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Summary. Background and aims: Exercise-induced inspiratory symptoms (EIIS) have multiple

causes, one of which is exercise-induced laryngeal obstruction (EILO). There is limited knowledge

regardingEIIS in children, both in primary care practices and in pediatric asthma clinics. The aimof

this study was to describe the feasibility of a diagnostic methodology and its results in a cohort of

children with EIIS referred to our tertiary pediatric pulmonary center. Methods: This study

analyzed consecutively collected data in children from East Denmark and Greater Copenhagen

referred during a 31/2 years period. The continuous laryngoscopy exercise (CLE) test directly

visualizes the larynx using a flexible laryngoscope during a maximal exercise test. A post-test

questionnaire evaluated the subjective impact of the examination. Results: The study included 60

children (37 girls/23 boys) with amean age of 14 years (range 9–18). The feasibility of theCLE test

was 98%; 18 children (35%) had EILO, while 33 children (61%) showed no abnormalities. Other

laryngeal abnormalities were observed in three children before the exercise test. Asthma

medication was successfully discontinued in 13 (72%) children with EILO. A significantly greater

proportion of children shown to have EILO in the CLE test reported coping better with their EIIS

than children with negative test (85% vs. 45%; P¼0.03). Conclusions: Continuous laryngoscopy

during exercise is feasible and useful for identifying childrenwith EILO. A correct diagnosis of EILO

can help relieve patient anxiety, improve their coping with symptoms, and prevent unnecessary

long-termandpotentially harmful asthma treatments involving high-dose inhaled steroids.Pediatr

Pulmonol. 2016;51:1200–1205. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Respiratory symptoms during physical activity are
common in children and adolescents, and the symptoms
are frequently considered to be related to exercise-
induced asthma (EIA). However, in some cases the
standardized exercise test for EIA is negative, or asthma
medication has no impact on patient- or parent-reported
symptoms. A detailed history might suggest that the
individual has exercise-induced inspiratory symptoms
(EIIS); this topic was extensively reviewed recently by
Røksund et al.1 Primary care physicians and pediatricians
often confuse EIIS in children with asthma, and there can
be co-morbidity with different conditions, including
asthma1; thus, many children receive unnecessary asthma
treatment. Although EIIS involves a common spectrum of
symptoms, it can be caused by several conditions, and
currently the important overlap between pediatric
pulmonology and otorhinolaryngology (ENT) can delay
a correct diagnosis. One of the possible underlying
conditions, exercise-induced laryngeal obstruction
(EILO), can be observed using continuous laryngoscopy
visualization. The definitions used for EILO have been

confusing in the past, so an international task force
focusing on inducible laryngeal obstructions was recently
created to determine consensus definitions and nomen-
clature.2 EILO is considered to be caused either by a
glottic obstruction in which an inappropriate adduction of
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the vocal cords results in sudden obstruction, that is, vocal
cord dysfunction (VCD); or by a supraglottic abnormality
in which the collapse of the arytenoid regions during
inspiration, that is, exercise-induced laryngomalcia
(EIL), can be documented or a combination of both.2

Due to turbulent airflow, stridor will occur, and dyspnea
arises or even progresses to panic reactions in addition to a
general feeling of discomfort that is localized to the
throat.
It is sometimes possible to use a detailed history to

identify EILO, but previous attempts to use baseline flow-
volume curves based on spirometry data to diagnose
EILO in adolescents have not been successful.3 Hence,
the gold standard for an EILO diagnosis is the continuous
laryngoscopy exercise (CLE) test in which the laryngeal
region is visualized using a flexible video laryngoscope
during exercise at maximum effort.4 The CLE test is
considered to be both time-consuming and demanding
because it involves somewhat complex equipment
and procedures and because it might not be feasible in
children.
The aim of this study was to describe the feasibility and

the results of conducting the CLE test in a group of
children who were consecutively referred to a tertiary
pediatric pulmonary center due to unexplained respiratory
complaints during heavy exercise. Here we describe the
clinical features, diagnostic conclusions, and interven-
tions and the results of a follow-up questionnaire.

MATERIALS AND METHODS

This study analyzed consecutively collected data in
children from East Denmark and Greater Copenhagen
referred with EIIS from May 2011 to December 2015.
The background population with age between 7 and
18 years in this region was approximately 3,35,000
children and adolescents (Statistics Denmark 2016).
Prior to CLE-test, information about symptoms,
inducers/triggers and sports activity, current asthma
treatment, the results of previous EIA tests, and asthma
workup results were obtained in addition to the hospital
files or reports from the referring physicians.
The CLE test was performed according to the method

originally described in detail by Heimdal et al.4 and
subsequently implemented in Denmark by Christensen
et al.5 The CLE test consists of continuous visualization
of the laryngeal structures using a flexible laryngoscope,
while the subject is exercising at maximum effort by
running on a treadmill. We do not use simultaneously
audio recording of the breathing sounds during the test
and use nomouthpiecewith pneumotach during the test to
obtain visible tidal-volume curves. Normal mouth
breathing was allowed. The workload was adjusted to
a maximum intensity (Borg scale <8 and maximum
heart rate >190 bpm) until exhaustion or until obvious

symptoms and/or an abnormality in the laryngeal region
was observed. In case of concurrent asthma or a suspicion
of such, a dose of beta-2 agonist was administered before
the test to prevent or diminish any symptoms due to lower
airway obstruction.
A positive EILO test was defined as visible mild,

moderate to severe obstruction (score 1–3) in the glottic
and/or supraglottic regions according to description by
Maat et al.6 in combination with the patient reporting
sensations of “throat obstruction” or their usual individual
complaint and/or obvious objective symptoms of upper
airway obstruction such as stridor, clutching at the throat,
and the appearance of respiratory troubles. Negative tests
were defined as no visible obstruction or objective
symptoms or only mild (score¼ 1) visible obstruction,
but without reporting any subjective complains.
CLE tests were digitally recorded in case post-hoc

evaluation was necessary. The same physician (FB) plus
an assistant (LDP or MB) performed all of the CLE tests.
Spirometry was performed using Jaeger Master Screen

Pro (CareFusion, Hochberg, Germany) according to
ATS/ERS recommendations7 using Growing Lung8

as reference and presented in z-scores.
At least 3 months after the CLE test, all children

completed a written questionnaire regarding their current
respiratory status during physical activity. The entire
questionnaire is available as online supplementary
material (S-Text 1).
According to Danish law, approval from Institutional

Review Board or Ethic committee for the present study is
not required as only routine standard clinical data was
collected and not primarily collected for this study.

RESULTS

Over the course of 42 months, 60 children (37 girls/23
boys) with amean age of 14 years (range 9–18 years) were
referred to our tertiary pulmonary center from other
asthma clinics. Of these, five children did not show up for
unknown reasons, and one child, a 13-year-old boy,
refused to allow the introduction of the fiberscope
though his nostril. Thus, 54 children were eligible for
participation in the CLE test (Fig. 1).
The main reasons for referral were EIIS refractory to

treatment with asthma medication and/or a previous
negative asthma workup (n¼ 47; 85%). Constriction in
the throat and chest (n¼ 52; 95%) were the most
frequently reported symptoms. Two children reported
episodes with near-syncope, dizziness, or pale skin. All
children reported that they were reluctant to perform or
had difficulties performing intense physical activity
because of their symptoms, although 70% reported that
they participated in sports at the elite level. Approxi-
mately 50% received asthma medication on the day of the
CLE test (beta 2-agonists as needed and/or inhaled
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corticosteroids), despite a negative asthma history or
negative asthma diagnosis. Asthma co-morbidity and
EILO were suspected in 13% of the cases.
The baseline lung function of the cohort was normal,

with a mean z-score (SD) FEV1¼ 0.11 (1.03);
FVC¼ 0.20 (0.98); FEV1/FVC¼�0.24 (0.76), and
FEF25–75¼�0.25 (0.95). The mean BMI (SD) was
19.9 (2.6). Arrangement and mounting of CLE test
equipment was conducted with success and without
complains in 54 of the 55 available children and thus
exhibiting a feasibility of 98%. The CLE test was
completed in 51 children while, due to obvious finding of
other ENT abnormalities responsible for their symptoms,
not in the remaining three children. No adverse events or
complications were observed.
Glottic (n¼ 2: severe¼ 2), supraglottic (n¼ 11:

mild¼ 3; moderate¼ 6; severe¼ 2), or combined
(n¼ 5: mild¼ 1; severe¼ 4) obstruction of the upper
airway during maximal exercise was observed in 18
children (35%), whereas no abnormalities were observed
in 33 children (61%) (on-line Fig. S1–3). All children
with positive CLE tests exhibited rapid (almost immedi-
ate) resolution of their symptoms after they stopped
exercising during the CLE test. In five children, the results
were inconclusive as there was no obvious objective
laryngeal obstruction or stridor despite complaints of
subjective symptoms; thus, these tests were not only
inconclusive but could be considered negative results. In

the remaining three children, other previously unknown
abnormalities were observed when they were at rest
before initiation of the exercise test: one child had
recurrent laryngeal nerve paralysis, one child had a severe
laryngomalacia, and one child had a subglottic stenosis.
There was a trend towards an increasing referral rate

over time from local pediatric departments for suspected
EILO that varied from around 5–10 children per year from
2011 to 2012 to 22 children in 2015, although the relative
number of cases with positive CLE tests did not change
significantly over time (data not shown).
Combined EILO and asthma was documented in only

two children, whereas classic EIA without EILO was
documented in one child who showed exercise-induced
airway obstruction, cough, and decreased FEV1>12%; in
addition, beta-2 agonists substantially reversed the
symptoms, and therewas no sign of laryngeal obstruction.
No significant differences were found between positive

and negative results according to sex, baseline lung
function, BMI, or the use of asthma medication (Table 1).
The children and their parents were informed about the
results of the CLE test. Asthma medication was
discontinued in the 13 cases with positive signs of
EILO (72%). In six children, an ENT visit was scheduled
to obtain a standard ENTevaluation and an evaluation for
surgical intervention, and a surgical intervention was
performed (arytenoidectomia) in one child with good
results. In the remaining children, information about
appropriate training programs and controlled respiration
were provided.
Follow-up questionnaires were received from 86% of

the cohort. After receiving the results of the CLE test and
other related information, a significantly larger proportion
of childrenwith positive test results reported coping better
with symptoms during exercise or reported that they no
longer had symptoms compared to the group with
negative test results (85% vs. 45% P¼ 0.03). A majority
of the cohort (70%) found that in terms of comfort, the test
was fairly or completely acceptable, and 86% would
recommend that friends undergo a similar CLE test if
appropriate. The results of the questionnaire are presented
in Table S-1 (online Supplementary material).

DISCUSSION

Here, we report a cohort of Danish school children who
were referred by their pediatrician or pulmonary/asthma
specialist to our tertiary pulmonary pediatric department.
Difficulty breathing during exercise was the primary
reason for referral. The CLE test is unique in terms of
documenting EILO, and we found high feasibility,
acceptability, and yield in this age group. EILO was
documented in 35% of the subjects in this highly selected
group of children. This is an important finding, as asthma
medication was inappropriate for these subjects and could

Fig. 1. Patient flowchart.
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be discontinued in three out of four patients with EILO
without worsening of their symptoms. Most children with
EILO were very relieved when they were told that they
had a harmless condition, and a large proportion reported
that they had learned to cope with their EILO symptoms
after they underwent CLE testing.
The exact prevalence of EILO is not known. In previous

reports from tertiary centers, the proportion of positive
cases was as high as 75%,9,10 while the estimated
prevalence of EILO in young people 14–24 years old was
approximately 7.5% in a Danish study5 and 5.7% in
Swedish adolescents.11 These numbers are uncertain;
however, as laryngeal abnormalities may not give rise to
any symptoms if the children only participate in low
exertion exercise activities. Hence, children with EILO
and a sedentary lifestyle may not have any symptoms of
upper airway obstruction. The proportion of CLE-positive
cases in this study was 35%. The yield of the CLE test is
highly dependent on previous pulmonary work-up by the
referring department. Intensive work-up prior CLE test
may increase the yield and vice versa in amore unselected
cohort with all kind of respiratory symptoms during
exercise.
Previous studies have shown a higher prevalence of

EILO in females, with a female/male ratio as high as
3:1.5,12,13 We, too, observed a female predominance; this
was statistically non-significant, possibly because of our
relatively small cohort. In terms of the clinical presenta-
tion, it is interesting and important to note that all of the
referred children complained of the same spectrum of
symptoms of upper airway obstruction during exercise,
although a considerable proportion did not show any
objective abnormalities during the CLE test. Hence,

symptom description does not necessarily predict abnor-
mal findings in the airway, highlighting the complexity of
these symptoms and conditions. Importantly, detailed
questions about inspiratory and expiratory symptoms are
key for identifying symptoms that might suggest airway
obstruction and for discriminating between EILO and
EIA.1 EIA almost always evolves slowly during the
first 3–15min after exercise termination, and it mainly
involves the expiratory part of the respiratory cycle.14 In
contrast, EILO occurs at the peak of exercise intensity1

and, as we reported here, disappears almost immediately
after exercise is stopped. We found that participation in
sports that demanded a high level of physical activity
frequently caused the symptoms, and therewas a trend for
participation in elite level sports among the patients. In
children, exertion alone can induce some uncomfortable
symptoms that have no relation to EILO, asthma, or to
other obvious airway disease. This emphasizes the
importance of performing the CLE test. All of the
included children demonstrated normal spirometry results
before the test, and baseline flow volume curves did not
predict EILO, which is in line with the fact that there is
no evidence to suggest that EILO can be confirmed
or rejected by a resting or post-exercise pulmonary
function test.3

Interpretation of the CLE test was sometimes
difficult, as many children presented with a slightly
supraglottic anteromedial motion during peak intensity.
If this motion was limited or mild and if no symptoms
arose, we regarded this as normal, which has also
been proposed by others.10 We confirmed that supra-
glottic abnormalities were the primary findings, and the
combination of both supra- and infra-glottic obstruction
was a secondary finding. This is in accordance with the
theory that EILO actually begins within the supraglottic
structures and that VCD is a secondary phenomenon1

that might be seen in a larger proportion of children if
the test is continued. In some children, the test was
inconclusive, which again underlines the complexity of
these cases. It is possible that some external triggers
may not be present in the laboratory setting, as laryngeal
obstructions can be induced by other triggers as well.2 It
is also possible that some children were not familiar
with the use of a treadmill and did not achieve peak
exertion intensity.
Some investigators have tried to validate a way to

standardize the degree of obstruction by implementing the
EILOMEA score,15,16 but we did not use this score
because of its complex nature and the current lack of
validation for its use for clinical purposes. The proposed
scoring system of laryngeal obstruction by Matt et al.6

seemed more useful. However, there is certainly a need
for standardization and agreement in this field and
therefore, we decided only to use a dichotomized simple
outcome (positive or negative) in this study.

TABLE 1—Baseline Patient Characteristics

Negative or inconclusive

for EILO

Positive for

EILO

n 33 18

Age in years 14.3 (2.2) 13.4 (2.0)

Sex (female/male) 57.5/42.5% 61.1/39.9%

Height (cm) 165.1 (10.5) 154.0 (31.9)

Weight (kg) 55.8 (10.9) 56.0 (25.6)

BMI 20.3 (2.8) 19.0 (2.1)

FEV1 (z-score) 0.03 (1.06) 0.29 (0.97)

FVC (z-score) 0.21 (1.05) 0.19 (0.85)

FEV1/FVC (z-score) �0.36 (0.79) 0.06 (0.58)

FEF25–75 (z-score) �0.35 (1.01) �0.02 (0.74)

Active participation in

sports

73% 78%

Asthma medication 51% 61%

BMI, Body Mass Index; FEV1, Forced Expiratory Volume in 1 sec;

FVC, Forced Ventilatory Capacity; FEF25–75, Forced Expiratory Flow

over the middle one half of the FVC.

Data are reported as mean (standard deviation) unless otherwise

indicated.
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Referral for EIIS is often due to a negative
asthma workup, as EIA might be expected to be more
frequent than EIIS/EILO. However, several studies5,13,17

have documented asthma and EILO comorbidity in
some patients, although this was quite rare in our cohort.
In one patient, there was obvious airway obstruction after
the CLE test, and EIA was confirmed despite a previous
normal finding in an EIA test. We think that the increased
exercise intensity level in the CLE test might have
triggered the documented bronchospasm, but this finding
emphasizes the variability of EIA presentation, which is
commonly acknowledged.18 In addition, children with
positive EIA test results might not be referred for a CLE
test if co-morbidity with EILO is not suspected by the
physician, that is, if the symptoms are interpreted simply
as uncontrolled/undertreated EIA.
When EILO is confirmed and asthma is excluded, the

use of unnecessary asthma medication can be stopped.
Since in this study, most of the patients participated in
sports at the elite level, discontinuing the medication
means that doping issues related to beta-2 agonists
could be avoided. Secondly, the side effects of inhaled
corticosteroids, such as growth retardation, hoarseness,
and mycosis, are important issues,19 as there is a risk of
high-dose administration in these children because of
“intractable asthma.” Hence, in this cohort it was actually
possible to discontinue asthma treatment in a significant
proportion of the participants. This is a very important
reason to conduct the CLE test, which has often been
dismissed as being too time consuming and possibly
unnecessary, as EILO can be diagnosed by a negative
asthma workup and characteristic symptoms. However,
EILO is far more complex than previously thought.
Indeed, EIIS is an umbrella term used for a group of
common symptoms in a heterogeneous population of
children that may have become reluctant to perform
physical activity. Indeed, in some children, no abnormali-
ties can be documented, despite clear subjective
symptoms. In this study, we diagnosed abnormalities in
the upper airway in some children when they were at rest,
which is why we now recommend performing a routine
ENT examination before performing the CLE test. This
could avoid subjecting some children to CLE tests, and it
is important to detect tumors or other extra-laryngeal
obstructions before CLE testing.
A correct diagnosis of EILO is important for

understanding the underlying symptoms, although the
evidence for treatment is quite limited, as no randomized
controlled studies have been conducted on therapy for
exercise-related conditions such as EILO. The underlying
pathology of EILO is heterogeneous, which is why clear
definitions are needed. In classic EILO, the main
treatments that have been proposed include psychother-
apy, speech therapy, inspiratory muscle training, and lung
physiotherapy, and these have been used with good

results.1 However, previous studies have often been
biased due to the use of different methods, cohort
selection, or a lack of placebo. In our cohort, we explained
the benign nature of EILO to the patients and provided
information about proper breathing techniques, and this
helped the children reduce their symptoms in many cases.
Surgery was performed in only one severe case with

total supra-arytenoid collapse, and the result was
satisfactory. The positive effects of surgical treatment
have been reported previously,10,12,20,21 although the
criteria for eligibility for surgery are not clear. Both
objective and subjective parameters should be evaluated
and taken into account. Although doctor-diagnosed
mental instability might be suspected in some cases, this
is not accepted as a basic and causative reason for the
symptoms. Some overlying psychological distress
cannot be ruled out, but this is thought to be related
to the panic stemming from the very distressful episodes
of acute respiratory obstruction that these children
experience.
It has been proposed that some patients may

experience relief as they grow older, as the laryngeal
structure becomes tighter with age.1 This observation is
hampered by the fact that people tend to become more
sedentary with age, so long-term follow up studies
are needed.

Strengths and Limitations

Our cohort represents a common pediatric population
that was referred from general pediatric outpatient clinics.
Our results are important to all physicians, including
general practitioners who treat children for respiratory
problems, especially asthma. Our study did not include
highly specialized ENT cases or subjects with known
malformations in the upper airways. We cannot provide
any information about prevalence as another adult clinic
in our region may test adolescents; however, although our
cohort is small, it is our impression that EILO is
underestimated. Most importantly, many children who
do not really have asthma may be using asthma
medication. A disadvantage of the CLE test is that it is
somewhat subjective; to minimize this, all tests were
performed by the same team, which was trained by an
experienced professional. This helps decrease intra-
observer variability. Cases that were unclear cases could
be re-evaluated using the recorded videos of the upper
airway.
Since our cohort included younger children, our

findings might be biased by premature cessation of
exercise or by unfamiliarity with exercise on a treadmill.
However, we monitored heart rate and dyspnea using
the Borg scale, and most of the children were highly
motivated; thus, we are convinced that the children
performed the maximum exercise test correctly.
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CONCLUSIONS

In conclusion, it is feasible to use the CLE test in
school-age children. This method was used to identify
children with EILO in a representative pediatric popula-
tion, who were referred because of exercise-related
respiratory symptoms. In cases with exercise-induced
symptoms combined with a negative pulmonary workup
and ENT examination, the CLE test should be performed
to confirm or disprove EILO. A correct diagnosis can
relieve patients’ anxiety, improve how they cope with
symptoms, and prevent unnecessary long-term asthma
treatment. Further studies regarding interventional treat-
ment and standardized objective evaluation in EILO are
urgently needed.
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Table E-1. Results of the follow-up questionnaire

All

n = 44

Positive for EILO

n = 13

Negative for EILO

n = 31

Question 1

a.

b.

c.

d.

16%

18%

36%

30%

23%

15%

31%

31%

15%

15%

39%

31%

Question 2

a.

b.

14%

86%

0%

100%

23%

77%

Question 3

a.

b.

c.

d.

2%

70%

23%

5%

0%

61%

24%

15%

0%

77%

23%

0%

Question 4

a.

b.

c.

d.

43%

36%

11%

10%

24%

53%

15%

8%

50%

30%

8%

12%

Question 5



a.

b.

c.

d.

32%

46%

11%

11%

8%

69%

15%

8%

39%

35%

11%

15%

Question 6

a.

b.

c.

d.

18%

55%

16%

11%

23%

61%

8%

8%

19%

50%

23%

8%



E-text 1: Follow-up questionnaire

1. Overall, how would you describe the comfort level associated with undergoing the CLE test?

a. Very uncomfortable

b. Slightly uncomfortable

c. Fairly acceptable

d. Fully acceptable

2. Would you recommend that others who are your age undergo a CLE test?

a. No, never

b. Yes, absolutely

3. Did your chest/throat symptoms during exercise change after you underwent the CLE test?

a. My symptoms have become worse

b. My symptoms are unchanged

c. My symptoms have improved

d. I no longer have any symptoms

4. Did the CLE test result make any difference in how you cope with your symptoms during

exercise?

a. No not at all

b. Yes, now I can control my symptoms better

c. Yes, because I no longer have symptoms

d. I do not know because I do not perform the same type or intensity of sport/physical activity



5. Did the information you received along with the CLE test make any difference in how you cope

with your symptoms during exercise?

a. No, not at all

b. Yes, now I can control my symptoms better

c. Yes, because I currently have no symptoms

d. I do not know, because I do not perform the same type or intensity of sport/physical activity

6. Do you perform the same sport/physical activity as before undergoing the CLE test?

a. No, I stopped performing that sport/physical activity

b. Yes, I perform the same sport/physical activity

c. Yes, but I perform it at a lower activity level

d. Yes, I have resumed the sport/physical activity after the test
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