 
differences between the smart DPI and IPR. Participants performed the third inhalation whilst holding the inhaler at a 45- 

Table 1 Population Characteristics

Healthy 
N=35

Asthma 
N=32

COPD 
N=30

COPD II 
N=12

COPD III 
N=11

COPD IV 
N=7

Male (N (%)) 10 (28.6) 8 (25.0) 17 (56.7) 7 (58.3) 5 (45.5) 5 (71.4)

Age (Mean (SD)) 42.4 (16.6) 54.6 (16.0) 68.3 (8.3)

Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.

Table 2 Difference in Inhalation Parameter of the Smart DPI Versus the IPR

Inhalations Mean Difference 95% Confidence Interval

First inhalation (Standard)

IPR Duration – smart DPI Duration (milliseconds) 2 −24;28

IPR Volume – smart DPI Volume (milliliters) −9 −31; 13

IPR PIF – smart DPI PIF (liters/minute) 0.33 −0.55; 1.20

Second inhalation (more forceful)

IPR Duration – smart DPI Duration (milliseconds) −18 −48; 11

IPR Volume – smart DPI Volume (milliliters) 23 −6; 53

IPR PIF – smart DPI PIF (liters/minute) 0.976 −0.304; 2.256

Third inhalation (incorrect 45-degree angle)

IPR Duration – smart DPI Duration (milliseconds) 10 −17; 37

IPR Volume – smart DPI Volume (milliliters) 44 9; 78

IPR PIF – smart DPI PIF (liters/minute) 1.53 0.28; 2.78

Abbreviations: IPR, inhalation profile recorder; smart DPI, smart dry powder inhaler; PIF, peak inspiratory flow.
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degree angle, which deviates from the standard inhalation protocol.20 The differences are so small, that they are 
inconsequential.

The participants with COPD where older and had a larger male population compared to the healthy and asthma 
population of the study. Since the prevalence of COPD is higher for males and those of older age,21 these participant 
characteristics correspond to their respective population.

Figure 1 Scatterplots for the different inhalation parameters (duration in seconds, volume in liters, PIF in liters/minute).

Table 3 Intraclass Correlation Coefficient of the Smart DPI Versus the IPR

Inhalations Intraclass correlation  
coefficient

CI 95% 
(Lower; Upper)

First inhalation

IPR Duration – smart DPI Duration (seconds) 0.99 0.98; 0.99

IPR Volume – smart DPI Volume (liters) 0.99 0.98; 0.99

IPR PIF – smart DPI PIF (liters/minute) 0.97 0.96; 0.98

Second inhalation

IPR Duration – smart DPI Duration (seconds) 0.98 0.96; 0.98

IPR Volume – smart DPI Volume (liters) 0.97 0.96; 0.98

IPR PIF – smart DPI PIF (liters/minute) 0.96 0.94; 0.97

(Continued)
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The research protocol stated that the duration of a successful inhalation was between 0.5 and 4 seconds. However, 
during the measurements some participants inhaled longer than 4 seconds. Since both the smart DPI and the IPR recorded 
for more than 4 seconds, and longer inhalations is something that can occur in real life practice the definition of 
a successful inhalation was changed to: duration between 0.5 and 5 seconds. Therefore, more participants were able to 
remain in the analyses and it would better represent a real-life situation measurement. It is important to note that the 
Bland Altman plot seemed to show a negative systematic bias if duration was >4 seconds, but ICC values are high. This 
can be explained because the smart DPI was trained with inhalations according to protocol, so up to 4 seconds. This 
should be tested on more participants to see if this continues to occur. If so, the smart inhaler might need alterations in the 
software.

The data was considered non-clustered because participants received specific instruction for all the three inhalations.
Additionally, the software in the smart DPI is programmed to measure inhalation profiles based on how an empty 

capsule spins in the smart inhaler. If it is implemented in regular care the capsules will contain medication. This changes 
the conditions of the measurements and can potentially alter the results provided by this smart inhaler. To see if it makes 
a difference in the accuracy of the inhalation profiles measured by the smart DPI, this should be assessed in future 
research with patients inhaling their medication, to verify whether it influences the accuracy of the smart DPI inhalation 
profile measurements, compared to the IPR.

To the best of the researcher’s knowledge, this is the first study about the smart DPI smart inhaler, including patients 
with asthma or COPD. However, the possibility and the potential of smart inhalers to improve adherence has been shown 
in multiple studies.11,13

The RS01X is an upgrade from the RS01 inhaler. The RS01X compared to the RS01 has a built in sensor and digital 
capabilities with the performance of the RS01.22,23

Besides from build-in smart-inhalers (eg, RS01X), there are different electronic monitoring devices (EMD), such as 
digital inhaler add-ons.24 Current EMD’s can monitor adherence due to their ability to record when an inhaler is used and 
can notify when patients need to take their next dose, while some can also register inhalation parameters (eg, inspiratory 
flow).13,24,25 However, what sets the smart DPI (RS01X) apart from many digital inhalers is not only its ability to notify 

Table 3 (Continued). 

Inhalations Intraclass correlation  
coefficient

CI 95% 
(Lower; Upper)

Third inhalation

IPR Duration – smart DPI Duration(seconds) 0.99 0.98; 0.99

IPR Volume – smart DPI Volume (liters) 0.96 0.93; 0.97

IPR PIF – smart DPI PIF (liters/minute) 0.95 0.92; 0.96

Abbreviations: IPR, inhalation profile recorder, smart DPI = smart dry powder inhaler, PIF = peak inspiratory flow.

Table 4 Intraclass Correlation Coefficient

Inhalation profiles Intraclass correlation  
coefficient

CI 95% 
(lower; upper)

IPR Duration – smart DPI Duration (seconds) 0.99 0.98; 0.99

IPR Volume – smart DPI Volume (liters) 0.99 0.97; 0.98

IPR PIF – smart DPI PIF (liters/minute) 0.99 0.96; 0.97

Abbreviations: IPR, inhalation profile recorder; smart DPI, smart dry powder inhaler; PIF, Peak inspiratory flow.
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patients when to take medication, it also provides real time feedback to patients on whether an inhalation is performed 
successfully based on the measured parameters. Additionally, apart from EMD add-ons ability to improve adherence 
based on records on when to use the inhaler, if the add-on is too complicated to attach or use this will actually effect 
adherence negatively.24

Conclusion
There is a strong correlation between the measurements of the smart DPI and the IPR.

The smart DPI is a valid instrument for measuring inhalation parameters duration, volume, and peak inspiratory flow 
in a real-life population of asthma and COPD patients, if used according to protocol. The clinical validation of the Smart 
DPI device and the accurate measurement of inhalation parameters, could aid in the assessment of therapy adherence and 
inhalation technique by physicians prior to upscaling the therapy. This is conform GINA/ GOLD guidelines.

Data Sharing Statement
The data that support the findings of this work are available from the corresponding author upon request. All data 
provided will be anonymized and terms for usage will be agreed in advance.
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