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ABSTRACT
Introduction Patients with obstructive sleep apnoea 
hypopnoea syndrome (OSA) might have varying degrees of 
laryngopharyngeal mechanical hyposensitivity that might 
impair the brain’s capacity to prevent airway collapse 
during sleep. However, this knowledge about sensory 
compromises in OSA comes from studies performed 
using methods with little evidence of their validity. Hence, 
the purpose of this study is to assess the reliability and 
accuracy of the measurement of laryngopharyngeal 
mechanosensitivity in patients with OSA using a recently 
developed laryngopharyngeal endoscopic esthesiometer 
and rangefinder (LPEER).
Methods and analysis The study will be prospective and 
double blinded, with a randomised crossover assignment 
of raters performing the sensory tests. Subjects will be 
recruited from patients with suspected OSA referred for 
baseline polysomnography to a university hospital sleep 
laboratory. Intra-rater and inter-rater reliability will be 
evaluated using the Bland–Altman’s limits of agreement 
plot, the intraclass correlation coefficient, and the Pearson 
or Spearman correlation coefficient, depending on the 
distribution of the variables. Diagnostic accuracy will be 
evaluated plotting ROC curves using standard baseline 
polysomnography as a reference. The sensory threshold 
values   for patients with mild, moderate and severe OSA 
will be determined and compared using ANOVA or the 
Kruskal–Wallis test, depending on the distribution of the 
variables. The LPEER could be a new tool for evaluating 
and monitoring laryngopharyngeal sensory impairment in 
patients with OSA. If it is shown to be valid, it could help 
to increase our understanding of the pathophysiological 
mechanisms of this condition and potentially help in 
finding new therapeutic interventions for OSA.

Ethics and dissemination The protocol has been 
approved by the Institutional Review Board of Fundacion 
Neumologica Colombiana. The results will be disseminated 
through conference presentations and peer-reviewed 
publication.
Trial registration This trial was registered at 
Clinical Trials Accuracy of the sensory test using the 
lLaryngopharyngeal endoscopic esthesiometer in 
obstructive sleep apnea. Protocol ID: 201611-22405.  
ClinicalTrials. gov ID: NCT03109171.
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Strengths and limitations of this study

 ► We will include various degrees of rater experience 
and different degrees of obstructive sleep apnoea 
severity (OSA) to reflect most clinical scenarios in 
which the test will be performed.

 ► Patients with OSA will be recruited from patients 
suspected to have the condition to reflect patients in 
which the test may be indicated.

 ► Sensory thresholds will be explored using air pulses 
of 10 different intensities (discrete variable), 
covering the full range of pressures necessary to 
explore such thresholds, which might decrease the 
statistical power.

 ► We do not have information about the SD of some 
sensory thresholds in OSA to calculate the sample 
size because mechanosensory thresholds like the 
cough and gag reflex thresholds have never been 
explored in OSA.

 ► Mechano-sensitivity measurements could help 
to better characterise OSA and to explore new 
therapeutic horizons for this condition.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-015235 on 21 A

ugust 2017. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2016-015235
http://dx.doi.org/10.1136/bmjopen-2016-015235
http://crossmark.crossref.org
http://bmjopen.bmj.com/


2 Giraldo-Cadavid LF, et al. BMJ Open 2017;7:e015235. doi:10.1136/bmjopen-2016-015235

Open Access 

InTRoduCTIon
Laryngopharyngeal mechanical sensitivity plays an 
important role in the regulation of various functions of the 
upper respiratory tract, including phonation, breathing, 
swallowing and protecting the lower respiratory tract 
from the entry of foreign materials.1 Each one of these 
functions requires varying degrees of opening or closing 
of the laryngopharyngeal tract, which is achieved through 
the participation of different muscle groups regulated by 
the central nervous system (CNS) using the information 
provided by the mechanoreceptors of this tract.1

Reports on the states of hyposensitivity or hyper-
sensitivity as pathophysiological mechanisms for the 
development of conditions associated with alterations in 
the function of the laryngopharyngeal tract are not rare. 
In obstructive sleep apnoea hypopnoea syndrome (OSA) 
and dysphagia, varying degrees of laryngopharyngeal 
hyposensitivity have been observed.2–4

OSA is a disorder for which the prevalence could reach 
10% of the population in developed countries, with 
significant cardiovascular, metabolic and neurocognitive 
effects.5 In OSA there is decreased laryngopharyngeal 
mechanosensitivity that may be related to a poor or 
delayed response to the airway collapse, which is charac-
teristic of this condition.2 A linear correlation between 
the degree of laryngopharyngeal hypoesthesia and the 
severity of OSA was found by Nguyen et al.2 This sensory 
compromise of laryngopharyngeal reflexes may also affect 
the protective function of such reflexes during swallowing 
to prevent the passage of food to the airway. Alterations 
in these mechanisms might increase the risk of dysphagia 
and bronchial aspiration, with the subsequent impact on 
pulmonary and infectious complications.6–8 The effects 
that OSA has on swallowing could be more dependent on 
sensory rather than motor functions; this is because no 
important compromise has been detected on motor force 
when evaluated through manometry.8

During sleep, the patient with OSA experiences repeated 
episodes of airway collapse in the pharynx, which can 
abruptly awaken the patient to restore patency.9 In this 
condition, neurosensory alterations in the oropharynx, 
velopharynx, hypopharynx and larynx have been 
detected.2 Patients with OSA have shown disturbances in 
the mechanoreceptors of the upper airway, possibly medi-
ated by recurrent trauma, hypoxia or inflammation.10

In recent years various factors that may be involved in the 
pathophysiology of airway collapse in patients with OSA 
have been studied.2 10 The pathophysiology of this neuro-
logical disorder is not clearly understood. Apparently, it 
is related to inflammatory and mechanical injuries at the 
oropharyngeal level secondary to airway traction as well as 
soft tissue trauma caused by low-frequency vibrations and 
snoring during sleep.8 10 These vibrations occur chron-
ically in OSA, which generates continuous and prolonged 
trauma in the oropharyngeal tissues, a situation that 
may lead to the loss of sensitivity, and secondarily to the 
decrease and loss of reflexes of the affected areas.8 10 In 
addition, episodes of deoxygenation and reoxygenation, 

which are characteristic of OSA, favour the release of free 
radicals and oxidative stress, which are mechanisms that 
would also be involved in the alterations of the airway 
sensitivity.9 The loss of reflexes and sensitivity leads to an 
increasing sensorimotor dysfunction that may favour the 
pharyngeal collapse and disruption of other pharyngeal 
functions, such as swallowing.7 11

In the study by Nguyen et al,2 a 120 Hz vibration stimula-
tion was applied to the tonsillar pillars level, velopharynx, 
soft palate and hypopharynx in healthy subjects and 
patients with OSA.2 The results showed a sensory impair-
ment at the velopharynx level and pharynx in patients 
with OSA compared with healthy controls.2 This study 
was able to document that the higher the sensory impair-
ment, the greater the severity of OSA.2 These findings are 
consistent with tests performed with the administration 
of topical anaesthesia in the laryngopharyngeal tract in 
healthy subjects, which showed an increase in pharyngeal 
resistance to the air passage during sleep, which favoured 
apnoea and hypopnoea, the increased frequency of 
obstructive episodes of the airway, and snoring.2 12 They 
are also consistent with studies that have documented 
disturbances in vibration and thermal sensation at 
the level of the upper airway in patients with OSA,10 
suggesting that these sensory disturbances play a role in 
the pathophysiology of this condition.

Recent studies have reported a direct relationship 
between snoring and impaired swallowing.6 7 Swallowing 
depends on adequate pharyngeal anatomical config-
uration, a correct pharyngeal muscle function, and a 
sensitivity preserved.6 7 It is believed that the prolonga-
tion of untreated OSA blocks the neuromuscular afferent 
stimulus of the upper airway and the central integration 
between the functions of swallowing and breathing.6 7 
In OSA, a loss of sensitivity in the upper airway can lead 
to an inappropriate reflex response, and a delayed swal-
lowing reflex.6

Despite being a condition with multiple complications, 
OSA has limited treatments. The adherent use of contin-
uous positive airway pressure (CPAP) has been shown to 
have beneficial effects preventing the airway’s collapse, 
with various effects on neurocognitive, metabolic and 
cardiovascular complications.5 13 CPAP adherence may be 
as low as 15% and could improve to 75% with increased 
practical support and encouragement,14 which is not 
unlike other chronic respiratory diseases. In chronic 
obstructive pulmonary disease, half of the patients stop 
their treatment with inhaled corticosteroids within 6 
months,15 and only 9% continue with fluticasone propi-
onate/salmeterol for more than 1 year.16 In difficult 
asthma, the adherence to inhaled or oral steroids is less 
than 50%.17 This adherence to CPAP may limit its effec-
tiveness to prevent OSA complications. Added to the 
struggle experienced by patients with CPAP, it highlights 
the need for alternative treatments. Surgical procedures 
related to OSA treatment have varying results with high 
mortality,13 and their effectiveness ranges anywhere from 
20% to 60%.13 A new device was developed that seeks 
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to treat OSA by stimulating the upper airway.13 Several 
studies have shown that stimulating the hypoglossal 
nerve with such a device generates increased airspace 
in the oropharynx and hypopharynx, which decreases 
obstruction.18 This device performs similar functions to a 
pacemaker, with a generator and an electrode that release 
an electrical stimulus synchronously with breathing.13 18

The findings on sensory impairment in OSA that were 
previously mentioned, which might affect the brain’s 
capacity to prevent airway collapse during sleep, suggest a 
new therapeutic horizon that has not yet been explored in 
OSA: the use of sensory recovery interventions based on 
the concepts of neuroplasticity that are the basis of neuro-
logical rehabilitation.19–22 Neuroplasticity is the property 
of neurons (recently documented) to establish new 
connections and synapses, as well as strengthen existing 
connections when they are stimulated.19 20 The height-
ening in organised activity of a certain area of the brain 
leads the neurons to increase their number of dendrites, 
length and size, all of which creates an environment that 
improves communication between such neurons.19 20 
All of this strengthens synaptic connections, improving 
neuron efficiency and functional performance.19 20 23 
Because of this activity, the brain maps of the areas respon-
sible for controlling the functions of the body part under 
stimulation change.19 20 23 These discoveries have led to 
the development of effective therapeutic interventions to 
rehabilitate brain damage caused by stroke, trauma and 
other conditions.19–24 These new interventions include 
functional electrical stimulation, sensory electrical stim-
ulation, thermo-tactile stimulation and stimulation with 
flavours and chemicals, which have been applied to the 
rehabilitation of patients with motor and sensory impair-
ments of the laryngopharyngeal tract.19–24

Functional electrical stimulation consists of applying 
electrical current of sufficient magnitude to elicit 
muscle contractions in the muscle groups over which 
it is applied.21 22 In sensory electrical stimulation (also 
known as TENS), an electrical stimulation of lower inten-
sity is applied, usually 75% of that required to contract 
the muscle, to activate the somatosensory system without 
inducing muscle contraction.21 23–25 There is already prior 
knowledge on the effectiveness of such interventions 
in the sensory recovery of patients with oropharyngeal 
dysphagia.23 24 26 Further development and evaluation of 
these new therapeutic interventions in OSA will require 
an objective method to quantify the mechanical laryngo-
pharyngeal sensitivity.

The first device that explored the sensitivity of laryn-
gopharyngeal mechanoreceptors was created by Aviv.27 28 
Unfortunately, there were no favourable results in terms 
of inter-rater reliability.29 In subsequent studies, technical 
problems related to the pressure and duration of the 
pulses of air were corrected,30 but no additional factors 
affecting stimulus intensity were considered. Recently, 
Giraldo-Cadavid et al developed the LPEER, a device with 
which it was possible to accurately measure the threshold 
of the laryngeal adductor, cough, and gag reflexes.31–34 

The initial study was conducted in patients with oropha-
ryngeal dysphagia and high intra- and inter-rater reliability 
in these patients was found.31 33 The laryngopharyngeal 
endoscopic esthesiometer and rangefinder (LPEER), if 
shown to be valid in OSA, could be very useful to quan-
tify the laryngopharyngeal sensory alterations of these 
patients to better understand OSA pathophysiological 
mechanisms and evaluate new therapeutic interventions 
for this condition.

Statement of the problem and justification
While there are results showing a relationship between 
altered sensitivity in the airway and OSA, these results 
come from research with methods that have poor inter-
rater reliability, such as Aviv’s method.2 31 33 They can also 
have limited diagnostic validation studies for the laryn-
gopharyngeal tract as methods to measure the vibration 
and thermal sensitivity.11 35–38 Research studies on the 
relevance of laryngopharyngeal sensory impairment in 
OSA and the development of therapeutic interventions 
aimed to improve this impairment as primary or adjunc-
tive therapy for OSA are needed. Such studies will require 
reliable and valid methods to measure the laryngopharyn-
geal sensitivity and the protective reflexes of the airway11 
that can also be used in clinical practice.

The LPEER31–34 is a potential solution to the problem 
of the precise and accurate assessment of laryngopha-
ryngeal sensitivity. This device had high reliability when 
used for the exploration of laryngopharyngeal reflexes in 
patients with dysphagia.31 Therefore, it could be a new 
tool for evaluating and monitoring laryngopharyngeal 
sensory impairment in patients with OSA. However, the 
validity of sensory tests performed with this device has not 
yet been evaluated in patients with OSA; therefore, it’s 
intra-rater and inter-rater reliability and accuracy in this 
population are unknown.

The high reliability obtained for the laryngopharyngeal 
sensory test using the LPEER on patients with dysphagia 
31–34 cannot be generalised to patients with OSA, because 
these patients may have different reliability indexes. 
Any condition increasing or decreasing between-subject 
variance would affect the intraclass correlation coeffi-
cient (ICC) (which is the ratio of the between-subject 
variance over the total observed variance) of a clinical 
test. In other words, the reliability of a measure is tightly 
related to the population to which one wants to use the 
measure and it is not an independent property of the clin-
ical test.39–41 That is why it is highly recommended that 
reliability be calculated for each population and measure-
ment situation with potentially different between-patient 
variance, such as patients with different conditions.39–41 
Therefore, a study of the reliability of the LPEER for the 
sensory evaluation of the upper airway in OSA is needed.

The purpose of this study is to determine the intra-rater 
and inter-rater reliability and accuracy of the measure-
ment of mechanical laryngopharyngeal sensitivity in 
patients with OSA, using the LPEER developed by Giral-
do-Cadavid and co-workers.31–34
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Research question
What is the reliability and accuracy of laryngopharyngeal 
sensory testing performed using the LPEER in patients 
under suspicion of OSA?

Secondary research questions
What are the intra-rater and inter-rater Bland–Altman 
limits of agreement of the laryngopharyngeal sensory 
testing in a cohort of patients who were referred to base-
line polysomnography for suspicion of OSA?

What are the intra-rater and inter-rater ICCs of the 
laryngopharyngeal sensory testing in a cohort of patients 
referred to baseline polysomnography under suspicion of 
OSA?

What are the intra-rater and inter-rater correlations 
of the laryngopharyngeal sensory testing in a cohort of 
patients referred to baseline polysomnography for suspi-
cion of OSA?

What is the discriminative capacity of laryngopharyn-
geal sensory testing to detect severe OSA in a cohort of 
patients referred to baseline polysomnography under 
suspicion of OSA?

Is there any correlation between the severity of sensory 
compromise and the severity of OSA?

Main objective
The primary objective is to evaluate the reliability and 
accuracy of the laryngopharyngeal sensory testing 
performed using the LPEER in patients referred to base-
line polysomnography under suspicion of OSA.

Specific objectives
1. To determine the intra-rater and inter-rater Bland–

Altman limits of agreement of laryngopharyngeal 
sensory testing performed using the LPEER in 
patients referred to baseline polysomnography under 
suspicion of OSA.

2. To determine the intra-rater and inter-rater ICCs 
of laryngopharyngeal sensory testing performed 
using the LPEER in patients referred to baseline 
polysomnography under suspicion of OSA.

3. To calculate the intra-rater and inter-rater correlations 
of laryngopharyngeal sensory testing in a cohort of 
patients referred to baseline polysomnography under 
suspicion of OSA.

4. To establish the discriminative capacity of 
laryngopharyngeal sensory testing performed using 
the LPEER to detect patients with severe OSA using 
ROC curves and calculating the area under the ROC 
curve (AUC).

5. To investigate the presence of a correlation between 
the severity of laryngopharyngeal sensory impairment 
and the severity of OSA.

6. To calculate the mean/median thresholds 
for triggering the laryngopharyngeal reflexes and 
psychophysical sensitivity according to the severity 
of OSA and to compare them looking for significant 
differences between mild, moderate and severe OSA.

MeThods and analysis
Type of study
This study will be prospective and double blinded, with a 
randomised crossover assignment of raters to determine 
the reliability and accuracy of the laryngopharyngeal 
mechanosensitivity quantification using the LPEER in 
patients with suspected OSA referred for a baseline 
polysomnography in a sleep laboratory of a tertiary care 
university hospital.

Study setting
Tertiary Care University Hospital (Monocentre study) 
located at Bogota, Colombia.

Population
Target population: patients over 18 years old with 
suspected OSA.

Accessible population: patients over 18 years old 
referred to the sleep laboratory of a tertiary care univer-
sity hospital for baseline polysomnography for suspected 
OSA.

Eligible population: patients over 18 years old referred 
to the sleep laboratory of a tertiary care university hospital 
for a baseline polysomnography for suspected OSA, who 
meet the selection criteria and who agree to participate 
in the study.

Selection criteria
Inclusion criteria
Patients over 18 years old referred to the sleep laboratory 
of a tertiary care university hospital for a baseline poly-
somnography for suspected OSA.

Exclusion criteria
To enter the study the patient must not have fulfil any of 
the following criteria:
1. Anticoagulation (though not a contraindication 

for the endoscopic laryngopharyngeal sensory test, 
anticoagulation is an exclusion criteria for this study 
to keep it a minimal-risk study).

2. Bleeding diathesis.
3. Basal awake oxygen saturation by pulse oximetry 

below 88%.
4. Not agreeing to participate in the study.
5. Glasgow Coma Scale below 15 (to avoid confusion 

with involvement of laryngopharyngeal reflexes due 
to a neurological disease accompanied by a decreased 
level of consciousness).

6. Baseline polysomnography that does not meet the 
validity criteria to be interpreted (according to the 
American Academy of Sleep Medicine).

7. Baseline polysomnography performed more than 
15 days before the sensory testing. Ordinarily, the 
sensory testing will be performed on the same day or 
the day after baseline polysomnography.

8. More than 5% of total apnoea events being of central 
origin.

9. History of maxillofacial or pharyngeal surgery 
(to avoid confusion with the involvement of 
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Figure 1 Flowchart of the study.

laryngopharyngeal reflexes due to surgery in this 
region).

10. Laryngopharyngeal tract malignancies (to avoid 
confusion with the involvement of laryngopharyngeal 
reflexes due to tumours).

11. Central nervous system (CNS) surgery in the last 
3 months or that has left neurological sequelae 
(to avoid confusion with the involvement of 
laryngopharyngeal reflexes due to the sequelae of 
CNS surgery).

12. Traumatic brain injury in the last 3 months or more 
than 3 months with neurological sequelae.

13. History of active neuromuscular disease that affects 
the muscles of the head and neck or with sequelae 
present at the time of the sensory testing (to avoid 
confusion with the involvement of laryngopharyngeal 
reflexes due to neuromuscular disease).

14. History of cerebrovascular disease (to avoid confusion 
with dysphagia or sensory compromise secondary to 
cerebrovascular disease).

15. Diabetes (to avoid confusion with diabetic neuropathy 
that compromises the laryngopharyngeal region).

16. Chronic use of systemic corticosteroids at a dose 
greater than or equal to 20 mg per day of prednisone 

or equivalent (to avoid confusion with steroid 
myopathy that compromises the laryngopharyngeal 
region).

17. Upper respiratory tract infection within 15 days 
prior to testing (to avoid confusion with neuropathy 
associated with respiratory viral disease that 
compromises the laryngopharyngeal region).

18. Inability to cooperate during the examination (to 
avoid a measurement error caused by a lack of patient 
cooperation).

enrolment of subjects
The subjects will be consecutively selected from among 
those who have undergone a baseline polysomnography 
under suspicion of OSA (figure 1).

Patients who meet the inclusion criteria and do 
not have exclusion criteria will be interviewed after 
the baseline polysomnography, to explain the study, 
its objectives, the tests that will be performed, and to 
obtain their informed consent before they enter the 
study (figure 1). The clinical evaluation will include 
questions about the conditions associated with OSA, 
including cardiovascular diseases, metabolic diseases, 
chronic respiratory diseases and dysphagia.5–8 Subjects 
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will undergo a general physical exam including anthro-
pometric measurements.

Patients will undergo the laryngopharyngeal sensory 
testing on the same day of baseline polysomnography or 
will be selected for the sensory testing later, at a maximum 
of 15 days after polysomnography (figure 1).

Raters and sensory tests
The sensory testing will be performed according to 
the protocol published elsewhere42 and attached as an 
appendix to this document (see online supplementary 
appendix 1). The sensory measurements will include 
thresholds for the laryngeal adductor reflex, cough reflex 
and gag reflex, as well as psychophysical sensory thresh-
olds at the velopharynx and hypopharynx.

Subjects participating in the inter-rater reliability eval-
uation will be evaluated by two raters (an expert and a 
non-expert rater), each rater performing two measure-
ments of laryngopharyngeal sensitivity two times at each 
side (right and left) of the corresponding laryngopha-
ryngeal structure. All other subjects participating in the 
accuracy evaluation will be seen by only one expert rater 
who will perform three measurements of laryngopharyn-
geal sensitivity per subject. The varying degrees of rater 
experience aims to reproduce common scenarios when a 
new technique (like the measurement of laryngopharyn-
geal mechanosensitivity) is introduced to clinical practice. 
Raters may belong to one of the following groups:
1. Pulmonologist or otolaryngologist with experience 

in laryngopharyngeal sensory evaluation, who has 
completed more than 50 laryngopharyngeal sensory 
tests. He/she will be considered an expert rater.

2. Pulmonologist or otolaryngologist inexperienced 
in laryngopharyngeal sensory evaluation, who has 
completed a minimum of five and a maximum of 
50 laryngopharyngeal sensory tests. He/she will be 
considered a non-expert rater.

3. Pulmonologist fellow who has completed the training 
provided to a Pulmonologist Fellow in bronchoscopy 
and who has performed a minimum of five and a 
maximum of 50 laryngopharyngeal sensory tests. He/
she will be considered a non-expert rater.

The randomisation of the rater order will be gener-
ated by a computer, aiming to start sensory tests an equal 
number of times by an expert rater and non-expert rater 
to avoid bias induced by the order of examination. The 
two raters will perform the sensory tests sequentially and 
in a crossover design in each subject. The allocation 
sequence will be concealed using the SNOSE strategy 
(sequentially numbered opaque sealed envelopes). One 
of the authors (ARB), who does not have competing 
interests, will generate the allocation sequence and 
conceal it in envelopes. Before beginning the sensory 
testing an envelope containing the order of observers will 
be opened by the nurse assisting the procedure. Inside 
the envelope will be a paper stating who will be the first 
rater: the expert or the non-expert rater. While the first 

rater performs the sensory test the second rater will be in 
a different room for blinding purposes. There will be no 
communication about the testing results between the two 
raters or between the staff members who are helping the 
testing performance.

To mask the values   of sensory thresholds, air pulses will 
be identified by a random combination of three letters 
instead of the intensity corresponding to the air pulse. 
Raters will not know the intensity corresponding to each 
letter’s combinations. At the end of the test, an assistant 
will replace the letters corresponding to the threshold 
values   by the intensity of the air pulses (figure 1) in units 
of force (millinewtons: mN). Sensory test raters will be 
masked to polysomnography results and polysomnog-
raphy raters will be masked to sensory test results.

After the second rater finishes measuring, the subject 
will be asked about side effects presented during the 
test with questions specifically designed for this purpose 
(see online supplementary appendix 2). Adverse events 
(minor and serious) will be monitored during the trial. 
Any adverse events will be reported to the Institutional 
Review Board of Fundacion Neumologica Colombiana, 
which is independent from the investigator team and 
does not have competing interests. An adverse event 
is defined as an unwanted and harmful or potentially 
harmful outcome (eg, epistaxis, laryngospasm) while the 
subject is participating in the intervention, independently 
of whether the event is related or not related to the inter-
vention. The management of any adverse event will be 
covered by the principal investigator of the study. The 
study will be audited by the Institutional Review Board of 
Fundacion Neumologica Colombiana.

Statistical analysis
The data obtained will be written in an online form. 
Sensory thresholds will be registered by double typing, 
and access to the database will be secured by a password 
and limited to researchers. Subjects will be identified on 
the online database by a four-digit code. The principal 
investigator will be the only one with access to the infor-
mation linking this code with the identity information of 
the subjects.

A description of the general population will be made 
initially. Qualitative variables will be summarised in 
frequencies and percentages, and the quantitative 
variables, if the distribution is normal, will be given as 
averages ± SD. If distribution is asymmetrical, they will 
be summarised in medians and interquartile ranges. 
Hypothesis tests will be two -sided, with statistical signifi-
cance defined as having a p value of less than 0.05.

The intra-rater and inter-rater reliability will be assessed 
by the Bland–Altman limits of agreement plot and intra-
rater and inter-rater ICCs. Consistency will be evaluated 
by the Pearson or Spearman correlation coefficient, 
depending on the normal or non-normal distribution of 
variables.

The following criteria will be used to interpret the 
results of ICC:43 44
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1. ICC of 0.01 indicates ‘poor’ agreement.
2. ICC from 0.01 to 0.20 indicates ‘slight’ agreement.
3. ICC from 0.21 to 0.40 indicates ‘fair’ agreement.
4. ICC from 0.41 to 0.60 indicates ‘moderate’ agreement.
5. ICC from 0.61 to 0.80 indicates ‘substantial’ 

agreement.
6. ICC from 0.81 to 1.00 indicates ‘almost prefect’ 

agreement.

For the accuracy evaluation, the true threshold value for 
each reflex or psychophysical evaluation will be defined 
with the following criteria:
1. In subjects undergoing measurements by two raters 

the true threshold value will correspond to the median 
of all four measurements (including both raters’ 
measurements) performed at the corresponding side 
of each subject.

2. In subjects undergoing measurements by only one 
rater the true threshold value will correspond to the 
median of all three measurements performed at the 
corresponding side of each subject.

The correlation between the sensory threshold values 
(true threshold values), the apnoea-hypopnoea indexes, 
and the desaturation indexes will be explored by the 
Pearson or Spearman correlation coefficient, depending 
on the symmetric or asymmetric distribution of the vari-
ables. The relationship between sensory thresholds and 
OSA severity indexes will also be explored by second-
order and higher-order polynomial equations.2

The following criteria will be used to interpret the 
results of the correlation coefficients (CCs)45:
1. CC <0.3 weak correlation.
2. 0.3 > CC <0.7 mild correlation.
3. CC >0.7 strong correlation.

Additionally, mean or median sensory threshold values 
(depending on the nature of the variable) will be deter-
mined for patients with mild, moderate or severe OSA. 
ANOVA or the Kruskal–Wallis test (depending on the 
distribution of the variable) will be used to assess signifi-
cant differences between these OSA severity groups, the 
Bonferroni correction will be applied to the p values for 
post hoc contrasts within each family of tests.

The discriminative capacity of sensory thresholds to 
differentiate patients with and without severe OSA will 
be determined by plotting ROC curves using as a refer-
ence standard baseline polysomnography, which is the 
gold standard for OSA, and calculating the AUCs with 
their 95% confidence intervals (95% CIs). The 95% CI 
will be calculated using the binomial exact method 
and the AUC significance will be tested against the null 
hypothesis of an AUC=0.5. The discriminative capacity as 
well as correlations between laryngopharyngeal sensory 
thresholds and OSA severity indexes will be explored in 
subgroups of subjects with normal and abnormal mecha-
nosensitivity.2

The AUC-ROC will be interpreted according to the 
following criteria46:

1. =0.5: no discrimination ability.
2. ≥0.6 to 0.69: weak discrimination ability.
3. ≥0.7 to 0.79: acceptable discrimination ability.
4. ≥0.8 to 0.89: excellent discrimination ability.
5. ≥0.9: outstanding discrimination ability.

sample size
To calculate the sample size, the data of the previous 
reliability laryngopharyngeal esthesiometer31 study were 
applied to the formula for the sample size of an ICC: for 
an ICC of 0.86, with a 95% CI of ±0.1, two raters, an α 
error of 0.05 for 28 subjects, rounded to 30 to compensate 
for possible losses.47 48 For the ROC curves we calculated 
that the required sample size was 117 subjects using the 
equation proposed by Machin et al,49 with an estimated 
proportion of unwell subjects of 0.3, a sensitivity of 0.9, 
a specificity of 0.7, and a 95% CI width of 0.08 per side. 
Based on these considerations, the final sample size for 
the full study will be 117 subjects.

We will perform an interim analysis on the first 30 
subjects to adjust the final sample size.

Software
We will use the following software for the statistical 
analysis: Microsoft Excel 2013 (Microsoft Corporation, 
Redmond, WA, USA); MedCalc, version 16.8 (MedCalc 
Software bvba, Ostend, Belgium; http://www. medcalc. 
org; 2016) and IBM-SPSS Statistics software, version 22 
(Armonk, NY, USA).

Ethics and dissemination
The study will follow the Declaration of Helsinki princi-
ples as well as the national (Colombian) legal regulations 
about research in human subjects. Scientific publications 
tracking more than 40 000 laryngopharyngeal sensory 
tests have not reported side effects requiring hospitalisa-
tion, emergency room referral or prolonged observation 
at the test site.50–52 The reported side effects have occurred 
with a frequency of less than 1 in 1000 and consisted of 
mild to moderate discomfort and short-term epistaxis or 
dizziness.

To preserve the confidentiality of the participants, the 
identity of each subject will be anonymised in the study 
database by a four-digit ID code. Only the principal inves-
tigator will have the link between the identity of each 
subject and the database ID code.

This study was approved by the Institutional Review 
Board of Fundacion Neumologica Colombiana. It has an 
informed consent form, which must be completed and 
signed by each study subject after an interview, in which 
the risks and benefits of the test, as well as the purpose 
and justification of this study will be explained. Subjects 
will have the choice to not participate in the study or to 
withdraw voluntarily at any time, without affecting the 
medical care that is provided by the institution.

This study was registered at Clinical Trials ( Clinical-
Trials. gov ID: NCT03109171) before entering the first 
patient into the study.
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The results of this work will be presented at local, 
national and international conferences. The final report 
of this research will be summarised in an original article 
that will be published in a peer-reviewed journal indexed 
in the ISI-Web of Knowledge and PubMed.

This research will serve as a degree project for two 
internal medicine residents.

Author affiliations
1School of Medicine, Research Department, Universidad de La Sabana, Chia, 
Cundinamarca, Colombia
2Interventional Pulmonology Division, Fundacion Neumologica Colombiana, Bogota, 
Bogota DC, Colombia
3Sleep Medicine Division, Fundacion Neumologica Colombiana, Bogota, Bogota DC, 
Colombia

Contributors LFGC with input from the other investigators conceived this study. 
DMPO with DCCG, ARB and LFGC developed the protocol and study materials with 
input from all investigators. MAB and LV will help with the recruitment of patients 
and analysis of polysomnographies. ARB will perform the statistical analysis. All 
authors approved the final manuscript.

Funding This work is funded by Colciencias Colombia, grant contract: FP44842-
225-2015, project number: 123064239652; and University of La Sabana grant: 
MED1642013.

Competing interests The laryngopharyngeal endoscopic esthesiometer and 
rangefinder (LPEER), which will be validated in this study, was granted a patent 
by the Superintendencia de Industria y Comercio de Colombia and a Patent 
Cooperation Treaty (PCT) by the World Intellectual Property Organization. The 
financial rights of the patent belong to University of La Sabana (one of this study’s 
funders). LFGC is one of the inventors of LPEER and could potentially receive future 
royalties from this patent. The study funders will not participate in the conduction 
of the study, statistical analysis, writing of the manuscript or decision to submit the 
report for publication.

Ethics approval Comite de Etica en Investigacion, Fundacion Neumologica 
Colombiana.

Provenance and peer review Not commissioned; externally peer reviewed.

data sharing statement This is not an original research article but a study 
protocol.

open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

REFEREnCES
 1. Miyaji H, Hironaga N, Umezaki T, et al. Neuromagnetic detection 

of the laryngeal area: sensory-evoked fields to air-puff stimulation. 
Neuroimage 2014;88:162–9.

 2. Nguyen AT, Jobin V, Payne R, et al. Laryngeal and velopharyngeal 
sensory impairment in obstructive sleep apnea. Sleep 
2005;28:585–93.

 3. Aviv JE, Martin JH, Sacco RL, et al. Supraglottic and pharyngeal 
sensory abnormalities in stroke patients with dysphagia. Ann Otol 
Rhinol Laryngol 1996;105:92–7.

 4. Aviv JE, Sacco RL, Mohr JP, et al. Laryngopharyngeal sensory testing 
with modified barium swallow as predictors of aspiration pneumonia 
after stroke. Laryngoscope 1997;107:1254–60.

 5. Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep 
apnoea. Lancet 2014;383:736–47.

 6. Teramoto S, Sudo E, Matsuse T, et al. Impaired swallowing 
reflex in patients with obstructive sleep apnea syndrome. Chest 
1999;116:17–21.

 7. Valbuza JS, de Oliveira MM, Zancanella E, et al. Swallowing 
dysfunction related to obstructive sleep apnea: a nasal fibroscopy 
pilot study. Sleep Breath 2011;15:209–13.

 8. Oliveira LA, Fontes LH, Cahali MB. Swallowing and pharyngo-
esophageal manometry in obstructive sleep apnea. Braz J 
Otorhinolaryngol 2015;81:294–300.

 9. Chien MY, Wu YT, Lee PL, et al. Inspiratory muscle dysfunction 
in patients with severe obstructive sleep apnoea. Eur Respir J 
2010;35:373–80.

 10. Tsai YJ, Ramar K, Liang YJ, et al. Peripheral neuropathology of the 
upper airway in obstructive sleep apnea syndrome. Sleep Med Rev 
2013;17:161–8.

 11. Eckert DJ, Lo YL, Saboisky JP, et al. Sensorimotor function of 
the upper-airway muscles and respiratory sensory processing in 
untreated obstructive sleep apnea. J Appl Physiol 2011;111:1644–53.

 12. Fogel RB, Malhotra A, Shea SA, et al. Reduced genioglossal activity 
with upper airway anesthesia in awake patients with OSA. J Appl 
Physiol 20002000;88:1346–54;88:1346–54.

 13. Maurer JT, Van de Heyning P, Lin H-S, et al. Operative technique of 
upper airway stimulation: an implantable treatment of obstructive 
sleep apnea. Oper Tech Otolayngol Head Neck Surg 2012;23:227–33.

 14. Wozniak DR, Lasserson TJ, Smith I. Educational, supportive and 
behavioural interventions to improve usage of continuous positive 
airway pressure machines in adults with obstructive sleep apnoea. 
Cochrane Database Syst Rev 2014;1:CD007736.

 15. Breekveldt-Postma NS, Gerrits CM, Lammers JW, et al. Persistence 
with inhaled corticosteroid therapy in daily practice. Respir Med 
2004;98:752–9.

 16. Bender BG, Pedan A, Varasteh LT. Adherence and persistence with 
fluticasone propionate/salmeterol combination therapy. J Allergy Clin 
Immunol 2006;118:899–904.

 17. Gamble J, Stevenson M, McClean E, et al. The prevalence of 
nonadherence in difficult asthma. Am J Respir Crit Care Med 
2009;180:817–22.

 18. Kezirian EJ, Boudewyns A, Eisele DW, et al. Electrical stimulation of 
the hypoglossal nerve in the treatment of obstructive sleep apnea. 
Sleep Med Rev 2010;14:299–305.

 19. Gillick BT, Zirpel L. Neuroplasticity: an appreciation from synapse to 
system. Arch Phys Med Rehabil 2012;93:1846–55.

 20. Page SJ, Cunningham DA, Plow E, et al. It takes two: noninvasive 
brain stimulation combined with neurorehabilitation. Arch Phys Med 
Rehabil 2015;96(4 Suppl):S89–93.

 21. Robbins SM, Houghton PE, Woodbury MG, et al. The therapeutic 
effect of functional and transcutaneous electric stimulation on 
improving gait speed in stroke patients: a meta-analysis. Arch Phys 
Med Rehabil 2006;87:853–9.

 22. Howlett OA, Lannin NA, Ada L, et al. Functional electrical stimulation 
improves activity after stroke: a systematic review with meta-
analysis. Arch Phys Med Rehabil 2015;96:934–43.

 23. Gallas S, Marie JP, Leroi AM, et al. Sensory transcutaneous electrical 
stimulation improves post-stroke dysphagic patients. Dysphagia 
2010;25:291–7.

 24. Rofes L, Arreola V, López I, et al. Effect of surface sensory and 
motor electrical stimulation on chronic poststroke oropharyngeal 
dysfunction. Neurogastroenterol Motil 2013;25:888–e701.

 25. Speyer R, Baijens L, Heijnen M, et al. Effects of therapy in 
oropharyngeal dysphagia by speech and language therapists: a 
systematic review. Dysphagia 2010;25:40–65.

 26. Pauloski BR, Logemann JA, Rademaker AW, et al. Effects of 
enhanced bolus flavors on oropharyngeal swallow in patients treated 
for head and neck cancer. Head Neck 2013;35:1124–31.

 27. Aviv JE, Martin JH, Keen MS, et al. Air pulse quantification of 
supraglottic and pharyngeal sensation: a new technique. Ann Otol 
Rhinol Laryngol 1993;102:777–80.

 28. Aviv JE, Martin JH. 2000. Apparatus and method to objectively 
measure sensory discrimination thresholds in the upper aero 
digestive tract. 1 Nov 1995. United States. patent US6036655.

 29. Cunningham JJ, Halum SL, Butler SG, et al. Intraobserver and 
interobserver reliability in laryngopharyngeal sensory discrimination 
thresholds: a pilot study. Ann Otol Rhinol Laryngol 2007;116:582–8.

 30. Hammer MJ. Design of a new somatosensory stimulus delivery 
device for measuring laryngeal mechanosensory detection 
thresholds in humans. IEEE Trans Biomed Eng 2009;56:1154–9.

 31. Giraldo-Cadavid LF, Burguete J, Rueda F, et al. Reliability of a 
laryngo-pharyngeal esthesiometer and a method for measuring 
laryngo-pharyngeal mechano-sensitivity in a prospectively recruited 
cohort of patients. Eur Arch Otorhinolaryngol 2017;274:2861–70.

 32. Giraldo-Cadavid LF, Agudelo-Otalora LM, Burguete J, et al. Design, 
development and validation of a new laryngo-pharyngeal endoscopic 
esthesiometer and range-finder based on the assessment of air-
pulse variability determinants. Biomed Eng Online 2016;15:1–23.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-015235 on 21 A

ugust 2017. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.neuroimage.2013.11.008
http://dx.doi.org/10.1093/sleep/28.5.585
http://dx.doi.org/10.1177/000348949610500202
http://dx.doi.org/10.1177/000348949610500202
http://dx.doi.org/10.1097/00005537-199709000-00018
http://dx.doi.org/10.1016/S0140-6736(13)60734-5
http://dx.doi.org/10.1378/chest.116.1.17
http://dx.doi.org/10.1007/s11325-010-0474-9
http://dx.doi.org/10.1016/j.bjorl.2015.03.006
http://dx.doi.org/10.1016/j.bjorl.2015.03.006
http://dx.doi.org/10.1183/09031936.00190208
http://dx.doi.org/10.1016/j.smrv.2012.05.005
http://dx.doi.org/10.1152/japplphysiol.00653.2011
http://dx.doi.org/10.1016/j.otot.2012.07.002
http://dx.doi.org/10.1002/14651858.CD007736.pub2
http://dx.doi.org/10.1016/j.rmed.2004.01.014
http://dx.doi.org/10.1016/j.jaci.2006.07.002
http://dx.doi.org/10.1016/j.jaci.2006.07.002
http://dx.doi.org/10.1164/rccm.200902-0166OC
http://dx.doi.org/10.1016/j.smrv.2009.10.009
http://dx.doi.org/10.1016/j.apmr.2012.04.026
http://dx.doi.org/10.1016/j.apmr.2014.09.019
http://dx.doi.org/10.1016/j.apmr.2014.09.019
http://dx.doi.org/10.1016/j.apmr.2006.02.026
http://dx.doi.org/10.1016/j.apmr.2006.02.026
http://dx.doi.org/10.1016/j.apmr.2015.01.013
http://dx.doi.org/10.1007/s00455-009-9259-3
http://dx.doi.org/10.1111/nmo.12211
http://dx.doi.org/10.1007/s00455-009-9239-7
http://dx.doi.org/10.1002/hed.23086
http://dx.doi.org/10.1177/000348949310201007
http://dx.doi.org/10.1177/000348949310201007
http://dx.doi.org/10.1177/000348940711600805
http://dx.doi.org/10.1109/TBME.2008.2007968
http://dx.doi.org/10.1007/s00405-017-4536-5
http://dx.doi.org/10.1186/s12938-016-0166-1
http://bmjopen.bmj.com/


 9Giraldo-Cadavid LF, et al. BMJ Open 2017;7:e015235. doi:10.1136/bmjopen-2016-015235

Open Access

 33. Giraldo-Cadavid LF, Burguete J, Rueda F, et al, 20 May 2015. 
Accuracy of the laryngeal adductor reflex explored by a New 
Laryngo-Pharyngeal Esthesiometer during the Fiberoptic Endoscopic 
evaluation of swallowing. American Thoracic Society - ATS 2015 
International Conference. http://www. atsjournals. org/ doi/ abs/

 34. Giraldo-Cadavid LF, Agudelo-Otalora M, Arbulu M, et al. 2014. 
Universidad de La Sabana, assignee. Apparatus for measuring 
sensory thresholds in the laryngeal/pharyngeal tract of a patient. 
Colombia. patent 13-1212843.

 35. Larsson H, Carlsson-Nordlander B, Lindblad LE, et al. Temperature 
thresholds in the oropharynx of patients with obstructive sleep apnea 
syndrome. Am Rev Respir Dis 1992;146:1246–9.

 36. Fruhstorfer H, Lindblom U, Schmidt WC. Method for quantitative 
estimation of thermal thresholds in patients. J Neurol Neurosurg 
Psychiatry 1976;39:1071–5.

 37. Goldberg JM, Lindblom U. Standardised method of determining 
vibratory perception thresholds for diagnosis and screening 
in neurological investigation. J Neurol Neurosurg Psychiatry 
1979;42:793–803.

 38. Kimoff RJ, Sforza E, Champagne V, et al. Upper airway sensation 
in snoring and obstructive sleep apnea. Am J Respir Crit Care Med 
2001;164:250–5.

 39. Streiner DL, Norman GR, Reliability CJ, eds. Health measurement 
scales a practical guide to their development and use. 5th ed. 
Oxford: United Kingdom: Oxford University Press, 2015:159–99.

 40. Streiner DL, Norman GR, Cairney J. Generalizability theory. In: 
Streiner DL, Norman GR, Cairney J, eds. Health measurement scales 
a practical guide to their development and use. 5th edn. Oxford, 
United Kingdom: Oxford University Press, 2015:199–226.

 41. Müller R, Büttner P. A critical discussion of intraclass correlation 
coefficients. Stat Med 1994;13(23-24):2465–76.

 42. Giraldo-Cadavid LF. Endoscopic Laryngopharyngeal Sensory 
Test (ELST) Protocol for the validation of a Laryngo-Pharyngeal 

Endoscopic Esthesiometer and Rangefinder (LPEER). 2016. https:// 
upperairwaylfgiraldo. wordpress. com/ about/ (accessed 27 Aug 
2016).

 43. Landis JR, Koch GG. The measurement of observer agreement for 
categorical data. Biometrics 1977;33:159–74.

 44. Sharrack B, Hughes RA, Soudain S, et al. The psychometric 
properties of clinical rating scales used in multiple sclerosis. Brain 
1999;122:141–59.

 45. Sheskin DJ. Measures of Association/Correlation. Handbook of 
Parametric and Nonparametric Statistical Procedures. 3rd edn. 
Florida, USA: CRC Press, 2003:943–1120.

 46. Hosmer DW, Lemeshow S. Assessing the fit of the model. In: Hosmer 
DW, Lemeshow S, eds. Applied Logistic regression. 2nd edn. New 
York: John Wiley & Sons, Inc, 2000.

 47. Bonett DG. Sample size requirements for estimating intraclass 
correlations with desired precision. Stat Med 2002;21:1331–5.

 48. Machin D, Campbell MJ, Tan SB, et al. Sample size tables for clinical 
studies. 3rd edn. West Sussex, UK: Wiley-Blackwell, 2009.

 49. Machin D, Campbell MJ, Tan SB, et al. Reference intervals and 
receiver operating curves. In: Machin D, Campbell MJ, Tan SB, eds. 
Sample size tables for clinical studies. 3rd edn. West Sussex, UK: 
Wiley-Blackwell, 2009:158–78.

 50. Nacci A, Ursino F, La Vela R, et al. Fiberoptic endoscopic evaluation 
of swallowing (FEES): proposal for informed consent. Acta 
Otorhinolaryngol Ital 2008;28:206–11.

 51. Aviv JE, Kaplan S, Langmore SE. The safety of endoscopic 
swallowing evaluations. In: Langmore SE, ed. Endoscopic evaluation 
and treatment of swallowing disorders. 1st edn. New York: Thieme, 
2001:235–41.

 52. Aviv JE, Murry T, Zschommler A, et al. Flexible endoscopic evaluation 
of swallowing with sensory testing: patient characteristics and 
analysis of safety in 1,340 consecutive examinations. Ann Otol Rhinol 
Laryngol 2005;114:173–6.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-015235 on 21 A

ugust 2017. D
ow

nloaded from
 

http://www.atsjournals.org/doi/abs/
http://dx.doi.org/10.1164/ajrccm/146.5_Pt_1.1246
http://dx.doi.org/10.1136/jnnp.39.11.1071
http://dx.doi.org/10.1136/jnnp.39.11.1071
http://dx.doi.org/10.1136/jnnp.42.9.793
http://dx.doi.org/10.1164/ajrccm.164.2.2010012
http://dx.doi.org/10.1002/sim.4780132310
https://upperairwaylfgiraldo.wordpress.com/about/
https://upperairwaylfgiraldo.wordpress.com/about/
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1093/brain/122.1.141
http://dx.doi.org/10.1002/sim.1108
http://dx.doi.org/10.1177/000348940511400301
http://dx.doi.org/10.1177/000348940511400301
http://bmjopen.bmj.com/

