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Background: Spirometry is the gold standard test for diagnosing airway disease. However, conducting spirome- 
try in adolescents (13–14 y of age) is challenging because technicians should build a good rapport and maintain 
the technical rigour required in adult testing. This study investigated the challenges in spirometry assessment 
of adolescents with severe asthma. 

Methods: This was a qualitative descriptive study conducted in the Anuradhapura district, Sri Lanka from Febru- 
ary to April 2023. Spirometry was conducted according to standard American Thoracic Society/European Respira- 
tory Society guidelines. Three instructors with adequate knowledge but no prior experience conducted spirome- 
try in adolescents, while two independent researchers observed the participants, followed by in-depth interviews. 
Data were collected until data saturation was achieved. Thematic analysis was used to analyse the experiences 
and perspectives of lung function technicians and participants. 

Results: Data saturation was achieved with 15 adolescents (7 male, 8 female). Two (13.3%) participants showed 
airway obstruction, while one (6.67%) had significant reversibility. Demonstration and simultaneous execution 
to train the respiratory manoeuvres improved the responses, but the test was tiring for the trainee instructor. 
Most adolescents found the procedure exhausting, and the trainee instructor’s self-confidence improved the 
adolescents’ performance. 

Conclusions: The study underscores the need for specialized training required to conduct spirometry in adoles- 
cents and better awareness for adolescents and parents of lung function testing. 

Keywords: adolescents, asthma, lung function technicians, lung function testing, spirometry. 
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lion, respectively).3 Although the prevalence of current asthma 
(symptoms of asthma within the last year) among 13- to 14- 
year-old adolescents was 11.0% in 2022,4 a significant proportion 
of adolescents with symptoms of severe asthma had not been 
diagnosed by a physician.5 The underdiagnosis of asthma can 
be attributed to several factors, including limited public aware- 
ness and understanding of the condition, inadequate access to 
healthcare services, overburdened health systems, insufficient 
availability of diagnostic tools like spirometry, a lack of knowl- 
edge among healthcare providers and the absence or poor en- 
forcement of asthma management guidelines.6 In 2023, the 
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ntroduction 

sthma is a non-communicable chronic disease characterized 
y airway inflammation and airway hyperresponsiveness. It 
s the most common chronic disease affecting children and 
dolescents.1 The estimated global prevalence of asthma was 
60 million in 2021.2 South Asia reports the highest preva- 
ence of asthma (39.87 million).3 South Asia and Southeast Asia 
lso reported the highest number of deaths due to asthma 
232 190 and 72 060, respectively) and the highest number of 
isability-adjusted life years (DALYs) (6.91 million and 2.68 mil- 
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prevalence of parent-reported physician-diagnosed asthma, se-
vere asthma and poor control of asthma in adolescents in the
Anuradhapura district, Sri Lanka was 19%, 15.3% and 29.9%,
respectively.7 Parent-reported physician-diagnosed asthma is de-
fined as asthma clinically diagnosed by a physician based on
clinical history without spirometry evidence. Severe asthma was
defined as having four or more wheezing episodes (recurrent
wheeze), wheezing affecting speech or sleep disturbance due to
wheezing for one or more nights per week in the preceding year.8
Poor control of asthma is defined as a score of ≤19 on a self-
administered asthma control test.9 Considering the high disease
burden, early and objective diagnosis of asthma in children and
adolescents is critical to enable proper asthma care to prevent
irreversible consequences such as airway remodelling leading to
permanent airway obstruction.10 , 11 
Spirometry is the gold standard lung function test to diag-

nose asthma. Despite adolescents being capable of performing
spirometry reliably, lung function testing of adolescents poses a
different set of challenges compared with adults because chil-
dren and adolescents may struggle with comprehending or ex-
ecuting complex breathing instructions required for accurate
spirometry.12 Poor effort, especially during maximal inhalation,
maximal exhalation and sustained exhalation, can affect the
quality of the spirometry curves and result in the underdiagnosis
of asthma among adolescents.13 The main challenges faced by
lung function technicians when instructing children and adoles-
cents to perform spirometry are obtaining maximal reproducible
manoeuvres, detec ting subjec t warning signs and a lack of previ-
ous experiences and skills.14 Inadequate training of lung function
technicians leads to poor-quality spirometry test results.15 The
optimisation of the interaction between participant and techni-
cian is important to obtain maximum effort from the adolescent
while performing spirometry, thus the quality of the test in ado-
lescents depends mostly on the motivation provided by the lung
function technician.14 
Globally, qualitative studies exploring the challenges faced

by adolescents with symptoms of asthma and by lung function
technicians during spirometry are scarce. We conducted a quali-
tative study using a simple random sample of 13- to 14-year-old
adolescents with severe asthma identified in a recently published
study who were selected during an asymptomatic period.7 , 16 The
main objective of this study was to explore the challenges faced
by both lung function technicians and adolescents during spirom-
etry, including understanding the experiences and perspectives
of lung function technicians and adolescents with symptoms of
severe asthma. 

Methods 
Study design 
This was a qualitative descriptive study conducted in the Anurad-
hapura district, Sri Lanka, from February to April 2023. 

Study participants and participant selection 
Adolescents (age 13–14 y) with symptoms of severe asthma and
attending government schools in the Anuradhapura municipal
2

council area, Anuradhapura, Sri Lanka, were identified using the
International Study of Asthma and Allergy in Childhood question-
naire in a recently published study.7 , 17 From the identified partic-
ipants, we selected potential participants for this study using a
simple random sampling method. During the selection, adoles-
cents with contraindications for spirometry (including acute nau-
sea and vomiting; having undergone recent eye, thoracic or ab-
dominal surgical procedures; and recent history of haemoptysis
of unknown origin) were excluded from the study.18 We assessed
asthma symptom control using the asthma control test.9 As rec-
ommended in the published literature on qualitative methods, we
initially aimed for at least nine interviews.19 We developed pre-
liminary codes and themes while interviews were ongoing. By the
13th interview, no new themes or codes were identified. However,
we conducted two more interviews to confirm that data satura-
tion had been reached.20 The lung function technicians were new
to lung function testing in adolescents and received adequate in-
struction and training on performing spirometry with a Vyntus
IOS (Vyaire Medical, Mettawa, IL, USA). We purposefully selected
lung function technicians who were new to testing adolescents to
identify the challenges faced by lung function technicians when
they start testing adolescents. 

Study tools 
Asthma control test 

The asthma control test is a self-administered tool that consists
of five items used to identify adolescents with poorly controlled
(score ≤19) and well-controlled asthma.9 The translated and val-
idated versions of the local languages used in Sri Lanka were used
in this study.7 

Spirometry test 

Spirometry testing was conducted by three lung function techni-
cians new to testing adolescents. Before performing spirometry,
height and weight were measured using a portable Stadiometer
(Seca 213) and a digital bathroom scale (Seca Clara 803) accord-
ing to standard techniques. Spirometry was conducted using the
Vyntus IOS with MicroGrad bacterial/viral filter. Calibration of the
equipment was performed according to the manufacturer’s in-
structions on-site. 
The adolescents were required to sit or stand wearing a nasal

clip. Since the adolescents had no prior experience with spirom-
etry, each adolescent was individually instructed and guided be-
fore and during spirometry to obtain a reproducible, valid flow-
volume curve. Each adolescent held a disposable tube in his/her
mouth in a manner to prevent leakage of air, wore a nasal clip
to occlude the nose and performed the learned manoeuvre in
the standing or sitting position with monitoring of the flow-
volume curve on the computer screen in every attempt. A min-
imum of three attempts was recorded. Bronchodilator reversibil-
ity was demonstrated by administering a short-acting inhaled
bronchodilator (200 μg of metered-dose inhaler salbutamol with
a spacer device) and repeating spirometry testing after 15 min.
The positive bronchodilator reversibility cut-off was > 12% and a
> 200 ml improvement of forced expiratory volume in the first
second (FEV1 ) from the baseline.21 Participants and their par-
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nts were informed to withhold inhalers as recommended by the 
lobal Initiative for Asthma (GINA) guidelines.1 

pirometry data analysis 

low-volume curves that demonstrated a rapid increase to the 
eak expiratory flow and a slow, steady decline were selected. 
he flow-volume curves that fulfil the acceptability and usabil- 
ty criteria were used for assessment.18 The volume scale was at 
0 mm/l, the time scale was 20 mm/s and at least 1 s before the
tart of expiration was displayed in the flow-volume curve. For the 
ow-volume curve, the flow display was calibrated to 5 mm/l/s 
nd the flow:volume ratio was 2 l/s:1 l.18 The quality categories 
, B, C, D, E, U and F for forced vital capacity (FVC) and FEV1 were
sed in this study.18 
The best FVC and the best FEV1 values were obtained by 

bserving all the acceptable curves or by observing the us- 
ble curves if none were acceptable.18 Those values were ob- 
ained separately for the sets of pre-bronchodilator and post- 
ronchodilator manoeuvres. Reference values for Southeast 
sians, as recommended by the manufacturer, and a lower limit 
f normal were used for this research. An FEV1 :FVC ratio < 0.8 
as considered an obstructive airway disease, and if the post- 
ronchodilator improvement of FEV1 was > 12% it was consid- 
red reversible. Participants who had an FEV1 :FVC ratio ≥0.8 and 
n FVC% < 80% were considered to have restrictive airway dis- 
ase. Pseudo-restriction in spirometry refers to a pattern that 
imics a restrictive lung defect (i.e. reduced FVC) but is not due 
o intrinsic lung restriction. Instead, it is typically due to air trap- 
ing from obstructive diseases like chronic obstructive pulmonary 
isease or asthma.21 

n-depth interviews and participant observation 

ach participant was observed by at least two investigators and 
ndependent field notes were written to understand the chal- 
enges faced by the participant as well as the lung function tech- 
icians while performing the lung function tests. The investiga- 
ors focused on the reactions of both lung function technicians 
nd adolescents, their interactions and behaviours during the 
est, the strategies employed by the technicians and the chal- 
enges faced by both. In-depth interviews were conducted on- 
ite with each participant and with the lung function technicians 
ollowing each test. This approach ensured capturing their expe- 
iences while the event was still recent, reducing the risk of losing 
uanced details. The interviews were semi-structured, focusing 
n the challenges faced by the adolescents and technicians and 
heir perspectives while allowing participants to elaborate on any 
spect they deemed relevant to their experience with lung func- 
ion testing. The interviews were recorded and transcribed by the 
esearch team. The duration of the interviews ranged from 30 to 
0 min. 

ata analysis 
he dataset consisted of 30 field notes, 15 transcripts of inter- 
iews with lung function technicians new to spirometry in adoles- 
ents and 15 transcripts of interviews with adolescents. The data 
ollected were analysed using thematic analysis.22 Both inter- 
iew transcripts and field notes were transcribed, coded and cat- 
gorized into themes. Initially, two investigators independently 
oded the data of four interview transcripts manually and de- 
eloped a coding scheme. The interview transcripts were kept 
n the original native language (Sinhala) to preserve meaning. 
he remaining interview transcripts and field notes were then 
oded using the developed coding scheme and new codes were 
dded as necessary. After coding was complete, the subthemes 
nd themes were identified inductively through multiple rounds 
f discussions among the research team until a consensus was 
eached. Two major themes were identified to highlight the per- 
pectives and experiences of the lung function technicians and 
he adolescents, as they are the primary contributors to a suc- 
essful spirometry test. For example, codes such as ‘perceptions 
bout slow spirometry’ and ‘perceptions about forced spirome- 
ry’ were categorised under the subtheme ‘Executing lung func- 
ion testing manoeuvres’, which is within the broader theme of 
Experiences and perspectives of adolescents regarding spirom- 
try’. We have also reported spirometry test results (Table 2 
nd Supplementary Information 1) to provide additional context 
bout participants’ lung function. 

thics considerations 
thical approval was obtained from the Ethics Review Commit- 
ee, Faculty of Medicine and Allied Sciences, Rajarata University, 
ihintale, Sri Lanka (ERC number ERC/2023/03). Parents and/or 
uardians were provided with participant information sheets and 
onsent forms in the native languages (Sinhalese and Tamil) 
nd informed written consent was obtained. Simultaneously, the 
dolescents were provided with assent forms in their native lan- 
uage, and written assent was obtained. 

esults 
tudy participants 
his qualitative study included 8 (53.3%) female and 7 (46.7%) 
ale adolescents ages 13–14 y (Table 1 ). Their body mass index 
BMI) ranged between 12 and 23 kg/m2 , with six participants hav- 
ng a BMI < 16 kg/m2 , which could adversely affect their spirom- 
try performance. Most participants (n = 11 [73.3%]) had good 
sthma control. The three lung function technicians were all fe- 
ale and 23–25 y of age. 

pirometry results 
he spirometry results of the research participants are provided 
n Table 2 and Supplementary Information 1. Airway restric- 
ion was noted in four participants, probably attributable to 
oor inspiratory effort (participants 2, 3, 4 and 8). Of the two 
articipants who had airway obstruction, only one participant 
participant 1) showed significant reversibility after administra- 
ion of a bronchodilator, suggesting reversible airway obstruction 
Figure 1 ). Participant 5, with pectus excavatum, had evidence of 
bstruc tive restric tive mixed airway disease. Three participants 
ad reduced an FEV1 :FVC ratio following the administration of 
-andrenergic agonists (participants 5, 9 and 14). 
3

https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihaf097#supplementary-data
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Table 1. Details of study participants (N = 15) 

Participant Age (years) Sex Height (cm) Weight (kg) BMI (kg/m2 ) Asthma control 

1 13 Female 160 55 21 Poor 
2 13 Female 146 26 12 Poor 
3 13 Male 158 33 13 Good 
4 13 Female 164 63 23 Good 
5 13 Male 153 29 12 Good 
6 13 Female 162 49 19 Good 
7 13 Female 151 39 17 Good 
8 14 Male 169 42 15 Poor 
9 13 Female 145 37 18 Good 
10 13 Female 143 38 19 Good 
11 14 Male 163 48 18 Good 
12 13 Male 157 37 15 Good 
13 13 Male 149 51 23 Good 
14 13 Male 161 45 17 Poor 
15 13 Male 157 37 15 Good 
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Thematic analysis 
We explain our qualitative findings under two major themes: the
experiences and perspectives of lung function technicians new to
spirometry in adolescents and the experiences and perspectives
of adolescents regarding spirometry. 

Experiences and perspectives of lung function 
technicians new to spirometry in adolescents 
Field notes of observers from participant observation (n = 30) and
interview transcripts from in-depth interviews with lung function
technicians (n = 15) were analysed and the findings are explained
under the following subthemes: instructions provided to the ado-
lescent and the difficulties faced by technicians during each test.

Instructions provided to the adolescent 

We observed that the lung function technicians gave verbal in-
structions, demonstrated respiratory manoeuvres and simulta-
neously executed breathing manoeuvres with the adolescent for
training. They also used creative strategies, such as using party
favours, to demonstrate the procedures. 
All three technicians were confident that their subjects under-

stood the verbal instructions. They also demonstrated the proce-
dure of the test before the adolescents were tested, so that the
adolescents understood the instructions better. Field note obser-
vations recorded that demonstrating the breathing manoeuvres
helped the adolescents become familiar with the procedure and
they appeared more relaxed. 

Yes. The participant seemed to understand them (verbal 
instructions) well, but sometimes I was not quite sure…I 
demonstrated to the participant how to inhale, exhale, and 
blow as fast as possible…I think they understood better. 
(Technician 2c) 
4

In certain instances, the lung function technicians synchronised
their breath with the adolescent to obtain a better performance.
This was challenging, as it made the process more exhausting for
the lung function technicians. 
An extract from the field notes stated: 

The adolescent took small breaths during inhalation in 
the first attempt. Before the second attempt, the opera- 
tor again demonstrated how they should exhale fully and 
reassured that the adolescent could expire for a longer pe- 
riod. However, the first two attempts were unsuccessful as 
the adolescent started inhaling before completely exhal- 
ing. Also, when the adolescent was asked to take a few 

cycles of normal breathing, on-screen monitoring showed 
that the adolescent was breathing too fast. The techni- 
cian again demonstrated the technique by asking the par- 
ticipant to breathe simultaneously with the technician for 
training. Thereafter, the adolescent was able to expire for 
more than the required minimum time and performed bet- 
ter technically. (GN’s field notes) 

Difficulties faced during slow spirometry and forced spirometry 

We identified the physical effort required to conduct the test, the
need for extensive practice and building a good rapport with the
adolescent as key difficulties faced by trainee technicians. When
conducting the test, technicians found obtaining a good reading
in forced spirometry, especially the FEV in the first second, as the
most difficult step (Figure 1 ). 

Maintaining the exhalation for 6 seconds was not satisfac- 
tory initially. Then, with further instructions and demon- 
strations, the participant did it correctly, but the participant 
did not perform the forced exhalation part satisfactorily, no 
matter how much I instructed and demonstrated. (Techni- 
cian 3A) 
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Figure 1. Pre-bronchodilator and post-bronchodilator administration forced spirometry–related graphs of participant 1 showing changes in flow- 
volume and volume-time curves. The post-bronchodilator response indicates a lack of significant reversibility. (A) Pre-bronchodilator flow-volume 
loop. (B) Pre-bronchodilator volume-time graph. (C) Post-bronchodilator flow-volume loop. (D) Post-bronchodilator volume-time graph. 
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We also observed that it was challenging for the technicians
to get the participant to maintain the exhalation for 6 s during
spirometry. Technicians were exhausted towards the end of the
testing. They mentioned that encouraging the adolescent to ex-
hale as fast as possible and maintain the exhalation for > 6 s was
difficult. 

Yes. Sometimes we had to encourage the adolescents to 
continue to maintain their exhalation up to 6 seconds. Hav- 
ing to repeatedly instruct and encourage the adolescent 
was exhausting. (Technician 2B) 

The technicians struggled to gain the trust and cooperation of
the adolescents. It was also challenging to obtain the required
readings without making the adolescents tired or uncomfortable.
8

I’m concerned about the connection I built up with the 
adolescent. I need to obtain good results with a mini- 
mum acceptable number of tries not to make the adoles- 
cent tired. So, I’m worried whether I am friendly enough, 
am I too demanding, or is the adolescent afraid of me? 
(Technician 1B) 

Experiences and perspectives of adolescents regarding 
spirometry 
Field notes from participant observation (n = 30) and interview
transcripts from in-depth interviews with adolescents (n = 15)
were analysed and the findings are explained under three sub-
themes: comprehending instructions, executing breathing ma-
noeuvres and perspectives of the adolescents and the parents
about lung function testing. 
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Table 3. Difficulties encountered in conducting spirometry assessment in a cohort of 13- to 14-year-old adolescents (N = 15) 

Difficulties in performing 
Research 
participant Slow spirometry Forced spirometry 

1 Poor inspiratory effort 
Easily distracted deviating from given instructions 

Easily distracted deviating from given instructions 
Poor inspiratory effort 

2 Forced exhalation interrupted by small mid-expiratory 
inspirations 

Poor effort in forceful exhalation 

3 Insufficient expiratory time Forced exhalation interrupted by small mid-expiratory 
inspirations 

4 Insufficient expiratory time Poor posture 
Forced exhalation interrupted by small mid-expiratory 
inspirations 

5 Poor inspiratory and expiratory effort 
Restless 

Poor posture 
Early termination of exhalation 

6 Cough during expiration Adequate performance 
7 Early termination of inhalation and exhalation Poor effort in forceful expiration 
8 Poor inspiratory effort Poor effort in forceful expiration 

Early termination of exhalation 
9 Insufficient expiratory time Early termination of exhalation 
10 Insufficient expiratory time Poor effort in forceful exhalation 
11 Insufficient expiratory time Poor effort in forceful exhalation 
12 Poor posture Poor effort in forced 
13 Insufficient deep inhalation Insufficient forceful exhalation 
14 Adequate performance Poor effort in forceful exhalation 
15 Insufficient expiratory time Poor expiratory effort 
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omprehending instructions 

ll the adolescents stated that they understood verbal instruc- 
ions, but some stated that instructions for performing spirome- 
ry were unclear. 

Instructions for that part (forced expiration) were a bit un- 
clear, but once explained with the use of a party favour, it 
was understandable. (Participant P10) 

After verbal instructions, lung function technicians gave 
emonstrations for further explanation of deep inhalation, deep 
xhalation and forceful exhalation. All adolescents agreed that 
he lung function technicians breathing alongside them to 
emonstrate the optimum technique was helpful and effective in 
emembering and following instructions and provided more clar- 
ty than verbal instructions. 

…It was really helpful as all I had to do was breathe with the 
operator rather than listening and following instructions. 
(Participant P05) 

xecuting lung function testing manoeuvres 

he challenges experienced by adolescents during lung function 
esting are comprehensively summarized in Table 3 , providing a 
lear overview of the issues identified in our study. Most adoles- 
ents (n = 8) stated that the overall test was tiring. The techni- 
ians were attentive and aware of the fatigue experienced by the 
dolescents and facilitated breaks as needed. Although they still 
ound deep inhalation and exhalation exhausting, adolescents 
entioned that the short breaks helped ease their fatigue. 

The test was tiring, but I got adequate rest in between the 
attempts. So, when I was asked to perform after a small 
break, I did not need further resting. (Participant P12) 

n extract from the field notes states: 

After the second attempt in slow spirometry, the adoles- 
cent leaned back into the chair and looked back towards 
the parent to make eye contact and smiled. The technician 
commented on the graph obtained and advised the ado- 
lescent to keep exhaling until she asked to stop. Then, the 
technician asked the adolescent whether he was tired, and 
the adolescent agreed. After a few minutes of rest, the test 
was performed again. The participant took around three 
normal breaths and a deep exhalation followed by a deep 
inhalation. After observing the graph, the technician said 
that the adolescent could take a deeper breath in, which 
showed visible improvement in the next attempt. After the 
technician had confirmed that slow spirometry was over, 
before moving to forced spirometry, the technician allowed 
the adolescent to rest again. (DP’s field notes) 
9
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A few participants performed better when their posture was
changed from sitting to standing. 
Of slow spirometry and forced spirometry, most adolescents

stated that forced spirometry was the most difficult test. 

The second test (forced spirometry)…breathing out (fast) in 
the first second was difficult. I could not breathe as fast as I 
could when I was asked to…I think because I had to breathe 
out as fast as possible and then keep breathing out for as 
long as I could. (Participant P10) 

During the rest, the adolescent was instructed on forced 
spirometry. In the first attempt, the adolescent was asked 
to take three cycles of normal breathing followed by force- 
ful expiration, but as the performance in the first second 
was poor, the operator showed the graph on the computer 
screen and explained again that adolescents can expire 
more forcefully. In the second attempt, although the peak 
was obtained, the adolescent voluntarily stopped expira- 
tion. He was asked to exhale continuously for as long as 
he could without terminating his effort. It was noted that 
the adolescent was trapping air inside the mouth and the 
mouth was moving along the mouthpiece, accompanied 
by excessive body movements during exhalation. (DP’s field 
notes) 

Adolescents had different opinions about which part of spirome-
try was the most challenging. Some reported exhaling for 6 s was
difficult, while others stated that deep inhalation was difficult. 

When asked to breathe out for more than 6 seconds, I was 
scared that no more air was left in my lungs…but after two 
attempts I got used to breathing out for 6 seconds contin- 
uously (after the operator reassured the participant could 
exhale for more than 6 seconds). (Participant P01) 

We observed that during deep exhalation for 6 s, most (n = 9) of
the adolescents were not maintaining an erect posture and they
were sitting unsteadily with hands positioned either between
their legs or grabbing the chair to force themselves to exhale for
at least 6 s. When assessing lung function before and after the
bronchodilator administration, most of the participants stated it
was easier to perform the post-bronchodilator testing because
they were more familiar with the technique. 

Perspectives of the adolescents and the parents about lung func-
tion testing 

None of the parents or adolescents had heard about lung func-
tion testing before the test. When the parents were approached
first to explain the procedure, we observed that they were reluc-
tant to let their child take the test. However, when explained us-
ing more familiar and similar tests, the parents understood the
importance of spirometry for their objective diagnosis of asthma.
Most adolescents were also initially hesitant, as they perceived
the test involved invasive procedures. However, once they under-
stood they only had to breathe in and out through the machine,
they were cooperative. 
10
The adolescents did not face any difficulty in handling the in-
strument. A few stated that they were scared when they first saw
the instrument, but we observed that they relaxed once the pro-
cedure was explained. 

Discussion 

This study was conducted to assess the challenges and ex-
periences of lung function technicians and adolescents during
spirometry. Seven of fifteen adolescents performed spirometry
in an acceptable and reproducible manner, with three satisfying
the acceptability criteria and two only satisfying the usability cri-
teria. A previous study conducted in the UK reported that 68%
of the adolescents (n = 47, ages 5–16 y) presenting with wheez-
ing or asthma performed spirometry in an acceptable manner.23 
The same study showed that adolescents unable to perform
spirometry were younger than those who could produce accept-
able results. However, previous studies have shown that obtain-
ing valid and repeatable lung function results in some preschool
children is possible, but the performance is highly inconsistent.10 
Repeat spirometry is recommended in symptomatic participants
with normal spirometry results to avoid false negatives and
underdiagnosis.24 Despite employing standardized spirometry
protocols in our study, some adolescents were unable to gen-
erate acceptable curves, which further highlights the need for
qualitative exploration of challenges in conducting spirometry in
adolescents. 
Most adolescents (46.67%) stated that the test was exhaust-

ing. A study by the American Thoracic Society and European Res-
piratory Society reported that 26.3% of participants felt tired af-
ter the spirometry test.25 However, the fatigue rate in our study
was nearly twice as high, possibly due to the additional attempts
required to achieve acceptable test results. Obtaining a techni-
cally satisfactory FEV1 was the most difficult step for both ado-
lescents and trainees in our study. However, in contrast, a pre-
vious study on spirometry reported that forced expiratory mea-
surements are easy to perform and that the measurements carry
significant prognostic information.26 This may be due to differ-
ences in participant ages and the experience levels of lung func-
tion technicians. Trainee lung function technicians must receive
comprehensive guidance and specialised training to obtain tech-
nically standard results in adolescents.18 
Our findings show that technicians had to use on-screen in-

centives, demonstrations using party favours and repeated at-
tempts to improve the performance of adolescents, as obtain-
ing maximal forceful inspiration and expiration was difficult. This
aligns with the current GINA guidelines that state many adoles-
cents can perform reproducible spirometry if coached by an expe-
rienced technician with visual incentives. However, as shown by
this study, a lack of instructions given to the adolescent through-
out the test to maintain the required posture could affect perfor-
mance during spirometry. This finding reinforces the need for spe-
cialized training and experience required to perform lung function
tests with adolescents. 
Demonstrating the breathing pattern and simultaneous exe-

cution of the respiratory manoeuvres with the adolescent before
the test improved the performance of the adolescents, although
it was tiring for the trainee instructor. A previous study showed
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hat being adequately prepared for the test and receiving a com- 
rehensive explanation of the process beforehand is essential.25 
owever, in our study, adolescents found it more helpful when 
ach test was explained at the start and each step was called out 
o them during the test. Therefore, we suggest that demonstrat- 
ng respiratory manoeuvres and synchronised breathing with the 
dolescent during training is superior to verbal instructions before 
he test. 
We suggest that the training of lung function technicians 

hould emphasize effective instruction techniques, strategies to 
mprove adolescent cooperation such as the use of onscreen 
raphics and party favours, a convenient and comfortable testing 
nvironment, adequate rest periods between tests and methods 
o reduce the fatigue of technicians, as it is critical to conduct 
echnically standard spirometry to promote objective airway dis- 
ase diagnosis in symptomatic adolescents.27 Additionally, the 
xperience of lung function technicians who are new to testing 
dolescents will improve over time with adequate and compre- 
ensive training, ensuring progressively higher quality and reli- 
bility in test administration. Increasing awareness among par- 
nts about spirometry could improve test participation. Further- 
ore, as many adolescents with symptoms of severe asthma 
ad normal spirometry results, incorporating complementary di- 
gnostic methods could improve asthma detection and reduce 
nderdiagnosis. 
Our study has several limitations. The focus on a single ge- 

graphic area may affect the generalizability of the findings to 
he whole country. However, this study intended to provide rich, 
n-depth data within the specified context.28 The short-term in- 
raindividual variability, for instance, the variations in lung func- 
ion throughout the day and airway reactivity, could have af- 
ected our results. A single spirometry test performed during an 
symptomatic period may not definitively rule out asthma in 
dolescents. Therefore, it is important to consider re-evaluation 
t a later time to capture any changes in respiratory status and 
mprove diagnostic accuracy. Next, limited background knowl- 
dge regarding lung function testing in adolescents and their 
uardians could have limited the scope of their ideas on spirom- 
try. Many of the participants in our study were unaware that 
ronchial asthma can be diagnosed with spirometry. These fac- 
ors may have affected their engagement, cooperation and per- 
ormance during the testing, as well as the overall reliability of 
he data collected. We attempted data triangulation by using two 
ualitative methods—interviews and participant observation—
nd by using multiple observers rather than a single observer.29 
hus we recommend future research should focus on three key 
reas: developing and evaluating standardised training for lung 
unction technicians to improve the quality of spirometry in ado- 
escents, evaluating the effectiveness of alternative lung func- 
ion tests in diagnosing asthma in adolescents and assessing the 
mpact of interventions on increasing awareness of parents and 
dolescents about spirometry. 

onclusions 
his study provides insights into the challenges of conducting 
pirometry administered by technicians new to lung function 
esting among adolescents with severe asthma. Lung function 
echnicians reported that they faced difficulties such as physical 
xhaustion and establishing rapport with adolescents. Regarding 
he experiences of adolescents, we found that clear explanation 
educed their anxiety and the procedure was exhaustive but not 
cary. Adolescents struggled with deep inhalation, sustaining ex- 
alation for 6 s and coordinating the timing of breathing ma- 
oeuvres. They found that demonstrations coupled with verbal 
nstructions were more helpful. The need for breaks during the 
rocedure and adjustments in posture were also important find- 
ngs. Overall, this study highlights the need for specialised training 
equired to conduct spirometry in adolescents and better aware- 
ess for adolescents and parents regarding spirometry. 

upplementary data 

upplementary data are available at International Health online. 
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