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Abstract

Objectives: Correct use of inhaler devices is critical in ensuring the optimal lung bioavailability of the inhaled drug. The study
aimed to assess inhaler technique used in patients with using metered-dose inhalers (MDI) by correlating with urinary salbutamol
excretion post inhalation and its correlation with disease control. Methods: Thirty patients with obstructive pulmonary diseases
attending outpatients’ services inhaled two doses of salbutamol 100 μg and urine samples were collected after 30 min. Inhaler

technique scores were assessed using a standardized 8-point checklist. The 30-minute concentration of urinary salbutamol is

then correlated with inhaler technique scores and control status of the disease. Key findings: The mean age of the subjects

was 60.8 (SD ± 9.338). The mean (SD) 30 min urinary salbutamol concentration was 3.6±1.6 μg/ml. The mean concentration

of salbutamol was found to be 2.3 μg/ml (n=1), 2.3 μg/ml (n=5), 3.1 μg/ml (n=7), 3.9 μg/ml (n=8), 4.7 μg/ml (n=5), 5.3

μg/ml (n=3), and 5.0 μg/ml (n=1) among patients performing 1, 2, 3, 4, 5, 6, 7, 8 steps correctly, respectively. There was a

statistically significant correlation (p=0.028) witnessed between the mean 30 min urinary salbutamol concentration and total

correct steps. The frequency of exacerbation, use of antibiotics, and oral corticosteroids (OCS) were more in patients with

poor inhaler technique scores, although statistical significance was achieved only for frequency of antibiotics use (p=0.032).

Conclusions: The 30 min salbutamol urinary concentration evaluation may help to identify patients who were underdosed due

to poor handling of inhaler devices. Being a complex procedure, it can at least be initiated in patients reporting frequent

exacerbations, hospitalization, and those who need multiple drugs for disease control.

Abstract

Objectives: Correct use of inhaler devices is critical in ensuring the optimal lung bioavailability of the
inhaled drug. The study aimed to assess inhaler technique used in patients with using metered-dose inhalers
(MDI) by correlating with urinary salbutamol excretion post inhalation and its correlation with disease
control.

Methods : Thirty patients with obstructive pulmonary diseases attending outpatients’ services inhaled two
doses of salbutamol 100 μg and urine samples were collected after 30 min. Inhaler technique scores were
assessed using a standardized 8-point checklist. The 30-minute concentration of urinary salbutamol is then
correlated with inhaler technique scores and control status of the disease.

Key findings : The mean age of the subjects was 60.8 (SD ± 9.338). The mean (SD) 30 min urinary sal-
butamol concentration was 3.6±1.6 μg/ml. The mean concentration of salbutamol was found to be 2.3 μg/ml
(n=1), 2.3 μg/ml (n=5), 3.1 μg/ml (n=7), 3.9 μg/ml (n=8), 4.7 μg/ml (n=5), 5.3 μg/ml (n=3), and 5.0 μg/ml
(n=1) among patients performing 1, 2, 3, 4, 5, 6, 7, 8 steps correctly, respectively. There was a statistically
significant correlation (p=0.028) witnessed between the mean 30 min urinary salbutamol concentration and
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total correct steps. The frequency of exacerbation, use of antibiotics, and oral corticosteroids (OCS) were
more in patients with poor inhaler technique scores, although statistical significance was achieved only for
frequency of antibiotics use (p=0.032).

Conclusions : The 30 min salbutamol urinary concentration evaluation may help to identify patients who
were underdosed due to poor handling of inhaler devices. Being a complex procedure, it can at least be
initiated in patients reporting frequent exacerbations, hospitalization, and those who need multiple drugs
for disease control.

Keywords : obstructive pulmonary disease; optimal inhaler technique; metered inhaler device; urinary
salbutamol concentration; disease control.

Introduction

Inhaled bronchodilators and inhaled corticosteroids were the mainstays in the management of obstructive
pulmonary diseases. These agents were delivered through different inhaler devices as it was considered to
be the best route to administer for better safety and efficacy outcomes.1,2 Unlike systemic drugs, inhaled
medicines are rapidly directed towards the airways, allowing for rapid onset. Some of the commonly used
delivery devices were nebulizers, pressurized metered-dose inhalers (pMDI), dry powder inhalers (DPI), or
Soft Mist inhalers were the commonly used devices. pMDI was introduced in 1950 and it became very popular
and widely used for inhalation therapy in patients with obstructive pulmonary diseases. The coordination
between inhalation and actuation of inhaler was an important issue3. There was an ocean of studies published
in the last few decades assessing the importance of optimal inhaler technique use and its significance over
the control status of the disease. Appropriate use of inhaler devices is very important for both asthma
and COPD management as it results in compromised therapeutic outcomes leading to inadequate control
of symptoms. 4,5,6,7 Inhalation therapy using a valve holding chamber MDI has been shown to play a key
role in the treatment of asthmatic patients as they encourage patients to breathe out of a drug pool. 3, 8.
However, several studies concluded that a significant proportion of patients continue to use their inhaler
devices incorrectly. 9,10

For many years, measurements of pulmonary lung function (PFT) have been used to compare efficacy.
Besides the evaluation of variations in systemic bioavailability, the concentration of the salbutamol excreted
in the urine post 30 minutes of inhalation is determined and correlated with the amount of drug delivered to
the lungs.11 The assessment of the relative bioavailability of salbutamol in the lung by obtaining a sample
of urine 30 minutes after inhalation is reproducible, clear, and effective. 12 The benefits of this approach
compared to others are the use of a patient’s own inhaler, no need for either the ingestion of charcoal or the
use of a radiolabelled inhaler marker. The 30-minute urinary salbutamol concentration method may also be
used concomitantly with measurements of lung function to demonstrate the association between improved
deposition and enhanced spirometry.11 Only a few studies employed 30 min salbutamol urinary excretion
post inhalation pharmacokinetic method to determine lung bioavailability of inhaler drugs, compare inhaler
medications and devices in healthy volunteers, and only study in asthma patients. 11-15 The aim of this
paper is, therefore, to evaluate the urinary salbutamol concentration as a measure of relative bioavailability
to the lung within the first 30 minutes after inhalation and correlate it with the total inhaler scores assessed
through a standard questionnaire and control status of the disease.

Method

Study Participants

The study was conducted in the department of respiratory medicine, Chettinad Hospital. Thirty patients
with obstructive pulmonary diseases who attend outpatient services at the department of respiratory medicine
between August 2019 to March 2020 were enrolled in the study. Inclusion criteria for the study: diagnosis
of COPD by the physician, prescribed to take salbutamol through metered-dose inhaler salbutamol at least
for the previous 12 months. Patients who were using other inhaler devices other than MDI and those who
do not have to follow up details at least for the previous 12 months were excluded. All eligible patients were
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enrolled in the study after obtaining informed consent.

Sample Collection

Subjects inhaled 2×100 μg salbutamol (nominal dose 200 μg). Salbutamol was delivered via their own MDI
device. The inhaler delivered a nominal dose of 100 μg per actuation. Subjects emptied their bladders
immediately before drug administration and then urine samples were collected 30 min after the inhaled
doses. The collected urine samples were recorded and stored at -20 °C before analysis. A previously validated,
sensitive high-performance liquid chromatography (HPLC) method was used to measure urine concentrations
of salbutamol.16 Subjects did not drink alcohol or caffeine-containing beverages for 12 h before or 24 h
after treatment. Demographic details like age, sex, disease characteristics were collected from each recruited
patient. The study was approved by the Institutional Ethics Committee of the University (525/IHEC/3-19).

Development of Checklists for Assessing Inhaler Technique

The checklist for Metered-dose inhaler (MDI) was extracted from COPD guidelines 17, 18, and published
literature.19-21 The use of inhaler devices was quantitatively assessed by assigning a score to each correct
step. We allocated equal weightage and assigned 1 point to each of the total 8 steps (Appendix 1).

Data analysis

Data were entered in Microsoft excel and the same was analyzed using a statistical package for social sciences
SPSS version 20.0 (IBM Corporation, Armonk, NY, USA). Statistical comparisons were made using percentile
and mean differences. Descriptive statistics calculated for background variables. Since the data do not follow
a normal distribution, the Kruskal Wallis test (Non-parametric) was performed to determine the association
between the concentration of salbutamol and other background characteristics. Statistical significance was
set at a p-value [?] of 0.05.

Results

A total of thirty patients with a mean age of 60.8+-9.3 years were enrolled in the study and 90% (n=27) were
male and 10% (n=3) were female participants. On assessing the severity of COPD, there were 3.3%, 33.3%,
50%, and 13.3% of cases with mild, moderate, severe COPD, and very severe COPD, respectively among the
study participants. All urine pH values were in the range 4-5-6-5. There were only 10% of patients reported
no exacerbation and 90% of them had at least one exacerbation in the last year. Also, there were 16.7%
of cases required hospitalization once, and 3.3% of cases required hospitalization twice in the last one-year
duration. Only 23.3% of study participants were not taken an antibiotic course in the past year.. Also, only
16.7% of cases did not receive any OCS in the past year whereas 83.3% of cases received at least one short
course of OCS in the past one-year duration.

Mean urine concentration of salbutamol concerning total correct steps were shown in Graph 1. The mean
concentration of salbutamol was found to be 2.3 μg/ml (n=1), 2.3 μg/ml (n=5), 3.1 μg/ml (n=7), 3.9 μg/ml
(n=8), 4.7 μg/ml (n=5), 5.3 μg/ml (n=3), and 5.0 μg/ml (n=1) among cases who performed two, three,
four, five, six, seven and eight steps correctly, respectively.

Graph 1: Mean 30-minute urinary concentration of salbutamol concerning total correct steps

The concentration of 30-minute urinary salbutamol concentration concerning exacerbation, antibiotic, and
OCS use was shown in Table 1. On assessing the salbutamol concentration concerning episodes of exac-
erbation, the mean urinary concentration of salbutamol was found to be 5.3 μg/ml, 4.5 μg/ml, 3.1 μg/ml,
3.2 μg/ml, 3.3 μg/ml, and 0.5 μg/ml among cases with exacerbation of zero episodes, one, two, three, four,
and six episodes of exacerbations, respectively. The mean difference in concentration of salbutamol and
exacerbations in the past year was found to be statistically insignificant. (p=0.192)

The mean concentration of salbutamol was found to be 5.3 μg/ml, 3.3 μg/ml, 3.3 μg/ml, 3.5 μg/ml, 1.7 μg/ml,
and 0.5 μg/ml among cases with antibiotic use of zero courses (not taken antibiotics), one, two, three, four
and five courses of antibiotic use, respectively. On assessing the difference in the mean concentration of
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salbutamol and a short course of OCS use, the mean concentration of salbutamol was found to be 5.0 μg/ml,
4.3 μg/ml, 3.4 μg/ml, 3.1 μg/ml, and 1.3 μg/ml among cases with short course OCS use of zero courses (not
taken OCS), one, two, three and four courses of antibiotic use, respectively.

Table 1: Concentration of 30-minute urinary salbutamol concerning exacerbation, antibiotic,
and OCS use

Discussion

The concentration of salbutamol in the plasma was low following inhalation therapy delivery devices. LEWIS
et al reported a median plasma concentration of 7.4 μg/l of salbutamol after one hour of inhalation through
a nebulizer.22 At the same time, the concentration of salbutamol in urine following inhalation is much
higher which becomes convenient to get detected through assay. Salbutamol is excreted majorly through
the kidneys. The basic properties of salbutamol are unlikely to exhibit significant pH-dependent clearance
through the renal system, especially pH values below 6.5 of urine.23

Hindle and colleagues established that the increased initial recovery of the drug is due to the fact the
salbutamol delivered to the lungs was rapidly absorbed through alveoli and then eliminated unchanged by
the kidneys.14 They employed this simple non-invasive method in 10 healthy subjects to determine an optimal
inhaler technique with commercially available metered-dose inhalers (MDI) comparing different respiratory
maneuvers. Later, this method has been used to compare the delivery of drugs to the lungs through different
devices24 and evaluate the effect of inhalation rate.25 For the first time we employed this method to study the
inhaler technique use among patients with obstructive pulmonary disease and correlate it with the control
status of the disease.

The proportion of patients making inhaler errors differs widely between the studies and the estimated of
those making inhaler errors ranges up to 90%26, 27. The strong correlation between inhaler device use and
disease status is established through multiple studies. Incorrect use of devices may have an impact on the
effectiveness of the drug delivery further leading to poor treatment outcomes.17 On the other side, improv-
ing inhaler technique through training led to significant improvement in the number of attacks (p<0.001),
emergency applications, hospitalizations (p>0.05), and overall quality of life.28

Over half of the COPD patients were unable to use the device correctly.1 In a systematic reviewing 144
published articles on inhaler technique use and the errors made by the patients, only a low proportion (31%)
of patients could demonstrate the correct inhaler technique.29 This concludes the correct use of inhaler
technique has not improved over the past 40 years despite different approaches. In the present study, only
1 patient out of 30 could perform all the 8 steps correctly and half of them scored only [?]5 steps correct.

The mean urine concentration of salbutamol was found to be 3.6±1.6 μg/ml and the highest mean urinary
concentration of salbutamol was found in patients performing all eight steps correctly. The mean difference
in urine concentration of salbutamol was found to be steadily increasing with an increase in the total number
of correct steps and it was found to be statistically significant (p=0.028). The mean urinary concentration of
salbutamol was negligible (0.5 μg/ml) in patients reported with the highest exacerbation frequency. Similar
results were reported by Molimard and colleagues, that those making critical errors in handling the device
were likely to experience a two-fold increase in severe exacerbations than those who handle their devices
without critical errors (3.3% versus 6.9% respectively).7

Previous studies reported poor inhaler technique led to inadequate drug delivery to the lungs can end up in an
unintentional form of non-adherence. COHORT investigators reported unintentional nonadherence through
poor metered-dose inhaler technique associated with overuse of ICS in mild to moderate COPD patients. ICS
use was more common among patients with poor MDI technique (44%) than those with adequate technique
(25%).30 We noted an inverse relationship between the prescribed frequency of short courses of OCS and
antibiotics with a mean concentration of 30-minute urinary salbutamol over the previous 12 months. The
mean difference in 30-minute urinary concentration of salbutamol and antibiotic use in the past year was
found to be statistically significant. (p=0.032).
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Conclusion

The study reiterated the fact that poor inhaler technique is a common problem with patients on inhaler
therapy. Spirometry is a simple, convenient tool and widely available instructed where measuring urinary
concentration through HPLC is a tedious and complex process which makes it unlikely to be accepted to
use on a routine basis in a clinical setup. Assessing the optimal inhaler technique through measurement
of urinary salbutamol concentration is likely to be better than measuring the pulmonary function through
spirometry alone but it comes with the cost. The 30-minute urinary concentration of salbutamol was linear
with inhaled dose and the results of this study witnessed it to correlate with the control status of the
disease. It may help to identify patients who were under-dosed due to poor handling of inhaler devices and
provide appropriate training and monitoring. Understanding the complexity coupled with the procedure,
this method can at least be initiated in patients reporting frequent exacerbations, hospitalization, and those
who need multiple drugs for disease control.
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