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Purpose: The aim of this research was to evaluate the technique of using inhaled drugs in patients with a confirmed history of COPD
and describe errors in inhaler technique.

Patients and Methods: Descriptive cross-sectional study was conducted in patients with a history of COPD using inhalation
therapy, attending pulmonology consultation between August 2020 and April 2021 in Armenia, Colombia. A non-probabilistic sample
of 80 adult participants was calculated, and the inhalation technique was evaluated (depending on the device used) using a scale
validated for Colombia. Descriptive analysis of the qualitative variables was performed using frequencies and percentages. The Chi-
Square test and Fisher’s exact test (in corresponding cases) were used to look for association relationships between categorical
variables.

Results: A total of 80 participants were evaluated, of which 66.3% (n = 53) were male, and 32.5% were older than 80 years.
Clinically, 30.0% (n = 24) were classified as Modified Medical Research Council Dyspnea Scale (nMRC) grade 3, and 51.2% (n =41)
had at least one exacerbation per year. The main comorbidity was hypertension (40.3%). Pressurized metered-dose inhalers with spacer
were the most used device at 22.7% (n = 39). Incorrect technique (at least one error in the steps of the inhalation technique used) was
found in 48.7%. The most frequent error among all the techniques was the failure to perform pre-inspiratory exhalation. No significant
differences were observed between the development of the technique and the characteristics of the participants.

Conclusion: Nearly half of the patients who use inhalation devices make errors in the technique. Patient education and training of
healthcare personnel represent a fundamental pillar in mitigating the incorrect use of these devices.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by marked airflow limitation due to anatomical
alterations in the airways resulting from chronic exposure to risk factors such as tobacco and biomass.'? These
alterations culminate in the destruction and widening of pulmonary alveoli, as well as hyperplasia of mucin-producing
cells at the bronchial level, leading to air entrapment and decreased ventilatory mechanics. These pathologies include
pulmonary emphysema, chronic bronchitis, and bronchial asthma.** Approximately 300 million people suffer from
COPD in the world in 2020, according to data from the World Health Organization (WHO), an estimated 3.23 million
people died from this disease in 2019 being the third leading cause of death worldwide, and people living in low- and
middle-income countries are the most affected.® In the Americas, an estimated 13.2 million people are living with COPD,
responsible for 235,000 deaths in 2010.”* In Colombia, the PREPOCOL study conducted by the Colombian
Pulmonological Foundation determined that 9 out of every 100 people over 40 years of age in Colombia suffer from
COPD, with a prevalence of 6.2% in Bogota, 7.9% in Barranquilla, and 13.5% in Medellin among the main cities of the
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country.” Quindio was identified as the department (the first-level territorial unit) with the highest prevalence of COPD in
the country in 2016."° The economic impact of the disease on the Colombian health system has been studied in
conjunction with tobacco-attributable diseases, and it is estimated that the annual costs incurred by the health system
range from 6 to 15% of its total health expenditure.'®

As the incidence of COPD patients has been increasing nowadays, the administration of inhaled medications is
increasingly frequent, as they represent a fundamental pillar in the treatment of this disease.'' However, it has been
identified that up to half of patients use them incorrectly, resulting in poor therapeutic outcomes and an increased risk of
hospitalization and future complications.’

The appropriate technique is an important aspect in inhaler therapy, so even before considering therapeutic failure due
to the active compound, the possibility of inadequate technique should be considered, taking into account associated
patient-dependent factors such as age, low educational level, low socioeconomic status, and comorbidities,'? as well as
health care provider-dependent factors such as lack of prior instructions and poor training of the health care professional
in the use of inhalers;'? in this context, continuous patient counselling has been shown to have important positive effects
on inhaler technique, and the contingent that health care systems can count on for this task includes health care personnel
from different areas such as specialist physicians, general practitioners, nurses, respiratory therapists and even
pharmacists.'*'* Observational studies have identified a significant relationship between poor inhalation technique and

1. The proper technique (steps required) for the use of the inhaler systems evaluated in this

inadequate symptom contro
research is listed in Table 1, and a graphical guide is presented in Figure 1.

On average, more than two-thirds of patients make at least one mistake when using their inhalation device.'® In
general, the main problems related to the use of the devices are inspiratory flow, duration of inhalation, coordination,
dose preparation, pre-inspiratory exhalation, apnea period, and inhalation of the subsequent dose.'” Although several
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global studies have demonstrated the deficiencies in the technique of inhalation therapy in COPD patients,
Colombia the inhalation technique has not been explored in COPD patients.
The objective of this research was to evaluate the technique of using inhaled drugs in patients with a confirmed

history of COPD and describe errors in inhaler technique.

Table | List of Steps Necessary to Develop the Correct Inhaler Technique for the Inhaler Systems Studied in This Research

Inhalation Systems Steps
Metered-dose inhaler with spacer 1) Uncover the cartridge
2) Shake

3) Hold it vertically (L-shaped)

4) Make a maximum expiration

5) Place the cartridge nozzle in the mouth and close completely

6) Inhale slowly through the mouth (tongue on the roof of the mouth)

7) In inspiration, press the cartridge once and inspire up to the total lung capacity
8) Apnea (Holding your breath for 10 seconds)

9) Wait half a minute between each shot

Metered-dose inhaler without spacer 1) Uncover the cartridge

2) Shake

3) Hold it vertically (L-shaped)

4) Make a maximum expiration

5) Place the cartridge nozzle in the mouth and close completely

6) Inhale slowly through the mouth (tongue on the roof of the mouth)

7) In inspiration, press the cartridge once and inspire up to the total lung capacity
8) Apnea (Holding your breath for 10 seconds)

9) Wait half a minute between each shot

(Continued)

2026 | "es Patient Preference and Adherence 2023:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Montes Cardona et al

Table | (Continued).

Inhalation Systems Steps

Multi-dose dry powder inhaler Turbuhaler I) Uncover the device

type 2) Turn the lower wheel to one side as far as it will go and then to the other side until it
clicks

3) Expel air through the mouth keeping the inhaler away from the mouth
4) Place the mouthpiece between the teeth and close the lips

5) Inspire energetically and deeply

6) Apnea — (Hold your breath for 5 seconds)

7) Close the nozzle compartment

8) Cover the device

Multi-dose dry powder inhaler Accuhaler 1) Uncover the device

type 2) Move the reed until you hear the “click”

3) Expel air through the mouth keeping the inhaler away from the mouth
4) Place the mouthpiece between the teeth and close the lips

5) Inspire energetically and deeply

6) Apnea — (Hold your breath for 5 seconds)

7) Close the nozzle compartment

8) Cover the device

Single-dose dry powder inhaler 1) Uncap the device (Slide the inhaler cap)

2) Insert the capsule, close the compartment, and puncture the capsule
3) Expel air through the mouth keeping the inhaler away from the mouth
4) Place the mouthpiece between the teeth and close the lips

5) Inspire energetically and deeply

6) Apnea — (Hold your breath for 10 seconds)

7) Discard the capsule completely empty

8) Cover the device

Soft mist inhaler 1) Hold the inhaler upright and covered

2) Rotate the base 180 degrees towards the arrows until you hear a “click”
3) Open the lid

4) Gently exhale

5) Closing lips around the mouthpiece without covering the air valves

6) Press the button while inhaling deeply

7) Apnea — (Hold your breath for 5 seconds or until possible)

8) Close the lid

Materials and Methods
Study Design

An observational, cross-sectional study was carried out.

Population and Settings

The Colombian health system focuses health care services on a comprehensive care policy, in which service providers
play an important role.”” In this sense, the therapeutic management of many patients with COPD is carried out by
medical specialists.

The participants in this study are patients receiving treatment for COPD who attend a specialized pulmonology
consultation at the IPS NEUMOVIDA in the city of Armenia, Quindio between August 2020, and April 2021.
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A)

Figure | Graphic guide for the correct technique for the use of the different inhalation systems. (A) Steps for pressurized metered-dose inhalers (pMDI) use: ) Uncover the
cartridge, 2) Shake, 3) Hold it vertically (L-shaped), 4) Make a maximum expiration, 5) Place the cartridge nozzle in the mouth and close completely, 6) Inhale slowly through the
mouth (tongue on the roof of the mouth), 7) In inspiration, press the cartridge once and inspire up to the total lung capacity, 8) Apnea (Holding your breath for 10 seconds), 9)
Wait half a minute between each shot. (B) Steps for single-dose dry powder inhalers (DPI) use: I) Uncap the device (Slide the inhaler cap), 2) Insert the capsule, close the
compartment, and puncture the capsule, 3) Expel air through the mouth keeping the inhaler away from the mouth, 4) Place the mouthpiece between the teeth and close the lips,
5) Inspire energetically and deeply, 6) Apnea — (Hold your breath for 10 seconds), 7) Discard the capsule completely empty, 8) Cover the device. (C) Steps for multi-dose dry
powder inhalers (DPI) use: ) Uncover the device (depending on the brand), 2) Activate the dose (depending on the brand), for Accuhaler Type move the reed until you hear the
“click”, 3) Expel air through the mouth keeping the inhaler away from the mouth, 4) Place the mouthpiece between the teeth and close the lips, 5) Inspire energetically and
deeply, 6) Apnea — (Hold your breath for 5 seconds), 7) Close the nozzle compartment, 8) Cover the device. (D) Steps for soft mist inhalers (SMls) use: 1) Hold the inhaler
upright and covered, 2) Rotate the base 180 degrees towards the arrows until you hear a “click”, 3) Open the lid, 4) Gently exhale, 5) Closing lips around the mouthpiece
without covering the air valves, 6) Press the button while inhaling deeply, 7) Apnea — (Hold your breath for 5 seconds or until possible), 8) Close the lid.

Sample
According to data from patients with a history of COPD attending the pulmonology consultation of the IPS
NEUMOVIDA in the city of Armenia, it was determined that a total of 99 patients attended a pulmonological medical
consultation during the year 2020. From this population, the necessary sample size was calculated using the following
equation:*'
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B (N.Z%).(p.g)
AN -1)+722.(p.q)

Where the total population (N = 99), the expected proportion of unknown response took the value of (p = 0.5), confidence
level (Z = 95%, or Z = 1.96), and a permissible precision or margin of error of (d = 5%), obtaining a minimum of 79
participants. The sample was collected consecutively through a non-probabilistic sampling, by convenience of the
researchers, including as participants the patients who came to receive medical care at the clinic NEUMOVIDA S.A.
S. at the described time, who met the selection criteria and who voluntarily agreed to participate in the research.

Inclusion Criteria

Patients diagnosed with COPD (referred by the patient or family member and with corroboration of the diagnosis by
verbal confirmation by the internist or treating pulmonologist) are currently on treatment with metered-dose inhalers, dry
powder inhalers, or soft mist inhalers, over 18 years of age.

Exclusion Criteria
Patients with cognitive or physical disabilities that prevent the correct performance of the inhalation technique were
excluded.

Sample and Data Collection

The patients included in this research were recruited after a specialized medical consultation at NEUMOVIDA S.A.S. In
the first contact with the researchers, the participants agreed to participate in this research through personal informed
consent. The necessary information was collected by the researchers through a physical questionnaire divided into two
segments: demographic variables and variables of the inhalation system.

EE RT3

Initially, demographic data were requested, including variables such as “age”, “sex”, “educational level”, “socio-
economic status”,22 “access to health”, and “occupation”. Next, the variables of the inhalation system were evaluated
using the scale adapted from the multicenter and prospective study on “education and teaching” of the inhalation
procedure in respiratory patients from the “Eden study”, and the scoring system created by the Colombian Pneumology
Foundation’s pulmonary rehabilitation program.** In this section, the variables “COPD spirometric pattern”, and “GOLD
Rating” were collected from the participants’ personal cards, while the variables “Exacerbations per year” and
“Comorbidities” were collected from the participant’s responses and noted in the questionnaire, and the variable
“mMRC grade” was clinically evaluated by the researchers and recorded in the questionnaire.

Finally, the inhaler usage technique was evaluated through a checklist for each inhalation device assessed (part of the
questionnaire). This checklist was based on the proposal of the Primary Care Respiratory Group.'? The evaluation was
carried out through physical observation by three researchers (DAHE, HAN-C, and JSV) who held the academic title of
general practitioners and were supervised by a pulmonology specialist. Using a physical model of each type of inhaler,
the researchers observed the patients while they performed the inhaler technique, and the results of each measurement
were recorded on the checklist.

Statistical Analysis
Descriptive analysis of the qualitative variables was performed using frequencies and percentages. The Chi-Square test
and Fisher’s exact test (in corresponding cases) were used to look for association relationships between categorical
variables. In addition, the potential risk of participants for incorrect inhaler technique was assessed by comparing the
total number of individuals who performed the correct and incorrect techniques for the 6 inhaler systems evaluated, the
results were presented as Odds Ratio (OR) with 95% confidence intervals (95% CI). P-values <0.05 were accepted as
statistically significant.

All analysis of the results was carried out in the IBM SPSS Statistics for Windows Version 24.0 (IBM Company,
Chicago, IL, USA) software.
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Ethical Considerations

This work was presented to the bioethics committee of the University of Quindio, endorsed, and registered in ACTA No.
24 October 02, 2020, research bioethics committee (Resolution 0600 of October 29, 2001). In addition, this research was
conducted in accordance with the guidelines of the Declaration of Helsinki.

Results

Demographics

Out of a total of 80 participants, most were male (66.3%) and older than 80 years (32.5%). About 53.8% (n = 43)
attended basic education, while 34 participants (42.5%) were from medium-low socioeconomic stratum, and 77.5% (n =
62) belonged to the taxpayer health regime (Table 2).

Regarding the clinical characteristics of the population, it was found that 30.0% (n = 24) of patients experienced
exhaustion after walking less than 100 meters on flat terrain, corresponding to grade 3 on the Modified Medical Research
Council Dyspnea Scale (mMRC). In addition, 51.2% (n = 41) reported experiencing at least one exacerbation per year.
The COPD spirometry pattern was the most prevalent (70.0%), with the mild grade of the GOLD classification being the
most common (47.5%). The most frequent comorbidity was arterial hypertension (40.3%) (Table 3).

Features of Inhalation Therapy

When analyzing the inhalation systems used by the population, it was found that 45.0% used more than 2 inhalers to
control their pathology, with the metered-dose inhaler (MDI) with spacer being the most used (22.7%), followed by the
metered-dose inhaler (MDI) without spacer (17.4%) and the soft mist inhalers (SMIs) (17.4%) (Table 4).

Table 2 Sociodemographic Characteristics of the Participants

Characteristics n (%)
Sex Male 53 66.3
Female 27 337
Age (years) Less than 50 7 8.8
50 to 60 6 7.5
6l to 70 18 225
71 to 80 23 28.8
More than 80 26 325
Educational level Basic 43 53.7
Secondary 22 27.5
University 8 10.0
Postgraduate 7 8.8
Socio-economic stratum | Low-low 6 7.5
Low 17 21.3
Medium-low 34 425
Middle 12 15.0
Medium-high 7 8.7
High 4 5.0
Access to health Taxpayer 62 77.5
Subsidized 18 22.5
Occupation Employee 4 5.0
Self-Employed 23 28.8
Retiree 41 51.2
Unemployed 12 15.0
2030 https: Patient Preference and Adherence 2023:17
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Table 3 Characteristics of Chronic Obstructive Pulmonary Disease of the

Participants

Characteristics n (%)

mMRC grade 0 13 16,3
| 3 3,7
2 21 26,3
3 24 30,0
4 19 23,7
Total 80 100,0

Exacerbations per year 0 23 28,8
| 41 51,2
2 12 15,0
More than 2 4 50
Total 80 100,0

COPD spirometric pattern Obstructive 56 70,0
Restrictive 20 25,0
Unknown 4 50
Total 80 100,0

GOLD rating Slight 38 47,5
Moderate 28 35,0
Very strong 14 17,5
Total 80 100,0

Comorbidities (multiple answer) | Arterial hypertension 60 40,3
Heart failure 17 11,4
Type 2 diabetes mellitus 25 16,8
Coronary artery disease 18 12,1
Depression 2 1,3
Dyslipidemia 13 8,7
Hypothyroidism I 74
Prostate cancer 3 2,0
Total 149 100,0

Abbreviations: mMMRC, Medical Research Council Modified Dyspnea Scale; COPD, chronic

pulmonary disease.

Table 4 Characteristics of Participants’ Inhalation Systems

obstructive

Characteristics n (%)

Number of inhalers used | 16 20,0
2 28 35,0
More than 2 36 45,0
Total 80 100,0

Type of inhalation system (multiple answer) | Metered-dose inhaler with spacer 39 22,7
Metered-dose inhaler without spacer 34 19,8
Single-dose dry powder inhaler 30 17,4
Multi-dose dry powder inhaler Turbuhaler type 18 10,5
Multi-dose dry powder inhaler Accuhaler type 17 9,9
Soft mist inhaler 34 19,8
Total 172 100,0

Errors in Techniques Between Types of Inhalation Therapies
Among the total number of steps of the 6 inhaler systems evaluated, the inhaler with the highest number of incorrectly

performed steps was the multi-dose dry powder inhaler Accuhaler type with 16.2% (n = 22) of total incorrect steps,
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followed by the metered-dose inhaler without spacer 13.7% (n = 42). The inhalers with the highest total number of
correct steps which were the inhaler of correct steps were the soft mist inhaler 95.6% (n = 261) and the multi-dose dry
powder inhaler Turbuhaler type 94.4% (n = 136) (Table 5).

Table 5 Evaluation of the Total Number and Specific Number of Steps of the Inhalation Systems Studied in This Research

Inhalation Systems Steps Technique n (%)
Evaluation
Metered-dose inhaler with 1) Uncover the cartridge Correct 39 (100.0%)
spacer 2) Shake Correct 37 (94.87%)
Incorrect 2 (5.13%)
3) Hold it vertically (L-shaped) Correct 39 (100.0%)
4) Make a maximum expiration Correct 22 (56.41%)
Incorrect 17 (43.59%)
5) Place the cartridge nozzle in the mouth and close completely Correct 39 (100.0%)
6) Inhale slowly through the mouth (tongue on the roof of the Correct 39 (100.0%)
mouth)
7) In inspiration, press the cartridge once and inspire up to the total | Correct 39 (100.0%)
lung capacity
8) Apnea (Holding your breath for 10 seconds) Correct 22 (56.41%)
Incorrect 17 (43.59%)
9) Wait half a minute between each shot Correct 32 (82.05%)
Incorrect 7 (17.95%)
Total correct steps 308 (87.8%)
Total incorrect steps 43 (12.2%)
Metered-dose inhaler without 1) Uncover the cartridge Correct 34 (100.0%)
spacer 2) Shake Correct 34 (100.0%)
3) Hold it vertically (L-shaped) Correct 34 (100.0%)
4) Make a maximum expiration Correct 23 (67.64%)
Incorrect 11 (32.36%)
5) Place the cartridge nozzle in the mouth and close completely Correct 34 (100.0%)
6) Inhale slowly through the mouth (tongue on the roof of the Correct 28 (82.35%)
mouth) Incorrect 6 (17.65%)
7) In inspiration, press the cartridge once and inspire up to the total | Correct 28 (82.35%)
lung capacity Incorrect 6 (17.65%)
8) Apnea (Holding your breath for 10 seconds) Correct 21 (61.76%)
Incorrect 13 (38.24%)
9) Wait half a minute between each shot Correct 28 (82.35%)
Incorrect 6 (17.65%)
Total correct steps 264 (86.3%)
Total incorrect steps 42 (13.7%)
Multi-dose dry powder inhaler 1) Uncover the device Correct 18 (100.0%)
Turbuhaler type 2) Turn the lower wheel to one side as far as it will go and then to | Correct 18 (100.0%)
the other side until it clicks
3) Expel air through the mouth keeping the inhaler away from the Correct 18 (100.0%)
mouth
4) Place the mouthpiece between the teeth and close the lips Correct 18 (100.0%)
5) Inspire energetically and deeply Correct 14 (77.78%)
Incorrect 4 (22.22%)
6) Apnea — (Hold your breath for 5 seconds) Correct 14 (77.78%)
Incorrect 4 (22.22%)
7) Close the nozzle compartment Correct 18 (100.0%)
8) Cover the device Correct 18 (100.0%)
Total correct steps 136 (94.4%)
Total incorrect steps 8 (5.6%)
(Continued)
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Table 5 (Continued).

Inhalation Systems Steps Technique n (%)
Evaluation
Multi-dose dry powder inhaler 1) Uncover the device Correct 17 (100.0%)
Accuhaler type 2) Move the reed until you hear the “click” Correct 17 (100.0%)
3) Expel air through the mouth keeping the inhaler away from the Correct 6 (35.3%)
mouth Incorrect 11 (64.7%)
4) Place the mouthpiece between the teeth and close the lips Correct 17 (100.0%)
5) Inspire energetically and deeply Correct 17 (100.0%)
6) Apnea — (Hold your breath for 5 seconds) Correct 6 (35.3%)
Incorrect 11 (64.7%)
7) Close the nozzle compartment Correct 17 (100.0%)
8) Cover the device Correct 17 (100.0%)
Total correct steps 114 (83.8%)
Total incorrect steps 22 (16.2%)

Total correct steps

Total incorrect steps

Single-dose dry powder inhaler 1) Uncap the device (Slide the inhaler cap) Correct 30 (100.0%)
2) Insert the capsule, close the compartment, and puncture the Correct 30 (100.0%)
capsule
3) Expel air through the mouth keeping the inhaler away from the Correct 17 (56.67%)
mouth Incorrect 13 (43.33%)
4) Place the mouthpiece between the teeth and close the lips Correct 30 (100.0%)
5) Inspire energetically and deeply Correct 30 (100.0%)
6) Apnea — (Hold your breath for 10 seconds) Correct 17 (56.67%)

Incorrect 13 (43.33%)
7) Discard the capsule completely empty Correct 30 (100.0%)
8) Cover the device Correct 30 (100.0%)

214 (89.2%)
26 (10.8%)

Total correct steps

Total incorrect steps

Soft mist inhaler 1) Hold the inhaler upright and covered Correct 34 (100.0%)
2) Rotate the base 180 degrees towards the arrows until you hear a | Correct 34 (100.0%)
“click”

3) Open the lid Correct 34 (100.0%)
4) Gently exhale Correct 27 (79.42%)
Incorrect 7 (20.58%)
5) Closing lips around the mouthpiece without covering the air Correct 34 (100.0%)
valves
6) Press the button while inhaling deeply Correct 34 (100.0%)
7) Apnea — (Hold your breath for 5 seconds or until possible) Correct 30 (88.24)
Incorrect 4 (11.76%)
8) Close the lid Correct 34 (100.0%)

261 (95.6%)
Il (4.4%)

When analyzing individually the steps of each inhaler, in the multi-dose dry powder inhaler Accuhaler type step 3

(Exhale) and step 5 (Apnea) were the worst developed by the participants with 64.7% (n = 11) for both steps. Errors in
these steps were also the most frequent in the metered-dose inhaler with spacer and in the single-dose dry powder inhaler
(Table 5).

In turn, within the overall analysis of the development of the inhaler technique, it was found that the inhaler with the
worst performance (at least one step developed incorrectly) was the Accuhaler type multi-dose dry powder inhaler with
64.7% (n =
performed inhaler system with 79.41% (n = 27) of participants who performed all steps correctly (Figure 2).

11) of participants who developed at least 1 step incorrectly, while the soft mist inhaler was the best
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Figure 2 Overall analysis of the use of correct and incorrect inhalation technique, according to the different inhalation systems. Figure 2 shows the overall assessment of the
inhaler technique, in which the wrong performance of at least | step in inhaler technique per participant was considered as an “incorrect” technique. The dry powder
multidose inhaler/Accuhaler type D and the metered-dose inhalers with spacer A, had the highest number of participants with the incorrect technique with 64.7% (n=11)
and 48.72% (n=19), respectively, followed by the single-dose dry powder inhaler E with 43.34% (n=13) incorrect technique and the metered-dose inhaler without spacer B at
32.36% (n=11). On the other hand, the soft mist inhaler F had the highest number of participants with the correct technique (all steps performed without error) with 79.41%
(n=27), followed by the multi-dose dry powder inhaler Turbuhaler type C with 77.77% (n=14) correct technique.

Abbreviations: MDI. wS, metered-dose inhalers with spacer; MDI. woS, metered-dose inhalers without spacer; M-d. DPI/T, multi-dose dry powder inhalers/Turbuhaler
type; M-d. DPI/T, multi-dose dry powder inhalers/Accuhaler type; S-d. DPI, single-dose dry powder inhalers; SMI, soft mist inhalers.

Differences and Risk of Incorrect Inhaler Technique

When analyzing differences between the characteristics of the participants, the findings were limited in the group of
metered-dose inhaler with spacer, the employed and pensioned participants mostly showed correct technique perfor-
mance (p = 0.018), as well as the participants with mMRC grades 2 and 3 (p = 0.008). On the other hand, it was
evidenced in the users of the Accuhaler type multi-dose dry powder inhaler that those who claimed to suffer fewer
exacerbations per year performed the inhalation therapy technique better (p = 0.042) (Supplementary File 1).

On the other hand, the overall assessment of the risk of performing an incorrect inhaler technique (at least one
incorrect step) did not expose any characteristic as a potential risk factor for participants (Table 6).

Table 6 Risk Factors for Participants’ Incorrect Inhalation Techniques

Inhaler Technique OR (1C95%) P value
Correct (n) | Incorrect (n)

Sex Male (ref) 49 34

Female 57 32 0.809 (0.437-1.497) 0.499
Age (years) Less than 50 (ref) | 7 8

50 to 60 I 4 0.318 (0.068-1.468) 0.142

6l to 70 18 10 0.486 (0.135-1.740) 0.267

71 to 80 27 20 0.648 (0.201-2.083) 0.466

More than 80 56 28 0.437 (0.144-1.329) 0.144
Educational level Basic (ref) 57 31

Secondary 28 19 1.247 (0.602-2.585) 0.551

University 8 I 2.528 (0.920-6.943) 0.072

Postgraduate 13 5 0.707 (0.230-2.168) 0.544

(Continued)
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Table 6 (Continued).

Inhaler Technique OR (1C95%) P value
Correct (n) | Incorrect (n)

Socio-economic situation Low-low (ref) 5 2

Low 26 8 0.769 (0.124-4.753) 0.777

Medium-low 47 31 1.648 (0.300-9.038) 0.564

Middle 17 10 1.470 (0.239-9.043) 0.677

Medium-high 7 7 2.500 (0.357-17.500) | 0.356

High 4 8 5.000 (0.655-38.153) | 0.12
Access to health Taxpayer (ref) 90 67

Subsidized 16 13 1.091 (0.491-2.422) 0.829
Occupation Employee (ref) 6 2

Self-Employed 27 16 1.777 (0.319-9.884) 0.511

Retiree 65 33 1.523 (0.291-7.964) 0.618

Unemployed 8 15 5.625 (0.915-34.573) | 0.062
mMRC grade 0 (ref) 20 13

| 5 4 1.230 (0.277-5.454) 0.784

2 32 13 0.625 (0.241-1.616) 0.332

3 35 16 0.703 (0.281-1.756) 0451

4 14 20 2.197 (0.827-5.837) 0.114
Exacerbations per year 0 (ref) 33 19

[ 57 36 1.097 (0.543-2.213) 0.796

2 I5 8 0.926 (0.331-2.587) 0.883

More than 2 | 3 5.210 (0.505-53.689) | 0.165
COPD spirometric pattern | Obstructive (ref) 73 52

Restrictive 26 12 0.647 (0.299-1.400) 0.269

Unknown 7 2 0.401 (0.080-2.009) 0.266
GOLD rating Slight (ref) 55 29

Moderate 31 29 1.774 (0.901-3.492) 0.097

Very strong 15 8 1.011 (0.383-2.665) 0.981

Abbreviations: ref, reference; OR, odds ratio; IC95%, 95% confidence intervals.

Discussion
To our knowledge, this is the first study to evaluate the technique of different types of inhalers in COPD patients in
Colombia. This research found that most participants were over 70 years of age, corresponding to 61.3% of the total sample.
In addition, there was a predominance of the male sex (66.3%), which is consistent with the PREPOCOL study that
evaluated the prevalence of COPD in Colombia in 2008,'° as well as other research on inhaler technique in various
countries.''** 2 Likewise, despite their age, most participants showed unfavorable socioeconomic conditions, since 53.8%
said they had only completed primary education, and 71.4% belonged to a lower middle or low socioeconomic stratum.
The clinical condition of the participants exhibited considerable pulmonary involvement in a significant percentage,
characterized by 30.0% and 23.8% corresponding to mMRC grades 3 and 4, respectively; however, only 17.5% of
participants were classified as “very severe” according to the GOLD Rating. Additionally, the health status of the
participants is affected by different comorbidities, probably related to the advanced age of most participants; in this
context, the most frequent comorbidity was arterial hypertension in 40.3%, similar to that reported by Dal Negro, R.-W. et al,
who found comorbidities in 78.6% of COPD patients, with cardiovascular disorders being the most frequent comorbidity.?”
The characteristics of the participants’ inhaler therapy showed a wide use of inhalers, with 80% using 2 inhalers or
more for COPD control, which supports the clinical severity of our participants, together with the fact that only a small
proportion of participants reported not suffering exacerbations during the last year, a feature that has been attributed to
inadequate use of inhalers in other studies.”®° In this context, the inhalation system most used by the participants was
the metered-dose inhaler (MDI) with spacer, followed by the metered-dose inhaler (MDI) without spacer and the fine
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mist inhaler, a trend different from that found by Duarte de Aratjo A. et al, where the most used systems were the single-
dose and multi-dose dry powder inhalers.>’

The global study of the inhalation technique showed that the system that represented the greatest difficulties for the
patients was the multi-dose dry powder inhaler Accuhaler type, with the highest percentage of incorrect steps and the
highest number of individuals with incorrect execution (at least one step performed incorrectly).

Within the stratified analysis of each step, even though different inhaler systems were evaluated, we found that, although in
different percentages, the predominant incorrect steps were the exhalation prior to the use of the device and the apnea after
inhalation, which was evidenced in the users of metered-dose inhalers with and without spacer, multi-dose dry powder inhaler
Accuhaler type, and single-dose dry powder inhaler. Findings similar to those presented in investigations in different corners
of the world such as Alsufyani A., and Luczak-Wozniak K. et al, who stated post-inspiratory apnea as the main error in users of
metered-dose inhalers (MDI) and dry powder inhalers (DPI) among adults with Asthma and COPD in Saudi Arabia and
Poland, respectively,’'? and supported by the systematic review of Cho-Reyes S et al, who found in metered-dose inhaler
users deep exhalation prior to inhalation (65.5% [95% CI 52.0, 78.9]) and post-inspiratory apnea (41.9% [95% CI 29.8, 53.9])
as the most frequent errors.>® While Pothirat C. et al exposed that pre-inspiratory exhalation was the most frequent error in
metered-dose inhalers without spacer and multi-dose dry powder inhaler Accuhaler type in Thai adults with COPD.>* This
being so, we can infer that the main errors among our participants could not be strictly related to inhaler system-dependent
characteristics or patient-dependent characteristics such as age but to steps that apparently may depend mostly on external
factors such as the explanation received by the physician or health professional in charge of the management.>*

On the other hand, although several risk factors have been postulated for the incorrect development of inhaler techniques

such as low educational level, low socioeconomic level, and advanced age,lz’24’35

the risk analysis of our research did not
allow us to recognize any risk factor, probably due to the limited size of the sample studied in this research. However, our
findings emphasize the importance of healthcare personnel as a guide for the use of inhalers, manifesting the importance of
continuous and personalized education for COPD patients as stated in previous studies.>***3¢ In addition, the importance of
including different health professionals in the process of sustained education of COPD patients using inhalers, including
nurses, nursing assistants, general practitioners, respiratory therapists, and even pharmacists, probably having a larger
human contingent will allow greater scope for the process of patient education and positive long-term effects.

This research had certain limitations, such as a limited sample size. However, the total number of participants was
representative of the studied population, which is characterized by patients who are treated in a specialized COPD center
in Armenia, Colombia. However, since the sample studied corresponds only to a center specialized in COPD, the findings
of this research cannot be representative for the entire population of COPD patients in Colombia. On the other hand, data
collection was carried out using a questionnaire, which exposed the results to recall bias. Nevertheless, we consider that
performing a physical data collection process among participants with a chronic condition such as COPD, who are quite
familiar with the therapy being studied, can help mitigate recall bias in our findings.

Conclusion
The present study involved 80 patients, mostly men over 70 years of age with primary education and health affiliation
regime. Forty-five percent used more than 2 inhalers, with the metered-dose inhaler being most frequently used.

The device that demonstrated the best inhalation technique was the soft mist inhaler, in contrast to the multi-dose dry
powder inhaler Accuhaler type showed the greatest difficulties in use, having the highest number of errors and incorrect
technique.

The steps corresponding to exhalation prior to drug inspiration and post-inspiratory apnea were the most frequent
errors despite being present in different inhalation systems.

This research highlights the need to increase efforts in patient education in inhalation technique and training of
healthcare personnel to mitigate the proportion of incorrect use of these devices and, consequently, their complications
and the deterioration of the patient’s clinical condition. It is proposed to include more health professionals in the
management of COPD patients in the Colombian context and in other countries of the region so that patients can receive

a continuous and personalized education.
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