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Preface 

Through physical activity, I have made friendships and learned about my strengths 

and weaknesses, both physically, socially, and mentally. My life has in many ways 

been built and motivated around physical activity, helping me towards a healthy life. 

However, through my studies and work as a physical therapist, I have learned that a 

healthiest possible life is not only about being physically active, but a privilege 

influenced by multiple determinants. Determinants that must be explored in varies 

ways and nested together.  

In this master thesis and the article that follows from page 40, aimed for publication in 

British Medical Journal (BMJ) Open Sport and Exercise Medicine, the theoretical 

grounding is based in the biomedical perspective. The aims were primarily thought to 

be investigated and evaluated in a thesis for two medical students, but due to the 

COVID-pandemic, the project was delayed. Through my work at the Vitality Center for 

Children and Youth, Haukeland University Hospital, I got insight into the project and 

was invited to do this as my master project. Planning and organizing the project started 

in the spring of 2021, and the project kept gradually evolve through the fall and winter. 

Eventually reaching a comprehensive and memorable spring, resulting in the thesis 

and article you are about to read.  

I have many to thank for the opportunity to do this master project. First and foremost, 

all included patients, without them this project would have been impossible. Professor 

Ola Drange Rßksund has since my bachelorôs degree, been an inspiration, and are 

the main reason for me being able to write this. He has further motivated me through 

conversations, and with an encouraging and supportive approach, guided me into an 

arena to thrive in. I have been lucky and thankful for having the skilled and pedagogical 

supervisor Silje Mæland, guiding me through an inspirational and educational process. 

Thanks to the project leader professor Jon Hardie for letting me be a part of this project 

and many hours in ñthe labò together. Thanks to Maria Vollsæter and Hege Clemm for 

guidance and inspiration. I will also thank my leader at the Vitality center Lars Peder 

Bovim for being supportive and helpful throughout this whole period. Finally, I will 

thank my family, friends, colleagues, and teachers for your support, feedback, and 

questions. 
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Terms  

CLE score: Continuous Laryngoscopy Exercise score. The scoring system for 

diagnosing EILO during a CLE test. Contains of four sub-groups, each graded from 

zero to three at glottic and supraglottic level at moderate and maximal effort. A higher 

CLE score indicates more laryngeal closure. 

CLE test: Continuous laryngoscopy exercise test. Visualizing laryngeal movements 

during exercise, typically on a treadmill. The gold standard for diagnosing EILO. 

Cold air: Air with a temperature Ò minus 15°C.  

EIB: Exercised-Induced Bronchoconstriction. 

EILO: Exercised-Induced Laryngeal Obstruction 

FEV1: Forced expiratory flow during the first second during a spirometry. 

Glottic: The vocal cords. 

Identical workload at moderate effort: The point in time a patient first reached 

moderate effort when looking at two CLE tests. 

Identical workload at maximal effort: The point in time a patient first reached maximal 

effort when looking at two CLE tests. 

Laryngoscopy: Visual evaluation of larynx with optic equipment leaded through the 

nostrils.  

Maximal effort: The moment a patient ceased to run during the CLE test, due to the 

standardized treadmill protocol gradually increasing in workload. 

Moderate effort: The moment a patient starts to run during the CLE test, due to the 

standardized treadmill protocol gradually increasing in workload.  

Performance: A patientôs test duration during a CLE test. 

Rom air: Room air with a temperature of 20 to 22°C.  

Spirometry: Lung function test, measuring flow and volume of air exhaled and inhaled. 

Supraglottic: Structures above the vocal cords/glottic. 

Young adult: Defined in this project as 18 to 40 years. 



 
 

Summary 

Exercise-Induced Laryngeal Obstruction (EILO) while breathing cold air. 

Haakon Kvidaland, Department of Global Public Health and Primary Care, 2022. 

Introduction: Exercise-induced laryngeal obstruction (EILO) is important to consider 

when investigating patients with exercise-induced dyspnea. The gold standard in 

EILO-diagnostics is the Continuous Laryngoscopy Exercise test (CLE test), visualizing 

laryngeal response patterns during a standardized treadmill exercise test with 

increasing workload until maximal effort. Although literature reports more symptoms 

of EILO during exercise in cold air, compared to room air, no studies have 

systematically investigated a potential difference.  

Aims: To evaluate a potential difference in laryngeal obstruction when breathing cold 

air compared to room air, among young adults (suspected of EILO.  

Methods: In this randomized crossover design, nine patients (29.8 (21-38) years 

(mean (range)) suspected of having EILO were included. They performed, in random 

order, two standard CLE tests, one while breathing cold air (-15°C) and one while 

breathing room air (20-22°C). The degree of laryngeal closure was scored using 

standard CLE score at moderate and maximal effort on glottic, and supraglottic level. 

A higher CLE score indicates more laryngeal closure. 

Results: There was no difference in the CLE sum score (0.1(-0.7-0.5) (mean 

difference (95%confidence interval (CI)). When breathing cold air during the CLE tests, 

the mean difference in test duration were 15 seconds shorter (2-28 (95%CI)), and the 

supraglottic closure at moderate effort was higher at an identical workload (0.6 (0.2-1) 

(mean difference (95%CI)), compared to when breathing room air. 

Conclusion: Breathing cold air compared to room air did not influence the CLE sum 

score. The patients ran for a shorter period when breathing cold air, and supraglottic 

obstruction was more prominent at moderate effort. More extensive studies with more 

patients are needed. 

 

Key words: Exercise-induced laryngeal obstruction, Cold air, Continuous Laryngeal 

Exercise test, Exercise-induced dyspnea, Exercise, Physical activity, and Randomized 

crossover design. 



 
 

Sammendrag 

Introduksjon: Anstrengelses-utløst larynks obstruksjon (EILO) er viktig å ta hensyn 

til i utredningen av pasienter med anstrengelses-utløst pustebesvær. Gullstandarden 

for å undersøke pasienter med mistanke om EILO er en kontinuerlig laryngoskopi 

anstrengelses test (CLE test), da den visualiserer strupen underveis i en 

standardisert tredemølle protokoll som øker gradvis i belastning frem til maksimal 

anstrengelse. Det rapporteres i litteraturen om at symptomer på EILO er vanligere 

når det pustes inn kald luft sammenlignet med romluft, men ingen studier har 

systematisk undersøkt en mulig forskjell.  

Hensikt: Å undersøke en mulig forskjell i larynks obstruksjon når det pustes inn kald 

luft sammenlignet med romluft, blant unge voksne med mistanke om EILO. 

Metode: I denne randomiserte overkrysningsstudien ble ni pasienter (29.8 (21-38) år 

(gjennomsnitt (variasjonsbredde)) med mistanke om EILO inkludert. De 

gjennomførte i randomisert rekkefølge to CLE tester, en med kald luft (-15°C) og en 

med romluft (20-22°C), for å finne and skåre grad av larynks obstruksjon ved 

moderat og maksimal anstrengelse på stemmebåndsnivå og over 

stemmebåndsnivå. En høyere CLE skår indikerer større grad av obstruksjon. 

Resultat: Det ble ikke funnet noen forskjell på total CLE skår (0.1 (-0.7-0.5) 

(gjennomsnittlig forskjell (95% konfidensintervall (KI)). Pasientene løp 15 sekunder 

kortere (2-28 (95%KI)) når de pustet kald luft, og hadde en høyere CLE skår over 

stemmebåndsnivå ved moderat anstrengelse ved identisk arbeidsbelastning (0.6 

(0.2-1) (gjennomsnittlig forskjell (95%KI)), sammenlignet med når de pustet romluft 

underveis i CLE testen. 

Konklusjon: Det å puste kald luft viste ingen forskjell på total larynks obstruksjon, 

sammenlignet med romluft. Pasientene løp kortere når de pustet kald luft og hadde 

mer lukking ved moderat anstrengelse. Mer forskning med flere pasienter er 

nødvendig. 

 

Nøkkelord: Anstrengelses-utløst larynks obstruksjon, Kald luft, Kontinuerlig 

laryngoskopi anstrengelses test, Anstrengelses-utløst pustebesvær, Trening, Fysisk 

aktivitet og Randomisert overkrysningsstudie.
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1. Introduction 

Exercise-induced dyspnea, or shortness of breath, is a common complaint among 

adolescents and young adults.1 Typical symptoms are wheezing, coughing, throat 

tightness and chest tightness,2 which an obstruction in the airways can induce. This is 

typical referred to as asthma.3 This thesis and the article will use the term exercise-

induced bronchoconstriction (EIB) instead of asthma. It specifies the obstruction being 

exercise-induced and located in the bronchi in the lower airways (illustrated in red in 

figure 1). EIB is a well-known and studied problem in physically active persons.4 The 

highest prevalence is fifty percent among high-performance athletes inhaling cold and 

dry air.5 The prevalence is poorly understood in the general population due to most 

research focusing on children, adolescents, and athletes.6 However, prevalence is 

estimated to be five to twenty percent in the general population,6 and eight to ten in 

the Norwegian childhood population.7 Breathing cold air is a well-known trigger for EIB 

3, 8-11 and increases the ability to correctly identify a patient having EIB.9, 12, 13 A study 

has also found a reduction in performance, with a lesser oxygen consumption (VO2) 

among athletes with EIB exercising in the 

cold.14 Reduced performance however, is also 

found among athletes with no lung diseases.15 

Medication to open the bronchi and reduce 

airway obstruction is the primary treatment for 

EIB.3  

 

As a common airway obstruction, 

misdiagnosing of EIB has resulted in many 

patients being wrongly diagnosed and 

medicated.16 In retrospect, patients have been 

diagnosed and treated too late for a less-

known cause of airway obstruction, termed 

Exercise-Induced Laryngeal Obstruction 

(EILO). EILO is an inspiratory airway obstruction in the larynx in the upper airways 

(illustrated in blue in figure 1).1 Patients with EILO are a large, heterogeneous, and 

vastly understudied group,2 despite the estimated prevalence of five to seven percent 

Figure 1. A schematic drawing of the airways 
highlighting the bronchi and larynx. 

Bronchi 
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in the general population.17, 18 EILO-treatment aims to reduce the perceived exercise-

induced dyspnea, but the optimal approach remains to be determined.19 

Note that the pathophysiology of EIB is beyond the aim of this master project and 

therefore not discussed. However, when evaluating EILO, mentioning EIB due to 

overlapping clinical features is appropriate, despite a different pathophysiological 

background. 

1.1 EILO and cold air 

The larynxôs primary role during ventilation is to transport air in and out of the lungs.20 

The vocal cords, further referred to as glottic, are placed in the larynx (illustrated in 

figure 2). Glottic consist of voluntary muscles.21 It is the narrowest part of the upper 

airways,22 making it vulnerable to causing turbulent air and high airways resistance 

during inspiration.23 The airway resistance should be as low as possible during 

exercise, and glottic movements are supposed to open up to reduce the airway 

resistance.1 As the glottic closes, the tract gets smaller. If enough inwards movement 

is observed during inspiration when exercising, it is called EILO on the glottic level.24 

It is also described, among other things, as Vocal Cord Disorder,25 but in this thesis 

denoted only as EILO on the glottic 

level. Obstruction above the glottic 

level can also induce EILO, specified 

as EILO on the supraglottic level 

(illustrated in figure 2). The 

supraglottic level consists of cartilage 

called Cuneiform tubercles, further 

called supraglottic. An inspiratory 

obstruction occurs if supraglottic falls 

enough inwards over the respiratory 

tract during inspiration.24 

Symptoms for both glottic and 

supraglottic EILO occurs during or immediately after exercise.2 Symptoms not 

mentioned previously and closely associated with EILO are inspiratory stridor 

(abnormal breathing sounds during inspiration), panic, abnormal and 

hyperventilation.25 Symptoms for EILO worsen with increased exercise due to 

Figure 2. Illustration of larynx seen from above. The 
arrow illustrating air entering the lower airways through 
larynx and the respiratory tract. 
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increased respiratory work.2 The demand for respiratory work depends upon how 

physically active and relatively fit a person is, plausibly explanation why EILO is most 

commonly seen among adolescents and young physically active adults.25 Being 

physically active might also make patients more attentive to minor airflow disturbances 

during exercise than sedentary people.26 However, knowledge regarding important 

epidemiological data such as prevalence, age, and gender distribution is lacking. On 

that note, research and awareness regarding EILO are increasing.  

The first publication on EILO on the glottic level came in 1983.27 Since then, research 

to better understand EILO has gradually evolved. The first publication on the current 

gold standard for diagnosing EILO, further referred to as the Continuous Laryngeal 

Exercise test (CLE test), was published in 2006.28 In 2021, EILO became an official 

diagnosis in Norway.29 Despite EILO being gradually more understood and known, 

patients with EILO are still often wrongly diagnosed.18, 30, 31 Also, patients with EILO 

tends to be diagnosed too late and are given ineffective medical EIB treatment.16 It is 

important to note that EILO can co-exist with EIB.17, 18, 31 However, to distinguish and 

better understand different kinds of exercise-induced dyspnea, a better understanding 

of EILO is needed. 

In Nordic countries, breathing cold air while exercising is common, and among winter 

athletes the prevalence of EILO is 27 percent.32 Typical symptoms of EILO on the 

glottic level, like inspiratory stridor, are most commonly observed in outdoor sports 

athletes,33 proposing that environmental factors can induce and affect patients with 

EILO. At the same time, researchers express that patients with EILO have a reduced 

performance when training in the cold,2 and studies discuss whether breathing cold 

air might induce EILO.2, 34, 35 A study also found that patientsô breathing difficulties, 

related to cold air exposure, are no predictor to distinguish EILO from other lung 

diseases well known for being triggered by cold air.36 These findings indicates that 

EILO might be triggered by cold air. However, no studies have systematically 

investigated if breathing cold air affects patients with EILO. To secure proper 

diagnostic and treatment of patients suspected of EILO, it is therefore necessary to 

investigate if breathing cold air causes and affects EILO. 

Cold air is further defined as dry air with a temperature of Ò -15°C, room air as 20 to 

22°C, and young adults as 18 to 40 years.  
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1.2 Breathing cold air 

From studies done on athletes with no lung diseases, a significant shorter test duration 

has been found when breathing cold air compared to room air.14, 15 A possible reason 

for a reduced performance might be loss of water. At rest, air usually enters through 

the nose, where the air gets moist and warm, giving adequate air before entering the 

throat.37 Breathing through the mouth, during vigorous work, affects the temperature 

in the upper airways faster than when breathing through the nose.37 If simultaneously 

breathing cold air, the temperature of the air will be lower, resulting in the need to heat 

the air up even more. In order to heat up the air, the throat has an increased demand 

for water, resulting in cells shrinking.37 However, how and if this affects EILO in cold 

air is unknown. 

A high prevalence of EIB among winter athletes is found.14 As early as 1984, a 

research team found that breathing cold air is a reliable and reproducible method to 

investigate EIB.12 When establishing the method for breathing cold air as an 

examination during exercise, among patients suspected of EIB, the researchers let the 

participants perform lung function tests periodically during a running session. They 

also used well-established bronchial provocation tests to compare the participants and 

a control group. Due to a lack of knowledge regarding EILO, and the CLE test being 

the only established test for investigating EILO, a similar approach is not possible 

when examining EILO and breathing cold air.  

1.3 The continuous laryngeal exercise test (CLE test) 

The CLE test is a progressive exercise test on a treadmill.28 The test is standardized 

to start at rest and gradually increase the workload until the patient reaches maximal 

effort, with a preset protocol. A flexible fiberoptic 

laryngoscope is inserted via the nostril to give an 

optimal view of the larynx throughout the test (See 

figure 3). The footage is used to examine a possible 

EILO on glottic, supraglottic, or both levels. The degree 

of inwards movement is scored, resulting in a CLE sub- 

and sum score. The CLE sum score goes from zero to 

twelve, and a higher score indicates more closure. By 

using a special device, evaluating patients on a 

treadmill while breathing cold air is possible,38 enabling CLE tests to be performed 

Figure 3. Real picture from a 
laryngoscopy filming larynx during 
a CLE test. Obtained from Maat et 
al., approved for use by the 
authors in this project.24 

Glottic 

Supraglottic 
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while breathing cold air. Due to the device however, oxygen consumption, the gold 

standard for evaluating physical performance, cannot be measured during a CLE test 

while breathing cold air. 39 Despite oxygen consumption being measured during a CLE 

test in room air, performance is further defined as a patients test duration. 

1.4 The theoretical grounding 

The theoretical grounding from previous research on EILO is dominantly a biomedical 

perspective. The biomedical perspective focuses on measurable biological factors.40 

Examples of this are using measurable provocation tests to investigate biological 

response in patients with EILO,41 and gathering medical history in patientsô journals, 

exclusively looking for measurable medical data.33 

The biomedical approach to disease has been successful beyond all expectation.40 

However, biological factors are not sufficient to describe 

anyoneôs health and challenges. The biopsychosocial 

model illustrates how health consists of biological, 

psychological, and social factors (illustrated in 

figure 4).40 To assume that itôs sufficient only to 

investigate biological factors is, in the light of this, 

counterproductive, since this will result in a limited 

understanding. At the same time, when investigating 

a field not clearly defined, as for this project, an 

explorative study from a biomedical perspective 

can be used.  

 

 

 

 

 

Psycological 
factors

Social factors

Biological 
factors

Figure 4. The biopsycosocial model 
illustrated. Illustrating how health consists 
of the three equally important factors: 
biological, psycological and social. 
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2. Purpose 

The purpose of this master project is to give a better biological understanding of 

whether breathing cold air might affect or induce EILO and/or performance among 

young adults suspected of EILO. 

2.1 Research question 

Are CLE score and/or performance among young adults suspected of EILO affected 

by breathing cold air?  

2.2 Hypothesis  

2.2.1 Alternative hypothesis 

i) When breathing cold air, young adults suspected of EILO have a different 

CLE score than when breathing room air.  

ii) When breathing cold air, young adults suspected of EILO acquire the debut 

of EILO at a different time than when breathing room air. 

iii) When breathing cold air, young adults suspected of EILO have a different 

test duration than when breathing room air.  

2.2.2 Null hypothesis 

i) When breathing cold air, young adults suspected of EILO have no different 

CLE score than when breathing room air.  

ii) When breathing cold air, young adults suspected of EILO acquire no debut 

of EILO at a different time than when breathing room air.  

iii) When breathing cold air, young adults suspected of EILO have no different 

test duration than when breathing room air.  

 

 

 

 



7 
 

3. Method  

3.1 Research design 

This project was an explorative study with a randomized crossover design. By using 

the crossover design, a patientôs CLE score during a CLE test while breathing room 

air was compared with a CLE test while breathing cold air. The order for the first test 

was randomized, and each patient worked as its own control. The crossover design 

has previously been used when investigating the effect of physical activity and 

possible differences in lung function when breathing room versus cold air.38, 42-44 

Figure 5 illustrates how the research design was used.  

 

 

Figure 5. Illustrating the crossover design used in this project. CLE test = Continuous Laryngoscopy 
Exercise test. 

 

3.2 Inclusion and exclusion criteria 

3.2.1 Inclusion criteria  

All participants included in this study were suspected of EILO after visiting a specialist 

clinic for pulmonary disease. They were defined as young adults, meaning between 

18 and 40 years. Since the participants were selected through a clinic they are further 

described as patients. 

 

Result

s 

One week in between 

tests 



8 
 

3.2.2 Exclusion criteria  

¶ Patients evaluated for exercise-induced dyspnea were excluded if having: 

o Asthma or EIB 

o Other lung diseases 

o More than ten years of smoking 

o Smoking more than one cigarette per week the last year 

o Lung infection  

o Airway allergy 

3.3 The study subjects 

Nine patients suspected of EILO were screened for inclusion and exclusion criteria, 

invited, and selected for the study through the specialist clinic. There is no data when 

it comes to how many patients that were evaluated for exercise-induced dyspnea 

attending the clinic during the inclusion process, from august 2021 to January 2022. 

Nor if any patients eligible for inclusion declined an invitation. Still, a flow chart is 

illustrated in figure 6 to give a better overview of the inclusion process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inclusion process 

Screened for exclusion criteria Fulfills one or more exclusion criteria 

Symptoms consistent with 
EILO and fits inclusion criteria 

Excluded 

Invited into the study 

Patients with exercise-induced 
dyspnea attending the 

specialist clinic for pulmonary 
diseases.  

Accept 

Included (n=9) 

Denies 

Figure 6. The inclusion process 
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3.4 Sample size  

Adequate sample size was essential to avoid random errors, biases, also called 

systematic errors, and confounding variables.45 Confounding variables are factors 

related to both the independent and dependent variable, and occurs when a third 

known or unknown variable are mixed in with the findings.46 A power analysis to secure 

knowledge regarding a proper sample size was not performed. This was due to lack 

of knowledge regarding essential parameters such as effect size and distribution. 

However, for this explorative project, a sample size of 20 was assumed appropriate. 

3.5 The randomizing procedure 

Prior to testing, the order for a patientôs first CLE test was randomized to either:  

¶ A CLE test while breathing cold air or, 

¶ A CLE test while breathing room air.  

An independent person, otherwise not involved in this project, randomized the order 

in blocks of four. The randomization was done by drawing a number ñ1ò or ñ2ò, where 

ñ1ò represented starting with the CLE test breathing room air,s and ñ2ò represented 

starting with the CLE test breathing cold air. After the test-number was chosen, 

another number representing the ID number for one of the patients in a respected 

block was drawn. Blocks of four secured that half the sample started breathing cold 

air and the other half with room air at relatively short intervals.  

A note with information regarding the patientsô order for the two tests was put into a 

non-transparent envelope. Further, the envelope was sealed and locked in a cabinet 

in the laboratory. Right before a patientôs first CLE test, the note with the respected ID 

number was read. 
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3.6 Variables  

Table 1 shows variables measured during the different phases of each visit.  

Table 1. Variables measured during the different phases of the visit.  

Pre-test CLE test Post-test 

 

Lung function: 

¶ Spirometry 

CLE score Lung function: 

¶ Spirometry 

Questionnaire Test duration (min)  

Weight in kg Perceived breathlessness:  

Borg CR10 scale 

 

Height in cm Heartrate (BPM)  

 Oxygen consumption (mL/min/kg)  

CLE test = Continuous Laryngeal Exercise test. BPM = beats per minute. Oxygen consumption is 

written in cursive and was only measured during the CLE test while breathing room air. 

3.6.1 Questionnaire  

A questionnaire was filled out, to give background data for each patient and knowledge 

regarding their exercise-induced dyspnea, shown in attachment 1. The questionnaire 

was filled out prior to the first CLE test. The questions used in this master project to 

describe the sample were 7.1, 7.2, 7.3.2, 7.3.3, and 7.4 (see attachment 1). After filling 

out the questionnaire, weight and height were measured with clothes on, but without 

shoes.  

3.6.2 Spirometry 

Following height and weight and before the CLE test, the lung function was evaluated 

by preforming a spirometry. Spirometry measured airflow and air volume during 

inspiration and expiration, with forced expiratory volume in the first second (FEV1) 

being a particularly relevant measure.47 FEV1 was the amount of air in liters a patient 

managed to exhale in the first second during maximal expiratory effort, both in duration 

and power.  

Spirometry was measured sitting in a chair. The patients were relaxed, with a straight 

posture and knees and hips at an approximately 80ï90-degree angle. The procedure 

was performed with a nose clip and the mouth covering a mouthpiece connected to a 

Vyntus Pneumo (Vyaire Medical GmbH, Leibnizstrasse, Hoechberg, Germany), and 

evaluated according to standardized criteria for spirometry.47  The data obtained were 
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transferred to SentrySuite Software (Vyaire Medical GmbH, Hoechberg, Germany). 

The procedure consisted of four major parts:  

¶ First, a resting breathing frequency for around 30 seconds 

¶ Second, a full inspiration 

¶ Third, a forced maximal expiration was performed until the airflow was 25 

mL/sec.  

¶ Fourth and last, a full inspiration. 

 

The spirometry was also performed five minutes after the CLE test. To rule out EIB, a 

change Ó10% between a pre and post-exercise test was assumed to be compatible 

with untreated EIB.48 

 

3.6.3 The CLE Test treadmill protocol 

The preset protocol was used on a treadmill (Woodway PPS 55Med, Wil am Rhein, 

Germany). The protocol is described in table 2 and shown in figure 7. As shown, the 

CLE test started slowly and gradually increased in both speed and incline. The test 

was stopped when the patient ceased to run, due to fatigue, respiratory distress, or a 

combination. Note that since the protocol is standardized, a given point in time during 

the CLE test will always be associated with a given workload.  

Table 2 Detailed description of the test-protocol on the treadmill.  

Step km/h % Incline Duration (min) 

1 1,5 0 1:00 

2 1,5 5 1:00 

3 2,1 9 1:00 

4 2,7 10 1:00 

5 3,3 11 1:00 

6 4,0 12 1:00 

7 4,7 13 1:00 

8 5,4 14 1:00 

9 6,1 15 1:00 

10 6,7 16 1:00 

11 7,4 17 1:00 

12 8,0 18 1:00 

13 8,6 19 1:00 

14 9,0 20 1:00 

15 10 20 1:00 
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16 11 20 1:00 

17 12 20 1:00 

18 13 20 1:00 

19 14 20 1:00 

20 15 20 1:00 

 
Figure 7. Schematic representation of the treadmill protocol. 

3.6.4 The CLE test 

The CLE test was performed according to the setup described by Heimdal et al.28 The 

main objective of the test was to evaluate glottic and supraglottic movements during 

exercise and give a CLE score based on the movements observed. A laryngoscopy 

attached to the patientôs head with a custom-made headgear allowed for video and 

audio recording of the laryngeal inlet during the test. Figure 8 shows the placement of 

the laryngoscope in the throat and how the recording was viewed on the monitor.  

Supraglottic 

Glottic 

 

Figure 8. Footage showing placement of the laryngoscope in the throat and how the picture was 
shown on a monitor. Picture: private. 

The CLE test consisted of three phases. Walking was the first phase, followed by 

running, and the last phase was after aborting the test. Moderate effort was the 

moment each patient started to run. In other words, the transition between phases one 

and two. The maximal effort was when each patient aborted the test, meaning the 

transition between phases two and three. Figure 9 illustrates the phases of the CLE 

test with moderate and maximal effort. 

Laryngoscopy 
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Figure 9. Illustrating the CLE test with moderate and maximal effort. 

 

During the CLE test, the patientsô heartrate was monitored with four electrodes on the 

chest connected to CUSTOMED (Custo Diagnostics, Germany). Also, immediately 

after reaching maximal effort, the patients estimated their perceived breathlessness 

using the Borg CR10 Scale,49 denoted further as Borg Scale. The scale goes from 0 

(no breathlessness) to 10 (extreme breathlessness). 

3.6.5 The CLE test while breathing cold air 

A Turbo Aire ChallengerTM (Equilibrated BioSystems, Ind., Melville, NY) was used to 

evaluate glottic and supraglottic movements when breathing cold air (See attachment 

2 for the manual). The device generated cold and dry high-pressured air into the 

airways and has been used in studies to generate cold air when investigating patients 

with EIB.38, 43 See figure 10 for an illustration of the device.  

 

Figure 10. Illustration of Turbo Aire ChallengerTM connected to a connection point for gas. 

Maximal effort: 

Transition 2: 

From running to aborting the test 

Moderate effort: 

Transition 1: 

From walking to running 
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A comparison of the CLE test while breathing room air with the CLE test while 

breathing cold air are shown in table 3. 

 

Table 3. Comparison of CLE test breathing room air versus cold air. 

 CLE test breathing room air CLE test breathing cold air 

High-pressure air  X 

Cold and dry air  X 

Normal room air with no 

additional resistance 

X  

Standardized treadmill test 

protocol 

X X 

Breathing through a 

mouthpiece 

X X 

Measuring ventilatory data X  

Table describing the most essential similarities and differences between the CLE test breathing cold air 
and the CLE test breathing room air. CLE = Continuous Laryngoscopy Exercise test.  

 

Figure 11 shows the complete setup before a CLE test while breathing cold air. 

When breathing room air, the white mouthpiece was replaced with a similar blue. On 

the back of the blue mouthpiece a turbine was placed and connected to Vyntus CPX 

(Vyaire Medical GmbH, Leibnizstrasse, Hoechberg, Germany) to measure oxygen 

consumption.  
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Figure 11. CLE-test with setup for breathing cold air. A setup for a continuous laryngoscopy exercise 
test performed on a treadmill while breathing cold air. The patients were breathing through a TurboAire 
ChallengerTM biting over a mouthpiece. A wire connected to the ceiling was used to adjusts the height 
of the TurboAire ChallengerTM. A hose connected to a gas-output on the wall with pressurized air of 
approximately 7 bars, gave the air a temperature around minus 15°C. (Picture: private). 

3.6.6 The CLE score 

The CLE score was given according to the CLE scoring system described by Maat et 

al.24 The scoring system contains four sub-groups and a sum score (illustrated in table 

4). Each subgroup was graded from zero to three at glottic and supraglottic level at 

moderate and maximal effort. A patient was to be diagnosed with EILO if having a CLE 

score Ó two on at least one of the subgroups. 

Table 4. Table showing the different subgroups in a CLE score. 

 Glottic Supraglottic 

Moderate effort (starts to run) Subgroup A Subgroup B 

Maximal effort (aborts the test) Subgroup C Subgroup D 

CLE sum score E 
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The CLE scores were set by an experienced and independent scorer evaluating the 

tests after the CLE test. When in doubt, another independent scorer was consulted 

to decide the score. Figure 12 shows the complete scoring system. 

 

Figure 12 The CLE-scoring system. Obtained from Maat et al.,24 approved for use by the authors. CLE 
score going from zero (maximal opening) to three (full closure) on each subgroup. The CLE-score is 
graded at moderate (A, B) and maximal (C, D) effort, at glottic (A,C) and supraglottic (B, D) level. The 
score A-D is summed up to a sum score (E).  

3.7 Outcome variables 

The primary outcome in this project was the CLE score, and the secondary outcomes 

were test duration, lung function, heart rate, and Borg Scale. 

CLE score and heart rate was obtained during the CLE tests and therefore evaluated 

at moderate and maximal effort. However, if the patients reached moderate and 

maximal effort at a different time during the two CLE tests, results from the tests 
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were also compared at an identical workload. The identical workload was defined as 

the points in time a patient first reached moderate and maximal effort when looking 

at both the CLE tests. The point in time a patient first reached moderate and 

maximal effort when looking at both the CLE tests were thereby used to collect and 

analyze CLE score and heart rate at the same two points in time for both tests.   

3.8 Analysis 

All statistical analyses in this thesis were done in Stata/SE (College Staio, TX: 

StataCorp LLC. StataCorp. 2019) Version 17.0 for Windows. Paired T-tests, and 

Wilcoxon matched pairs signed rank test was used. A two-sided hypothesis test was 

performed, and a P-value below 0.05 was considered statistically significant. The 

dependent variables, the effect variables 51, were CLE score, test duration, lung 

function, heart rate, and Borg scale (CR10). The independent variables, the causal 

variable,51 were breathing room air and cold air.  

Data were reported as mean and range for background data, and mean and 95% 

confidence interval (CI) for the main results. The CLE score and Borg Scale was 

calculated and reported as mean, being more informative than medians and 

interquartile ranges.  

3.9 Data collection  

All testing was performed at the heart-and lung-test laboratory at the Vitality Center 

for Children and Youth, Department of Pediatric and Adolescent Medicine, Haukeland 

University Hospital, Bergen, Norway. The laboratory has a controlled environment with 

a temperature stabile around 20 to 22°C, and all equipment follows the guidelines for 

calibration and maintenance in collaboration with relevant partners. Patients were to 

be tested on the same time and day one week after the first visit. 

3.10 Ethics 

Regional Committees for Medical and Health Research Ethics (REK) were approved 

prior to this project, with project number REK 109946, and informed written consent 

was obtained from the patients. The project complied with the Declaration of Helsinki, 

the International Conference on Harmonization/Good Clinical Practice guidelines, and 

applicable regulatory requirements. The patients could withdraw their consent at any 

time. All data gathered digitally was saved on the hospitalôs servers and questionnaires 
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and other relevant data written down was safely stored in a folder kept in a looked 

cabinet in the hospital, as describes by the REK approval. 

 

 

4. Results  

The main results and results not highlighted in the article are described in this 

section.  

4.1 Demographic data 

Nine patients were included, whereas eight were females. Two patients had three 

weeks between test one and two and one patient had three days between, the rest 

follow the protocol of same time and day one week between tests. Five started with 

breathing cold air, and four with breathing room air. They are all physically active on a 

recreational level. Examples of mentioned recreational activities were strength 

training, running, soccer, and hiking. All expressed being physically active at the level 

they sweated at least once a week. Seven of the nine did so either 2-3 or 4-6 times a 

week. Three patients have reduced their activity level due to their exercise-induced 

dyspnea. Two would have been more physically active if not having these issues, while 

three are uncertain. Background data are described in table 5. 

Table 5 Background data gathered from the included patients 

Variable Mean (Range) 

Age (years) 29.8 (21-38) 

Height (cm) 171 (162-182 

BMI 27 (21.1-35.2) 

Gender (female/men) 8/1 

VO2 (mL/min/kg) 39.5 (27.7-48.3) 

VO2 predicted (%) 99.7 (73-127) 

Type of activities, n  

Strength training 7 

Indoor bandy 1 

Running/jogging 4 

Swimming 1 

Yoga 1 

Biking 1 

Hiking 2 

Soccer 2 

BMI = body mass index. 
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4.2 Results from the CLE test 

No difference in CLE score was found between breathing cold and room air. A 

significantly shorter test duration while breathing cold air compared to room air was 

found, with a mean difference of 15 seconds (00:28-00:02 (95%CI). Seven of the nine 

patients ran longer while breathing room air. However, two patients ran five and three 

seconds longer when breathing cold air. Two patients had incomplete heart rate data, 

having to exclude them from the respected variables in the analysis. Results from the 

CLE tests are shown in table 6. 

Table 6. Results from the CLE-test 

Variable Effort Room 

air 

Mean 

(SD) 

Cold air 

Mean 

Mean 

difference 

(95% CI) 

Paired 

t-test  

 

Signed 

rank 

test 

Test dur. 

(min) (n=9) 

Moderate  08:07 

(00:54) 

07:54 

(00:52) 

-00:13             

(-00:06-00:32) 

0.155 0.317 

Test dur. 

(min) (n=9) 

Maximal 

 

10:19 

(01:27) 

09:56 

(01:23) 

-00:15   

(00:28-00:02) 

0.030* 0.038* 

Heart rate 

(bpm) (n=7) 

Moderate 

 

157.3 

(19.2) 

154.4 

(7.5) 

-2.9  

(-9.6-3.8) 

0.337 0.500 

Heart rate 

(bpm) (n=8) 

Maximal 

 

180,4 

(9.1) 

179,6 

(6.9) 

-0.8  

(-3.4-1.9) 

0.528 0.480 

Borg Scale 

(n=9) 

Maximal 

 

8,1 

(1.7) 

8 

(1.4) 

-0.1  

(-1.1-0.8) 

0.763 0.827 

Glottic Moderate 0 0 0 1.000 1.000 

Supraglottic Moderate 0.9 (0.8) 1.1 (0.6) 0.2 (-0.1-0.6) 0.170 0.157 

Glottic Maximal 1.3 (1.0) 1.1 (1.1) -0.2 (-0.6 ï0.1) 0.170 0.157 

Supraglottic Maximal 1.7 (0.5) 1.7 (0.5) 0 (-0.4-0.4) 1.000 1.000 

CLE sum 

score (n=9) 

 4 (1.1) 3.9 (1.1) -0.1 (-0.7ï0.5) 0.681 0.655 

The scoring system contains four sub-groups, each graded from zero to three at glottic and 
supraglottic level, graded at moderate and maximal effort. A higher score indicated more laryngeal 
closure. CLE score = Continuous laryngoscopy exercise score. bpm = beats per minute. SD = 
Standard deviation. * = p-value <0.05 was considered statistically significant. SD = Standard 
deviation. CI = Confidence interval. Dur. = duration. 
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The mean difference in test duration was 13 seconds at moderate effort, and 15 

seconds at maximal effort, in favor of breathing room air (Illustrated in figure 13). Below 

the figure are results from the CLE tests when compared at identical workload.  

 

Figure 13. Illustration to schematically illustrate when the patients reached moderate and maximal effort 
while breathing room and cold air. * Indicates a statistical significance with a p-value <0.05.  

 

When comparing breathing cold air versus room air at identical workload at moderate 

effort, patients had significantly more laryngeal closure on supraglottic level, 0.6 (0.2-

1) (mean difference (95%CI)). No significant difference in the CLE sum score was 

found (see table 7). 

 

 

 

 

 

 

 












































































































