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Validation of a new method to assess 

respiratory effort non-invasively 

 
Marta Serwatko January 2016 

 

Abstract 
 

Study Objectives:  To compare esophageal pressure (Pes) manometry as a measurement 

of respiratory effort with two, novel signals derived from calibrated respiratory inductive 

plethysmography (cRIP). 

Design: Cross-sectional study. 

Setting: Landspitali - The National University Hospital of Iceland. 

Participants: 31 subjects (18 males and 13 females, mean ± standard deviation; body 

mass index  29.9 ± 5.4 kg/m
2
 , age 47.1 ± 12.9 years, apnea-hypopnea index = 9.3 ± 9.6 

per hour). 

Measurements and Results: Respiratory effort was assessed simultaneously with Pes 

manometry and cRIP. It is assumed that the breathing movement from the cRIP can be 

divided into two components, i.e. breathing component and a non-breathing component. 

Hence, two novel signals were derived from cRIP belts, i.e. cRIP-1 and cRIP-2. These 

are thought by the authors to reflect two parameters, the former the respiratory drive, 

and the latter the respiratory effort. Scored events in the cRIP signals were compared 

with scored events in the Pes signal. Furthermore, it was investigated if cRIP-1, cRIP-2, 

or Pes events preceded arousals. The sensitivity and positive predictive value (PPV) of 

scoring respiratory effort (RE) events manually using Pes compared to cRIP-2 was 0.50 

and 0.43, respectively. Significant difference was found in the sensitivity of Pes 

followed by cRIP-1 in sleep stage N1, between N2 and REM (p<0.001). Also, between 

cRIP-1, N1 and N3 (p=0.001). The correlation coefficient between the number of RE 

events per patient determined by Pes measurement and cRIP-1 and cRIP-2 was 0.66 and 

0.34, respectively. The correlation coefficient between the number of arousals 

determined by Pes compared with cRIP-1 and cRIP-2 was 0.88 and 0.44, respectively. 

Conclusions: cRIP-1 and cRIP-2 are important addition and may be very useful in 

choosing the right treatment option for patients. The cRIP-1 is better in predicting 

RERA, thus might serve as an alternative to the highly invasive Pes method.  

 

 

 

Keywords:   esophageal pressure, respiratory effort, calibrated respiratory inductive 

plethysmography, breathing movement
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Ný aðferðarfræði til mats á öndunarerfiði í 

svefni 

 
Marta Serwatko Janúar 2015 

 

Ágrip 
 

Markmið verkefnis:  Samanburður tveggja mæliaðferða til mats á öndunarerfiði í svefni, 

annars vegar með vélindaþrýstingsnema (Pes) og hins vegar með hefðbundnum 

öndunarbeltum í svefnmælingu. 

Hönnun rannsóknar: Megindleg þverskurðsrannsókn. 

Vettvangur rannsóknar: Landspítalinn Háskólasjúkrahús. 

Þátttakendur: 31 viðfangsefni (18 karlmenn og 13 kvenmenn, meðaltal ± staðalfrávik; 

BMI = 29.90 ± 5.40, aldur = 47.10 ± 12.90, AHI = 9.30 ± 9.60). 

Aðferðarfræði og niðurstöður: Öndunarerfiði var mælt samtímis með 

vélindaþrýstingsnema og kvörðuðum öndunarbeltum (cRIP) í svefnmælingu. Gert var 

ráð fyrir að öndunarhreyfingu væri hægt að skipta í tvo þætti, þ.e. öndunarhreyfingu og 

van-öndunarhreyfingu, þar af leiðandi voru tvö ný merki voru leidd út, út frá merkinu frá 

öndunarbeltum, þ.e. cRIP-1 og cRIP-2. Þessum merkjum er ætlað að endurspegla tvo 

þætti, sá fyrri öndunardrifkraft, og sá seinni öndunarerfiði. Skoraðir viðburður fengnir út 

úr cRIP voru bornir saman við skoraða viðburði í Pes. Þar að auki var kannað hvort 

cRIP-1, cRIP-2 eða Pes koma á undan örvökum (e. arousals). Næmni og jákvætt 

forspársgildi fyrir öndunarerfiði, sem var handskorað (e. manually scored) fyrir Pes 

merkin annars vegar og cRIP-1 og cRIP-2 hins vegar, var borið saman og útkoman var 

0.50 og 0.43, hvor um sig. Marktækur munur fannst milli næmnisgilda hjá Pes, þar sem 

cRIP-1 fylgdi eftir í svefnstigi N1 og í svefnstigum N2 og REM (p<0.001). Þar að auki í 

cRIP-1, N1 og N3 (p=0.001). Fylgnistuðull milli fjölda öndunarerfiðisatburða, mælda 

með Pes annars vegar og með cRIP-1 og cRIP-2 hins vegar, var 0.66 og 0.34, hvor fyrir 

sig. Fylgnistuðull milli fjölda örvaka, mælda annars vegar með Pes, hins vegar með 

cRIP-1 og cRIP-2, var 0.88 og 0.44, hvor um sig. 

Ályktanir: cRIP-1 og cRIP-2 eru mikilvæg viðbót og gætu þjónað mikilvægum tilgangi í 

vali á réttu meðferðarrúrræði. cRIP-1 er betra merki þegar kemur að spá fyrir um 

örvökur og mætti því koma í staðinn fyrir ífarandi (e. invasive) Pes aðferðarfræði. 

 

 

 

Lykilorð:  vélindaþrýstingur, öndunarerfiði,  kvörðuð öndunarbelti, öndunarhreyfing
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Introduction 

 
Sleep-disordered breathing (SDB) is a common disease with increased mortality risk.

1-2
 

Several comorbidities have been associated with SDB, i.e. hypertension, cardiovascular 

disease, insulin resistance, diabetes and the metabolic syndrome.
2
 According to previous 

studies, 15.4% of middle-aged Icelanders have untreated moderate-to-severe obstructive 

sleep apnea (OSA) requiring treatment, further 24.1% have mild OSA and even more report 

snoring with increased respiratory effort.
3
 An increase in respiratory effort may results in 

sleep fragmentation, i.e. respiratory effort related arousals (RERA). It is of clinical 

importance to understand which of these individuals develop negative consequences and are 

in need of treatment, as well as which individuals only have benign mild snoring. Critical 

steps in this direction would be developing novel tools to assess quantitative measures of the 

level of partial obstruction. For detailed review on the studies conducted to date on this 

mentioned topic, refer to e.g. Vandenbussche et al. 2014. The objective of this study was to 

evaluate the two novel signals, derived from thoracoabdominal bands and compare them to 

the traditional procedure of measuring respiratory effort, i.e. Pes manometry. 

 An alternative route to understand which factors are important in causing SDB and 

how an individual is capable of preventing SDB events from occurring, is modeling the 

physiological traits which cause snoring, sleep apnea and arousal from sleep.
4
 Four traits are 

considered of importance: 1) pharyngeal anatomy/collapsibility, 2) the ventilatory response 

to disturbance ratio (loop gain) 3) the ability of the upper airway to stiffen/dilate in response 

to an increase in ventilatory drive and 4) the arousal threshold.
4
 In our study the main focus 

will be on the respiratory response to the disturbance ratio with or without an arousal. At the 

sleep onset, inhibitory neural signals to the muscular system increase, which results in a 

decrease in the activity of pharyngeal dilator muscles, which in turn can lead to collapse of 

the airway. At this point, the instability in respiratory control can occur, i.e. the ability of the 
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control system to amplify ventilation in response to a stimulus or perturbation. This 

phenomenon is sometimes also termed as “loop-gain” of the respiratory system. This 

instability often causes a respiratory effort related arousal (RERA), if insufficient respiratory 

drive is provided by the neural control system.
4,5

 If one could assess the change in 

respiratory effort, non-invasively, this could provide clinicians and patients with a broader 

range of treatment options.
4
  

The term, respiratory effort, describes a physiological phenomenon and indicates the 

force needed for adequate ventilation. Muscular activity of the diaphragm and intercostal 

muscles plays a key-role in respiratory effort. Inhalation and exhalation produce changes in 

intrathoracic pressure and volume expansion of the trunk. These physiological responses can 

be measured with the traditional technique, esophageal pressure manometry (Pes). Pes 

estimates the relative pressure variations in the esophagus, which correlates strongly in 

magnitude and phase with directly measured representative changes in pleural pressure.
6
 To 

inhale, this pressure must be negative compared with the instantaneous atmospheric pressure. 

The diaphragm and rib cage muscles drive the ventilation. The lower that the relative 

esophageal pressure gets, the more tension is provided by the muscles, hence, more effort is 

used for ventilation. Since the measurement of esophageal pressure requires the placement of 

a catheter or sensor inside the esophagus, it is an invasive procedure and is not practical in 

clinical settings.
7
 For this reason, indirect methods have been developed to evaluate the 

respiratory effort. The most practical and widely used method to measure respiratory related 

changes is called respiratory inductive plethysmography (RIP). In the American Academy of 

Sleep Medicine (AASM) manual, the only sleep medicine manual currently in world-wide 

use, RIP technology is the recommended signal for measurement of respiratory effort.
8
 

However, RIP belts measure respiratory movements of the thorax and abdomen and not 

respiratory effort per se. 
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RIP belts are now used to distinguish between reduced ventilation, caused by 

obstruction in the upper airway (obstructive apnea) where there can be considerable 

respiratory movement measured, or if it is caused by loss of respiratory drive (central apnea) 

in which reduction in flow and reduction in the belt movement occur simultaneously. The 

AASM sleep scoring manual
8
, accepts both uncalibrated and calibrated RIP signals for 

assessing respiratory effort and does not distinguish between calibration methods. However, 

it would be of a great interest to be able to accurately show the portion of respiratory effort 

related to actual respiratory volume and the paradoxical component of breathing events 

throughout the night, with well-calibrated RIP signals. 

The qualitative diagnostic calibration (QDC) method was developed and published in 

1989 to calibrate RIP (cRIP) belts.
9
 This method uses statistical measure of RIP during 

normal breathing to evaluate the relative contribution of the thorax and abdomen to breathing 

movements. The QDC algorithm allows a quantitative calibration of the RIP signals during 

normal breathing, without the use of a reference volume signal.  The method is based on the 

findings that during normal breathing (non-obstructive), the variance in the amplitude of the 

thorax and abdomen RIP signals when correctly calibrated should be the same, given that, 

the tidal volume of the breaths are approximately the same. This is conducted by measuring 

a number of breaths (typically 5 minute period), only breaths, which are closely and 

normally distributed around the average tidal volumes, are selected and used further for the 

calculation of standard deviation of the selected breaths for the thorax signal and abdomen 

signals. From aforementioned values, the gain factor between belts can be evaluated. The 

drawback is however that the gain factor will change if the belts move or the patient changes 

position
10-12

, both of which will happen in a typical 8-hour sleep study.  Therefore, a method 

that allows calibration to take place at any time during the night, not requiring normal and 

non-obstructive breathing period, would be beneficial. 



 

12 
 

Recently, a novel and unified model to describe the respiratory movements of the 

thorax and abdomen and their relationship with the respiratory volume inhaled at any given 

time, has been created.
11, 13

 Calibration of the RIP signal across the night, instead of the 

traditional 5 minute manual selection, was carried out, to improve the accuracy of the QDC 

calibration across the night. Furthermore the movements of the thoracic and abdominal RIP 

bands was divided into movements that are in synchrony with each other and those not in 

synchrony; considered the respiratory volume-contributing and paradoxical components of 

the respiratory movements, respectively. From these algorithms
13

 two new signals, cRIP-1 

and cRIP-2 were created. cRIP-1, a putative component of an increase in the respiratory 

control system gain, i.e. quantifying the respiratory drive to breathe or respiratory volume-

contributing component. cRIP-2, a putative quantifier of the ratio between the actual volume 

(Power Sum) and the intended volume. Hence, cRIP-2 is thought to correspond to an 

increase in respiratory effort or the ratio of power lost to overcome an obstruction, caused by 

paradoxical components. 

Currently we compare cRIP-1 and cRIP-2 to the Pes manometry with the aim to 

generate a novel method to replace the invasive Pes measurement.  
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Methods 

 
2.1 Study population 

 
We invited OSA patients who have already been diagnosed at the sleep laboratory at 

Landspitali – The National University Hospital of Iceland, patients who were on waiting list 

for an OSA measurement and subjects without any known sleep issues.  The National 

Bioethics Committee (Application: 14-080) and the Data Protection Agency of Iceland 

approved the study protocol and written consent was obtained from all research subjects (see 

Appendix A) after receiving an introduction letter (see Appendix B). Furthermore, all 

subjects had the study explained by the study coordinator (MS).  

2.2 Procedures 

 
Simultaneous polysomnography (PSG) study and Pes manometry were set up at the 

Landspitali – The National University Hospital of Iceland and subjects slept with the device 

at home for one night. Two, separate A1 devices (NoxMedical, Reykjavik, Iceland) were 

used and recordings were synchronized afterwards, for each subject. All subjects underwent 

simple body measurements, i.e. height, weight, and blood pressure as well as measurement 

of neck, thorax and abdomen circumference. All subjects received the Sleep Apnea Genetics 

International Consortium (SAGIC) questionnaire.
3
 The esophageal catheter was firstly 

introduced trans-nasally. If the catheter insertion was successful, the subject was hooked-up 

with PSG. See Figure 1. 
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2.2.1 Pes manometry 

 

Esophageal pressure measuring device (Gaeltec Devices Ltd., Dunvegan, UK) was a 100 cm 

long thread, that included 4 sensor, placed 5 cm apart (the lowermost at the tip of the 

catheter) within the catheter. The calibration of Pes device was done against a closed system, 

prior to esophageal intubation. The device used for calibration was made of  a plastic 

cylinder, with two openings, one for a syringe and the other one for catheter insertion. After 

installation of all catheter sensors inside the cylinder, the syringe was connected to the other 

end of cylinder and the system became closed. Calibration was done by absorbing the air 

inside the cylinder, into 12 ml syringe, causing a negative pressure swing, measured by the 

catheter sensors.  Subsequently the air was injected back into the closed system, generating a 

positive pressure swing. If the two pressure swings, both positive and negative were of the 

same amplitude, only with opposite signs, the calibration was concluded succeeded. All 

signals were recorded (in millivolts, mV) and monitored with Noxturnal 4.3, software (Nox 

Figure 1: Measurement setup. A) The esophageal pressure (Pes) sensor placement inside the 

esophagus. Applied and edited from: http://www.upmc.com/patients-

visitors/education/gastro/Pages/esophageal-ph-monitoring.aspx.  B) Respiratory inductance 

plethysmography (RIP) belts. Picture applied from: 

http://americansleepandbreathingacademy.com/why-is-rip-a-critical-part-of-any-home-

sleep-testing-unit/. C) Full setup of a measurement for home sleep study.  

A 
B C 

http://www.upmc.com/patients-visitors/education/gastro/Pages/esophageal-ph-monitoring.aspx
http://www.upmc.com/patients-visitors/education/gastro/Pages/esophageal-ph-monitoring.aspx
http://americansleepandbreathingacademy.com/why-is-rip-a-critical-part-of-any-home-sleep-testing-unit/
http://americansleepandbreathingacademy.com/why-is-rip-a-critical-part-of-any-home-sleep-testing-unit/
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Medical, Reykjavik, Iceland), through a wireless connection, using configured A1 device 

and Bluegiga Bluethooth system (Silicon Labs, Austin, TX, USA). The zero baseline of Pes 

signal was found by adjusting for the phase shift. The adjusted Pes signal, Pesadj, (cmH20), 

was assessed by the formula below, where 2.23 is the gain factor, i.e. the correlation found 

between mV and cmH20, the Pesstart is Pes initial value. This formula was adopted for each 

Pes sensor, see equation 1. 

                              [1] 

The esophageal catheter insertion and bio-calibration was performed using the technique 

described by Kushida et al. (2002). The position of catheter was monitored on a computer 

screen during insertion, see Figure 2. The characteristic pressure in the esophagus is negative 

during inspiration, e.g. a pressure around -10 cmH20 is considered in the normal ranges, see 

Figure 2B.
14

 As the catheter bypassed the lower esophageal sphincter and entered the 

stomach, the two lowermost Pes sensors, number three and four, became positive, which is a 

characteristic for pressure in stomach. Subsequently, the catheter was withdrawn 10 cm 

upwards in order to position the third sensor in the lower two third of the esophagus. Once 

all the sensors were correctly placed in esophagus (see Figure 2B) the catheter was secured 

with tape. 

 

 

 

 

Figure 2: Esophageal pressure(Pes) manometry setup. Four Pes sensors showed and the placement 

of the sensors inside the esophagus. A) The fourth sensor inside the stomach was 

withdrawn 10 cm upwards. B) Validation of the Pes signal. Third Pes sensor shown in 

blue, with normal pressure swing, few seconds later abnormal pressure swing, caused by 

an obstruction. 

A B 
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2.2.2 Sleep study 

 

The PSG recordings included electroencephalography (EEG; C4-M1,C3-M2,O2-M1,O1-

M2,F4-M1,F3-M2), right and left electrooculography (EOG), chin electromyography 

(EMG), EMG of right and left anterior tibialis, electrocardiography (ECG), airflow using 

nasal cannula and thermistor, snoring measurement via audio, body position, movements, 

calibrated thorax and abdomen RIP belts,  oxygen saturation and pulse. Additionally, 

electrodermal activity (EDA) was measured in the same manner as in our previous studies 

for the measurement of nocturnal sweating.
15

  

 

2.3 Definitions and scoring procedures 

 
The scoring of sleep studies was done manually. Firstly, sleep stages, arousals, respiratory 

events and leg movements were scored according to AASM 2.1 rules.
8
 Hypopneas were 

scored according to acceptable criteria from AASM 2.1, with ≥4% oxygen desaturation drop. 

Secondly, Pes events were added to scoring montage and Pes was scored in 120 sec epochs. 

Finally, Pes was excluded and cRIP was scored independently, again using a 120 second 

epoch. The scorer (MS) was blinded to the Pes events and the number of the study 

participant while scoring the cRIP events. 

A comparison of respiratory events was carried out instead of continuous comparison of Pes 

and cRIP signals due to the variability in both signals (data not shown). Frequent artifacts in 

Pes resulted from heart beating, swallowing or sensor movement. In few cases switching 

between comparison sensors during one recording was necessary due to subject’s movement, 

resulting in the catheter displacement inside the esophagus. RIP artifacts occurred in 2 

measurements, thus several minutes had to be excluded from those recordings. 

2.3.1 Pes events 
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Pes events were defined according to the Guilleminault et al. (2001) paper. 1) Pes crescendo: 

a progressive, breath-by-breath, more negative inspiratory waveform, lasting at least 10 sec 

and not associated with oxygen desaturation. 2) Pes sustained continuous effort: a relatively 

stable and persistent, more negative inspiratory waveform, lasting at least 60 sec. Both 

events end with Pes reversal: an abrupt drop in respiratory effort, indicated by a less negative 

end inspiratory waveform, after a sequence of variations in respiratory efforts. All Pes events 

were independent of the EEG pattern seen. The third sensor (see Figure 2) was used as a 

default scoring signal, because of the most accurate positioning. Artifacts, i.e. swallowing 

and major body movements were marked and excluded from the analysis.
16

 

 

2.3.2 cRIP events 

 

Theoretically, the breathing movement can be divided into two components, i.e. a breathing 

component and non-breathing component, see Figure 3.
13

 The breathing component is a 

normal inhalation. The non-breathing component is caused by the patient overcoming an 

obstruction in the airway, i.e. paradoxical breathing. Two novel parameters, derived from 

cRIP belts in PSG recording, were defined and termed cRIP-1 and cRIP-2. The cRIP-1, a 

putative component of an increase in the respiratory control system gain, i.e. quantifying the 

respiratory drive to breathe or respiratory volume-contributing component. cRIP-1 is 

calculated as the sum of breathing and non-breathing components, see Figure 3 and 4. cRIP-

2, a putative quantifier of the ratio between the actual volume (Power Flow) and the intended 

volume. Hence, cRIP-2 is thought to correspond to an increase in respiratory effort or the 

ratio of power lost to overcome an obstruction, caused by paradoxical components. See 

Figure 3 and 5. 



 

18 
 

  

Figure 3:  Movements of thorax and abdomen. Two theoretical components derived from calibrated 

respiratory inductive plethysmography (cRIP), i.e. flow contributing part (F) and non-flow 

contributing part (P). Assuming that: Thorax = F+P and Abdomen=F-P.  

 

 

Figure 4:              The derivation of cRIP-1 signal. Two signals, thorax and abdomen are shown, then they 

are calibrated to find the correct gain factor between them. For each breath, the RMS 

value is found, separately in thorax belt and in abdomen belt. RMS values are summed 

together and the cRIP-1 component is found. RMS values are also named "Power", i.e. 

Power Thorax and Power Abdomen. 
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2.3.2.1 Scoring rule for cRIP events 

 

 

A scoring rule was created for the novel signals. As a measure of an increase in respiratory 

effort the average increase from baseline was calculated, in both cRIP-1 and cRIP-2 signals, 

using Pes as a trigger, i.e. if Pes event occurred, the concurrent change in cRIP was 

Figure 5:              Derivation of cRIP-2 signal. Two signals, thorax and abdomen are shown, then they are calibrated to 

find the correct gain factor between them. The two belts are combined into one signal, cRIP Flow. 

During that process the flow contributing parts are summed  and the non-flow contributing parts 

disappear. RMS(cRIP) is also termed as "Power Flow". For every cRIP Flow movement the RMS value is 

found and then the RMS values are summed together. cRIP-2 is in turn the ratio between the power 

coming from the flow and the sum of the power from thorax and the power from abdomen.    
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calculated. Randomly selected events (n=98, cRIP-2: 61, cRIP-1: 37), from 10 

measurements, were chosen for analysis and showed an average relative increase of 

2.81±1.66 and 6.05±1.93 times the baseline for cRIP-1 and cRIP-2, respectively.  Those 

events were found in all sleep stages occurring at the beginning, middle and end of the night. 

Based on these analysis, cRIP-1 were scored when a relative increase of 2.8 from the 

baseline occurred and cRIP-2 events a relative increase of 6.0 from baseline. 

 

2.4 Data analysis 

 

2.4.1 The distribution of Pes events across sleep stages and positions 

 

One-way analysis of variance (ANOVA) with post-hoc Bonferroni correction was performed 

for all Pes events in different sleep stages. t-test was performed for all Pes events in two 

different positions, i.e. supine and non-supine. p-value of 0.05 were considered significant. 

2.4.2 Comparison of different measures for respiratory effort 

 

Using data from the first four subjects, Peristimulus histogram was made for cRIP-1 and 

cRIP-2, to assess the distribution of cRIP events around Pes, see Figure 8.  

The sensitivity and positive predictive value (PPV) of respiratory effort events measured with 

two different methods, Pes (both Pes crescendo and Pes sustained) events versus cRIP-1 and 

cRIP-2, was calculated for all subjects, during whole night recording. It was not possible to 

provide true negatives and therefore a calculation of specificity and negative predictive value 

was not provided. Despite many periods with stable breathing, it is difficult to establish the 

normal respiratory event. The Pes was used as a reference since it is a traditional way for 

assessing the respiratory effort. One-way ANOVA with post-hoc Bonferroni analysis was 

performed for all sensitivity values, in all sleep stages. t-test was performed to analyze the 
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difference in the mean values of sensitivity for both cRIP-1 and cRIP-2. p-value of 0.05 was 

considered significant. 

Correlation test was performed between the number of Pes events (both Pes crescendo and 

Pes sustained), and cRIP-1 and cRIP-2 events, of each patient. The correlation significance 

was assessed using the Pearson test and plotted, where cRIP events were on the x-axis and 

Pes events on y-axis. Bland-Altman
17

 analysis plot was carried out with the differences in the 

number of respiratory effort scored events from Pes and cRIP-1 and Pes and cRIP-2. Both 

correlation plot and Bland-Altman plot were used to evaluate the agreement between two 

aforementioned methods.  

2.4.3 Association between RERA from Pes measurement and the cRIP 

 

Correlation test was performed between the number of arousals preceded (5 sec) by Pes 

events (both Pes crescendo and Pes sustained), and cRIP, both cRIP-1 and cRIP-2, of each 

patient. The correlation significance was assessed using the Pearson test and plotted. Bland-

Altman analysis plot was carried out with the differences in the number of arousals preceded 

by Pes and arousals preceded by cRIP-1 and the same for the Pes versus cRIP-2. Both 

correlation plot and Bland-Altman plot were used to evaluate the agreement between two 

aforementioned methods. 

Analyses were performed in Noxturnal version 4.4 (NoxMedical, Reykjavik, Iceland), 

Matlab version 8.6.0 (MathWorks, Natick, MA, USA) and IBM SPSS statistics version 23 

(IBM, Armonk, NY, USA). 
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Results 
 

3.1 Patient characteristics  

 
A total of 31 subjects (≥18 years), 18 males and 13 females, were measured. Three 

measurements were < 4h long, thus not included in this study. Twenty-eight subjects were 

therefore included in the study; 12 females and 16 males, having a mean age of 47.1 (range 

20-69 years) and a body mass index (BMI) of 29.9 kg/m
2
 (range 21.6-49.3 kg/m

2
). The 

mean apnea-hypopnea index (AHI) was 9.3 h
-1

 (range 0.0 - 34.8). The mean Pes index was 

20.2 h
-1

 (range 0.3 - 61.1). The mean cRIP-1 index was 16.8 h
-1

 (range 1.4 - 58.9). The 

mean cRIP-2 index was 23.5 h
-1

 (range 2.1-57.1). The sleep study data are shown in Table 

1. The representative data are shown in Figure 3 as an example of recorded signals during 

overnight PSG including Pes manometry. 

 

 

 
 

Figure 6: Representative data. From above: the first obstructive apnea (OA) is terminated by an arousal from 

sleep, as shown on a sleep stage trace, marked as "wake", in yellow. The decrease in Pes follows 

apneas, shortly after both cRIP-1 and cRIP-2 increases. cRIP-1 and cRIP-2 events appear more often 

than apneas and hypopneas. Traces and scored signals: Flow trace, obstructive apnea events 

(orange), hypopnea (turquoise); Oxygen saturation, desaturation events (green); Pes trace: Pes 

crescendo events (violet); The cRIP trace, combines calibrated thorax and abdomen RIP belts, no 

events scored; cRIP-2 trace: cRIP-2 events (yellow); cRIP-1 trace: cRIP-1 events (blue). Time: 10 min 

(600 sec). 
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Table 1: A summary of the polysomnography and the respiratory effort data for the whole night studies. BMI, 

body mass index; ESS, Epworth sleepiness scale; N1, sleep stage 1; N2, sleep stage 2; N3, sleep stage 3; R, 

rapid eye movement sleep; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; SD, standard 

deviation. 

 Mean SD Min Max 

Patient data     

Age (years) 47.10 12.90 20.00 69.00 

BMI ( kg/m
2
) 29.90 5.40 21.60 49.30 

ESS 10.00 5.30 0 21.0 

Sleep study data     

Total sleep time 

(TST) in min 

393.90 51.80 271.30 461.90 

N1 (% of TST) 8.90 8.50 1.50 42.40 

N2 (% of TST) 50.27 9.20 27.10 71.80 

N3 (% of TST) 20.67 6.90 6.20 37.20 

REM (% of TST) 20.16 8.20 0.0 44.40 

Arousal index  11.70 6.20 4.20 31.40 

AHI index 

 

9.30 9.60 0.0 34.80 

ODI index 

 

8.40 8.90 0.0 32.30 

Pes index 20.20 13.80 0.30 61.10 
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Pes crescendo index  17.25 12.82 0.30 57.90 

Pes sustained index  2.96 2.57 0.0 10.50 

cRIP-1 index  16.81 15.37  1.40 58.90 

cRIP-2 index 

 

23.47 13.29 2.10 57.10 

 
 

3.2 The distribution of Pes events across sleep stages and positions  
 

The Pes index was 18.56 h
-1

 (range 0.0 – 81.1) in sleep stage N1, 18.31 h
-1

 (range 0.0 – 

65.4) in sleep stage N2, 8.65 h
-1

 (range 0.0 – 40.3) in sleep stage N3 and 31.38 h
-1

 (range 

0.0 – 80.3) in sleep stage REM (p<0.001). For supine and non-supine positions, the Pes 

index was 19.43 h
-1

 (range 0.0 – 55.4) and 15.37 h
-1

 (range 0.0 – 61.1), respectively. All Pes 

indices are shown with standard error values in Figure 4. 

Post-hoc analyses showed a significant difference in the average Pes index for all subjects, 

between sleep stage N3 and REM (p<0.001), see Figure 7A. No significant difference in the 

Pes index was found between supine and non-supine sleep positions (p = 0.33), see Figure 

7B. 

 Figure 7: A) the difference in Pes index between sleep stages and in B) different positions, i.e. supine and 

non-supine. 
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3.3 Comparison of different measures for respiratory effort  

 

3.3.1 Temporal correlation of Pes and cRIP events  

 
The correlation between Pes and the cRIP was examined. The Peristimulus histogram (see 

Figure 8) with Pes events (separately Pes crescendo and Pes sustained) serving as a trigger 

for cRIP-1 and cRIP-2 events is shown. These results are plotted against the frequency of 

cRIP events happening in close proximity to Pes events. The frequency of Pes and cRIP 

events differs with different AHI index. Based on the data from Peristimulus histogram, the 

association between Pes and cRIP for measuring respiratory effort events was found. If Pes 

event occurred (both, Pes crescendo and/or Pes sustained) in a time window of 0-20 sec 

after, the novel signal, cRIP-1, was considered. cRIP-1 follows shortly after Pes appearance, 

i.e. first the respiratory effort increases, then in turn the respiratory drive to breathe 

increases, see Figure 6 (trace Pes and cRIP-1). For cRIP-2 another time window was used, 

since cRIP-2 behaved differently. cRIP-2 was considered if Pes event was found around it, 

i.e. 5 seconds before or 15 seconds after Pes. cRIP-2 event appears to arise approximately at 

the same time as Pes, see Figure 6 (trace Pes and cRIP-2).  
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Figure 8: Peristimulus time histograms showing data from the first 4 subjects. Red arrows indicate the onset 

of Pes events (0 sec). The plots show the timing of cRIP-1 and cRIP-2 events compared to Pes 

events. The figures are drawn to the same scale (x axis: -60 sec - +60 sec; y axis: 0-20 Hz.) 

Abbreviations: AHI: apnea-hypopnea index; cRIP: calibrated respiratory inductive 

plethysmography; Pes_cres: Pes crescendo; Pes_sus: Pes sustained. 

 

3.3.2 Sensitivity and positive predictive value (PPV) 

 

The sensitivity and positive predictive value was calculated. cRIP events were compared 

with Pes events. The comparison was done separately between Pes and cRIP-1 and Pes and 

cRIP-2 events. The results are shown in Table 2 and Figure 6.  
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Table 2: The sensitivity and positive predictive value (PPV) of different respiratory effort measures. The 

results were all compared to the results obtained by manually scoring the esophageal pressure 

measure events. Abbreviations: PPV, positive predictive value; cRIP, calibrated respiratory inductive 

plethysmography index; N1, sleep stage 1; N2, sleep stage 2; N3, sleep stage 3; REM, sleep stage 

REM. 

Respiratory effort Mean (min-max) Sensitivity PPV 

cRIP-1 16.8 (1.4-58.9) 0.47 0.56 

cRIP-1 N1 17.4 (0.0-65.5) 0.97 1.00 

cRIP-1 N2 17.2 (0.0-50.2) 0.56 0.60 

cRIP-1 N3 15.3 (0.5-93.4) 0.60 0.34 

cRIP-1 REM 15.6 (0.0-55.1) 0.36 0.72 

cRIP-2 23.5 (2.1-57.1) 0.50 0.43 

cRIP-2 N1 20.3 (0.0-65.5) 0.58 0.53 

cRIP-2 N2 23.0 (0.5-52.4) 0.60 0.48 

cRIP-2 N3 17.0 (0.0-69.6) 0.66 0.34 

cRIP-2 REM 28.6 (3.9-54.0) 0.75 0.82 
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3.3.2.1 Pes events compared to cRIP-1 and cRIP-2 events  

 

A total of 3554 Pes events, 3101 cRIP-1 events and 4242 cRIP-2 events were used for 

analysis. 1767 Pes events were followed by cRIP-1 events (0-20 seconds after the Pes 

events). The sensitivity and PPV of scoring respiratory effort events manually using Pes 

compared to cRIP-1 was 0.47 and 0.56, respectively. 2039 Pes events were in close 

proximity to cRIP-2 events (-5 to 15 seconds after the Pes event). The sensitivity and PPV 

of scoring respiratory effort events manually using Pes compared to cRIP-2 was 0.50 and 

0.43, respectively (see Table 2). There was no significant difference between sensitivity for 

cRIP-1 versus Pes and cRIP-2 versus Pes (p=0.80). 

3.3.2.2 Pes compared to cRIP-1 and cRIP-2 in different sleep stages 

 

 In sleep stage N1, a total of 410 Pes events, 302 cRIP-1 events and 406 cRIP-2 events were 

used for analysis. 203 Pes events were followed by cRIP-1 events and 193 Pes events were 

in close proximity to cRIP-2 events. For sleep stage N2, a total of 1699 Pes events, 1514 

cRIP-1 events and 2072 cRIP-2 events were used in the analysis. 949 Pes events were 

followed by cRIP-1 events and 953 Pes events were in close proximity to cRIP-2 events. 

For sleep stage N3, a total of 339 Pes events, 665 cRIP-1 events and 707 cRIP-2 events 

were used in the analysis. 220 Pes events were followed by cRIP-1 events and 224 Pes 

events were in close proximity to cRIP-2 events. For sleep stage REM, a total of 1106 Pes 

events, 638 cRIP-1 events and 958 cRIP-2 events were used in the analysis. 395 Pes events 

were followed by cRIP-1 events and 669 Pes events were in close proximity to cRIP-2 

events.  

The sensitivity and PPV values for scoring respiratory effort events manually using Pes 

compared to cRIP-1 and cRIP-2, in all sleep stages, are shown in Table 2. 
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Post-hoc analyses showed a significant difference in the sensitivity of Pes followed 

by cRIP-1 in sleep stage N1, between N2 and REM sleep stages (p<0.001). Also, between 

cRIP-1, N1 and N3 (p=0.001), see Figure 9. 

 

  

Figure 9: A comparison of the sensitivity and positive predictive value (PPV) of different respiratory effort 

measures. The scored events from esophageal pressure manometry (Pes), were used as a trigger 

and the calibrated respiratory inductance plethysmography (cRIP) events, were compared to it. 

All signals were scored manually, for all subjects, whole night recording. 
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3.4 Association between respiratory effort measured with Pes and 

cRIP 

 
The strength of the linear relationship between two sets of data, Pes and cRIP scored events, 

is shown in Figure 10A,C. The correlation coefficient between the number of respiratory 

effort events per patient determined by Pes measurement and cRIP-1 and cRIP-2 was 0.66 

and 0.34, respectively. The agreement between two aforementioned methods to assess 

respiratory effort quantitatively is shown in Figure 10B,D. The Bland-Altman plots show 

the bias between the mean differences in both methods, i.e. Pes and cRIP events. The 

agreement interval is also shown, where 95% of the differences of the second method, 

compared to the first one, fall.  

 

Figure 10: The association between esophageal pressure (Pes) events and calibrated respiratory 

inductive plethysmography (cRIP) events. A) Correlation between respiratory effort (RE), measured 

with Pes and cRIP-1 index (r=0.66). B) Bland-Altman plot. Relation between the difference in Pes 

index and cRIP-1 index and the mean of Pes index and cRIP-1 index. C) Correlation between RE, 

measured with Pes and cRIP-2 index (r=0.34). D) Bland-Altman plot. Relation between the 

difference in Pes index and cRIP-2 index and the mean of Pes index and cRIP-2 index. Red line in A 

and C plot represent the regression line. B and D plot:  -: mean of the difference between both 

methods; ---: 95% confidence interval. 
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3.5 Association between RERA acquired with Pes and cRIP 

 
The strength of the linear relationship between two sets of data, for Pes and cRIP related 

arousals, is shown in Figure 11A,C. The correlation index between the number of arousals 

determined by Pes compared to cRIP-1 and cRIP-2 was 0.88 and 0.44, respectively. The 

agreement between two aforementioned methods to assess RERA is shown in Figure 

11B,D. The Bland-Altman plots show the bias between the mean differences in both 

methods, i.e. Pes and cRIP related arousals events. The agreement interval is also shown, 

where 95% of the differences of the second method, compared with the first one, fall.  

 

Figure 11: The association between arousals preceded by Pes events and cRIP events. A) Correlation 

between arousals preceded by esophageal pressure (Pes) manometry and cRIP-1 (r=0.88). 

B) Bland-Altman plot. Relation between the difference in arousals preceded by Pes and 

cRIP-1 and the mean of arousals preceded by Pes and cRIP-1. C) Correlation between 

arousals preceded by Pes and cRIP-2 (r=0.44). D) Bland-Altman plot. Relation between the 

difference in arousals preceded by Pes and cRIP-2 and the mean of arousals preceded by 

Pes and cRIP-2. Red line in A and C plot represent the regression line. B and D plot:  -: 

mean of the difference between both methods; ---: 95% confidence interval. 
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Discussion 
 

In the current study we investigated two novel signals, cRIP-1 and cRIP-2 and compared 

them to highly invasive Pes manometry. We showed that these signals are temporally 

correlated. Moreover, we showed that cRIP-1 is a highly sensitive predictor for respiratory 

effort in non-REM sleep stage 1. Finally, both cRIP-1 and cRIP-2, precede the arousals 

during sleep.  

4.1 Comparison of different measures for respiratory effort 

 
Two types of Pes events were scored, i.e. Pes crescendo and Pes sustained, according to 

scoring criteria from a previous study, Guilleminault et al., (2001). However, the lack of an 

international consensus regarding scoring rules for Pes events, which is often called a “gold 

standard” for respiratory effort measurement, is a limitation on this study.
9 

Here, these two 

types of events were combined for the comparison of the cRIP signal, since the main 

purpose was to compare these two methods, independent of type of Pes events. In the future 

studies, more precise comparison should be conducted, where Pes crescendo and Pes 

sustained are separately compared to cRIP-1 and cRIP-2. However, our study replicates and 

extends findings from Guilleminault et al. (2001) showing that Pes events were sleep stage 

dependent (data not shown). Patterns with Pes crescendo are predominant in sleep stage 2 

NREM, while Pes sustained patterns are frequently seen in sleep stage 3 NREM.  

Firstly, the distribution of the Pes index in different sleep stages and different 

positions (i.e. supine and non-supine) was carried out. Secondly, the Peristimulus histogram 

was composed to show the distribution of novel signals across Pes events. The results show 

a significant difference between sleep stages (N3 and REM), but no difference was found 

between positions, see Figure 7.  Our data shows contradictory results regarding respiratory 

effort in different sleep stages. Most studies
16, 18

 report a lower respiratory effort (i.e. less 

negative peak end inspiratory Pes) response to an obstruction during REM sleep than non-
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REM sleep. Furthermore, Carberry et al. (2015) showed, that the upper airway collapsibility 

measured with passive pharyngeal critical closing pressure (Pcrit) is higher during REM 

versus sleep stage 3 NREM. These findings underline the fact that the muscle tone during 

REM sleep decreases and the response to an obstruction becomes less. However, in our 

study the event counting is used instead of measurement of peak end inspiratory wave and 

the duration of continuous high effort. Moreover, Pes crescendo and Pes sustained events 

were counted as the same Pes event. Thus, the occurrence of Pes events was independent of 

their amplitude and length. Therefore, our findings do not contradict directly to the 

previously reported conclusions. Due to the significant variations in Pes between sleep 

stages, further analysis was limited to evaluation of cRIP versus Pes in all sleep stages, 

rather than positions. 

The aforementioned sleep stage analysis was used as a basis for further sensitivity 

calculations. Firstly, the sensitivity and PPV was found for Pes and cRIP independently of 

sleep stages. Our data shows that cRIP belts can identify respiratory effort with a sensitivity 

of 0.47 for cRIP-1 and 0.50 for cRIP-2. The PPV value for cRIP-1 and cRIP-2 was 0.56 and 

0.43, respectively (see Figure 9). Loube et al. (1999), revealed similar findings for the 

sensitivity. They calculated the ratio of peak inspiratory flow to mean inspiratory flow 

(PIFMF) from uncalibrated RIP belts, during quiet wakefulness and with 40 randomly 

selected breaths in the supine position for two conditions; sleep stage 2 and prior to arousals 

in any sleep stage. Subsequently, the mean PIFMF was calculated for each condition. In 

their study, the sensitivity of RIP to detect upper airway resistance syndrome (UARS) was 

0.67 for sleep stage 2 and for the selected breaths prior to arousals in any sleep stage the 

sensitivity was 1.00.
19

 Secondly, additional calculations, where implemented, wherein cRIP 

signals were divided into sleep stages. The results show significant difference between 

cRIP-1 sleep stage N1 and cRIP-1 for all other sleep stages. From this findings we conclude 

that cRIP-1 measure is more sensitive just after the sleep onset, at that time the respiratory 
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drive to breathe is quite high, compared to other sleep stages. Colrain et al. (1987) studied 

ventilation during sleep onset and concluded in his study that the ventilation falls at sleep 

onset, thus the waking neural respiratory drive is reduced. Furthermore, the rapid change in 

ventilation systematically relates to the change in EEG, from alfa- to delta-activity. Those 

findings suggest that the neural structures are involved in respiratory pattern as sleep 

proceeds.
20

 

Subsequently, apart from the sensitivity calculations, the overall correlation 

coefficient between cRIP-1 and cRIP-2 indices and Pes index was calculated. The values 

were 0.66 and 0.34, respectively, for all subjects, in all sleep stages and positions. This is 

probably due to the underestimation of cRIP-1 and cRIP-2 events. First of all, the mean 

increase cutoff value (gain factor), which was used for the scoring of cRIP events, might be 

too high as well as vary with different sleep stages. As mentioned above, during respiratory 

effort events the peak end inspiratory is less in REM sleep stage. This can cause an 

underscoring of the cRIP events. Further investigation has to be made in order to get deeper 

understanding on the cRIP signals. The next step would be calculating different cRIP gain 

factors for different sleep stages and comparing them to the Pes.  

Finally, the correlation index between arousals preceded by Pes and cRIP-1 and Pes 

and cRIP-2 was calculated. The values were 0.88 and 0.44, respectively. Given that cRIP-1 

measures the respiratory drive to breathe, it is reasonable to assume that the increased drive 

to breathe leads more often to an arousal during sleep. These results were calculated 

independently of sleep stages, thus the correlation might vary from one sleep stage to 

another. As previously mentioned, several physiological traits are believed to be responsible 

for the arousals threshold.
4
 Similarly, the variability in loop gain, or respiratory stability 

during whole night, can differ within subjects, e.g. patients with severe OSA show higher 

loop gain.
21

 The pathophysiology of pharynx and esophagus changes with sleep stages and 

as the sleep proceeds into slow-wave sleep (SWS), the less active the anatomical control 
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system becomes, i.e. the muscle tonus decreases. These circumstances can lead to collapse 

of the airway, which in turn can lead to the instability in respiratory control. Subsequently, 

the ability of the control system to amplify ventilation in response to stimulus or 

perturbation can decrease. This instability often causes RERAs, if insufficient respiratory 

drive is provided by the control system.
4
  

Currently, both anatomical and neural control of dilator muscles and their regulation 

of the upper airway in humans during sleep is intensively studied. These muscles are under 

chemoreceptor control, which is not fully understood in OSA, but has been shown to affect 

and produce repetitive series of respiratory under- and overshoots while sleeping.
21

 In our 

study, there is some correlation between new cRIP signals and the traditional Pes signal. 

Since we believe that the cRIP-1 is thought to reflect the respiratory drive to breathe, one 

might conclude that it is a good candidate for assessing the degree of upper airway 

regulation, during sleep, quantitatively.   

 OSA is a multifactorial syndrome
2
 and it is diagnosed according to the AHI index, 

which is an approximation of the OSA severity. As Farney et al. (2011) points out, this 

index may not necessarily correlate with symptoms described by the patient. In that case, 

the severity of the disease may not be represented. Increased fatigue or somnolence are 

often reported among with other risk factors, i.e. comorbidities, thus low AHI (< 15) 

patients may still require therapy.
22

 

To the best of our knowledge, this type of signal division has not been done before. 

However, Vandenbussche et al. (2014), suggests similar approach.
9
 Pes has been compared 

with RIP belts before, but few studies use Pes events for the comparison
9,19

 and instead use 

the number of RERAs measured with both methods for comparison.
23
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4.2 Clinical importance 

 
The clinical question of increased respiratory effort arose in 1993, when Guilleminault et al. 

(1993), described the upper airway resistance syndrome (UARS).
24

 Subjects reporting 

snoring have  been shown to be at increased risk of adverse health effects, including 

increased sleepiness
25, 26

 worse subjective work performance
27

 and morning headaches.
28

 In 

children, history of habitual snoring has been shown to be associated with similar adverse 

neurocognitive
29

 and behavioral deficits as in children with obstructive sleep apnea.
30, 31

 

However, the majority of the literature is limited by the use of self-reported measures 

instead of objective measurements.  

The increased respiratory effort has been linked to an increase in severity of atrial 

fibrillation (AF), which is the most common cardiac arrhythmia, with increasing prevalence 

throughout past decades.  During repetitive and increased respiratory effort events, there are 

frequent changes in the intra-thoracic pressure, which are transmitted to the thin walled 

atria, causing them to stretch. This in turn may result in atrial enlargement over longer 

period of time. Furthermore, the structural changes in pulmonary vein ostia can result in 

development of atrial fibrillation.
32

 Respiratory effort related arousals (RERA) have been 

shown to be associated with an increase in cardiac sympathetic modulation.
33

 The degree of 

cardiovascular alteration may vary with OSA severity. Therefore patients with low AHI, 

may be more vulnerable to elevated sympathetic tone during sleep, which in turn, may be 

implicated in the development into observable cardiovascular diseases.
33

 Our attempts to 

develop new signals derived from non-invasive method may help in cases of mild sleep 

disordered breathing where a more sensitive method is needed than the AHI to determine 

disease severity. 
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4.4      Conclusions  

 
Pes is highly invasive method of measurement that has been shown to negatively affect 

sleep quality
9
, therefore the development of a noninvasive method to measure respiratory 

effort is needed. In this regard, we introduced two novel signals, cRIP-1 and cRIP-2, 

derived from cRIP belts. cRIP signals, as currently derived, fail to replace Pes manometry, 

as a direct measure of respiratory effort. cRIP-1 is a better signal for predicting RERA than 

cRIP-2, thus, cRIP-1 is a strong candidate to serve as a replacement to the highly invasive 

Pes method.  

 

 

 

 

  



 

38 
 

References 

 
1. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-

disordered breathing among middle-aged adults. N Engl J Med 1993;328:1230-5. 

2. Thorarinn Gislason OS. Obstructive sleep apnoea in adults. Eur Respir Monogr 

2014:88-105. 

3. Arnardottir ES, Bjornsdottir E, Olafsdottir KA, Benediktsdottir B, Gislason T. 

Obstructive sleep apnoea in the general population: highly prevalent but minimal 

symptoms. 2015. 

4. Wellman A, Eckert DJ, Jordan AS, et al. A method for measuring and modeling the 

physiological traits causing obstructive sleep apnea. 2011. 

5. Fogel R, Malhotra A, White D. Sleep · 2: Pathophysiology of obstructive sleep 

apnoea/hypopnoea syndrome. Thorax 2004;59:159-63. 

6. Webster JG. Medical Instrumentation Application and Design. 4 ed, 2009. 

7. Vandenbussche NL, Overeem S, van Dijk JP, Simons PJ, Pevernagie DA. 

Assessment of respiratory effort during sleep: Esophageal pressure versus noninvasive 

monitoring techniques. Sleep Med Rev 2014;24C:28-36. 

8. Berry RB, Brooks R, Gamaldo CE, et al. The AASM manual for the scoring of sleep 

and associated events: rules, terminology, and technical specification, Version 2.1. Darien, 

IL: American Academy of Sleep, 2014. 

9. Sackner MA, Watson H, Belsito AS, et al. Calibration of respiratory inductive 

plethysmograph during natural breathing. J Appl Physiol (1985) 1989;66:410-20. 

10. Brüllmann G, Fritsch K, Thurnheer R, Bloch KE. Respiratory monitoring by 

inductive plethysmography in unrestrained subjects using position sensor-adjusted 

calibration. Respiration 2010;79:112-20. 

11. Millard RK. Key to better qualitative diagnostic calibrations in respiratory inductive 

plethysmography. Physiol Meas 2002;23:N1-8. 

12. Strömberg NO. Error analysis of a natural breathing calibration method for 

respiratory inductive plethysmography. Med Biol Eng Comput 2001;39:310-4. 

13. Sveinbjorn Hoskuldsson, Haraldur Tomas Hallgrimsson, Gudjon Teitur Sigurdarson; 

Nox Medical, assignee. Method, apparatus, and system for measuring respiratory effort. 

United States patent US 20150126879A1. 2015. 

14. Kuna ST, Benca R, Kushida CA, et al. Agreement in computer-assisted manual 

scoring of polysomnograms across sleep centers. Sleep 2013;36:583-9. 

15. Arnardottir ES, Thorleifsdottir B, Svanborg E, Olafsson I, Gislason T. Sleep-related 

sweating in obstructive sleep apnoea: association with sleep stages and blood pressure. J 

Sleep Res 2010;19:122-30. 

16. Guilleminault C, Poyares D, Palombini L, Koester U, Pelin Z, Black J. Variability of 

respiratory effort in relation to sleep stages in normal controls and upper airway resistance 

syndrome patients. Sleep Med 2001;2:397-405. 

17. Giavarina D. Understanding Bland Altman analysis. Biochem Med (Zagreb) 

2015;25:141-51. 

18. Krieger J, Sforza E, Boudewijns A, Zamagni M, Petiau C. Respiratory Effort During 

Obstructive Sleep Apnea : Role of Age and Sleep State. CHEST Journal 1997;112:875-84. 

19. Loube DI, Andrada T, Howard RS. Accuracy of respiratory inductive 

plethysmography for the diagnosis of upper airway resistance syndrome. Chest 

1999;115:1333-7. 

20. Colrain IM, Trinder J, Fraser G, Wilson GV. Ventilation during sleep onset. J Appl 

Physiol (1985) 1987;63:2067-74. 



 

39 
 

21. Dempsey JA, Veasey SC, Morgan BJ, O'Donnell CP. Pathophysiology of Sleep 

Apnea. 2010. 

22. Farney RJ, Walker BS, Farney RM, Snow GL, Walker JM. The STOP-Bang 

Equivalent Model and Prediction of Severity of Obstructive Sleep Apnea: Relation to 

Polysomnographic Measurements of the Apnea/Hypopnea Index. J Clin Sleep Med 

2011;7:459-65. 

23. Masa JF, Corral J, Martín MJ, et al. Assessment of thoracoabdominal bands to detect 

respiratory effort-related arousal. Eur Respir J 2003;22:661-7. 

24. Guilleminault C, Stoohs R, Clerk A, Cetel M, Maistros P. A cause of excessive 

daytime sleepiness. The upper airway resistance syndrome. Chest 1993;104:781-7. 

25. Svensson M, Franklin KA, Theorell-Haglöw J, Lindberg E. Daytime sleepiness 

relates to snoring independent of the apnea-hypopnea index in women from the general 

population. Chest 2008;134:919-24. 

26. Tassi P, Schimchowitsch S, Rohmer O, et al. Effects of acute and chronic sleep 

deprivation on daytime alertness and cognitive performance of healthy snorers and non-

snorers. Sleep Med 2012;13:29-35. 

27. Ulfberg J, Carter N, Talbäck M, Edling C. Excessive daytime sleepiness at work and 

subjective work performance in the general population and among heavy snorers and 

patients with obstructive sleep apnea. Chest 1996;110:659-63. 

28. Ulfberg J, Carter N, Talbäck M, Edling C. Headache, snoring and sleep apnoea. J 

Neurol 1996;243:621-5. 

29. Brockmann PE, Urschitz MS, Schlaud M, Poets CF. Primary snoring in school 

children: prevalence and neurocognitive impairments. Sleep Breath 2012;16:23-9. 

30. Jackman AR, Biggs SN, Walter LM, et al. Sleep-disordered breathing in preschool 

children is associated with behavioral, but not cognitive, impairments. Sleep Med 

2012;13:621-31. 

31. Urschitz MS, Eitner S, Guenther A, et al. Habitual snoring, intermittent hypoxia, and 

impaired behavior in primary school children. Pediatrics 2004;114:1041-8. 

32. Goyal SK, Sharma A. Atrial fibrillation in obstructive sleep apnea. World J Cardiol 

2013;5:157-63. 

33. Narkiewicz K, Montano N, Cogliati C, van de Borne PJ, Dyken ME, Somers VK. 

Altered cardiovascular variability in obstructive sleep apnea. Circulation 1998;98:1071-7. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

40 
 

Appendix A  
  

 

 
   

     

 
 

Samþykkisyfirlýsing þátttakenda 
 
Með undirskrift minni hér að neðan votta ég vilja minn til þátttöku í ofangreindri rannsókn, “ 
Ný mælingaraðferð til mats á öndunarerfiði í svefni” og að mér hafi verið gefinn nægur tími 
til að kynna mér efni þessarar samþykkisyfirlýsingar og fengið viðunandi svör við 
spurningum mínum. 

                                                                        JÁ           NEI 
 
Ég samþykki að taka þátt í svefnmælingu  
með þrýstingsnema                                  o                 o                          
Ég samþykki að svara spurningalistum                              o                 o      
                                   
Ég samþykki að undirgangast líkamsmælingar                  o                 o      
 
Ég samþykki að vera með blóðþrýstingsmæli í 24-klst      o                 o                          
Ég samþykki að taka þátt í mælingu á  
öndunarviðbragði við súrefnisskorti            o                 o      
                                   
Ég samþykki að upplýsingar um mig verði varðveittar            
innan Landspítala eftir að rannsókn lýkur. Öllum gögn- 
um verður eytt að rannsókn lokinni veiti viðkomandi  
ekki samþykki hér fyrir varðveislu þeirra.           o                 o      
 
 
 

 

Nafn þátttakenda      

 dagsetning 
 
 
 

Starfsmaður rannsóknar      dagsetning 
  
 Samþykkið er í tvíriti og heldur þú öðru en við í rannsóknarteyminu hinu.     
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Appendix B  

 
                                                                                     

 

 

 

 

Ný mælingaraðferð til mats á öndunarerfiði í svefni 
 

Kæri viðtakandi.  

Ofangreind rannsókn er gerð á vegum Lungnadeildar, Landspítala 

háskólasjúkrahúss í samvinnu við Háskólann í Reykjavík, Háskóla Íslands og 

fyrirtækið Nox Medical. Hún er hluti af meistaranámi Mörtu Serwatko. 

 

Ábyrgðarmaður rannsóknar: 

Þórarinn Gíslason   Prófessor, læknadeild Háskóli Íslands  

Yfirlæknir Lungnadeild, Landspítali,Sími: 543-1000  

Tölvufang: thorarig@landspitali.is 

Aðrir rannsakendur:  

Marta Serwatko     Meistaranemi, Tækni-og Verkfræðideild, Háskólinn í 

Reykjavík og Svefnmælifræðingur, Landspítali  

Erna Sif Arnardóttir   Forstöðumaður Svefnrannsókna, Landspítali  

    Nýdoktor, Læknadeild Háskóla Íslands 

Karl Ægir Karlsson  Prófessor, Háskólinn í Reykjavík 

Sveinbjörn Höskuldsson  Þróunarstjóri, Nox Medical 

 

Markmið og tilgangur rannsóknarinnar:  

Öndunartruflanir í svefni stafa af þrengslum í koki og heyrast oft háværar hrotur 

þegar einstaklingurinn reynir að draga að sér loft með kröftugri innöndun. Kæfisvefn 

einkennist af endurteknum öndunarhléum sem nútíma mælitækni á auðvelt með að 

greina, en sjálf þrengslin – án þess að um öndunarstopp sé að ræða er erfitt að 

greina. Tilgangur þessa verkefnis er að prófa og sannreyna gagnsemi nýrrar 

mæliaðferðar, sem umsækjendur hafa hannað til að meta öndunarerfiði út frá 

hefðbundnum öndunarbeltum í svefnmælingu. Til þess þarf samanburð við beina 
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mælingu á öndunarerfiði  með þrýstingsnema í véllinda og getum við með slíkum 

samanburði metið hvort hin nýja mæliaðferð er nægilega fullkomin.  Mikil þörf er 

fyrir framþróun á þessu sviði, vegna þess mikla fjölda bæði fullorðinna og þó 

einkum barna sem eru á svokölluðu „gráu svæði“, þ.e. mörkum öruggrar klínískrar 

greiningar á kæfisvefni og þess að vera fullfrískir með núverandi 

greiningaraðferðum. Mikilvægt er því að sannreyna gildi nýrrar mælitækni til að 

stuðla að bættum greiningaraðferðum svefnháðra öndunartruflana og bættri 

meðferð þeirra. Einnig verða tengsl aukins öndunarerfiðis við næmi öndunarstöðva 

fyrir súrefnisskorti og sem áhættuþátt fyrir hækkun á blóðþrýstingi. 

 

Hvernig eru þátttakendur fundnir – þátttökuskilyrði: 

Rúmlega 30 einstaklingum verður boðin þátttaka til að ná 30 góðum mælingum 

(bæði konur og karlar). Bæði heilbrigðir einstaklingar og einstaklingar með 

kæfisvefn verða rannsakaðir. Boðið verður  einstaklingum sem þegar hafa komið í 

svefnrannsókn, eru á biðlista eftir svefnrannsókn og einstaklingum án þekktra 

svefnvandamála og stefnt að því að fá góða dreifingu á líkamsþyngdarstuðli, aldri 

og kyni.  

 

Hvað felst í þátttöku: 

Heimsókn á Landspítalann er eitt skipti og felur í sér eftirfarandi:  

1. Þátttakendur sofa eina nótt með hefðbundinn búnað til að mæla svefn, þ.e. 

svefnstig, örvökur, öndun, hrotur, súrefnismettun, hjartalínurit ásamt mælingu á 

fótahreyfingum, svitnun, og þrýstingsnema í véllinda, sem mælir öndunarerfiði í 

svefni. Þrýstingsnemi í véllinda er mjó slanga sem þrædd er í gegnum nefið og 

langleiðina niður í maga á sama hátt og gert er í 24 tíma bakflæðismælingum. 

Þátttakendur sofa eina nótt á Svefnrannsóknarstofu Landspítalans í Fossvogi 

eða heima með tækjabúnaðinn. Sjá meðfylgjandi skýringarmyndir aftast í 

skjalinu. 

2. Þátttakendur munu einnig svara spurningalista um svefn sinn og mæld verður 

hæð, þyngd, blóðþrýstingur ásamt ummáli brjóstkassa og kviðs.  

3. Þátttakendur taka þátt í mælingu á öndunarviðbragði við súrefnisskorti á 

lungnarannsóknarstofu. Prófið fer fram á þann hátt að þátttakendur anda að sér um 

munnstykki andrúmslofti sem inniheldur stöðugt minna súrefni. Mælt er hvernig öndunin 

breytist og þegar þú finnur fyrir mæði (upplifir að fá ekki nóg loft) er prófinu hætt. Þessi 

tilfinning gengur yfir nær strax að loknu prófinu. Prófið tekur u.þ.b. 20 mín. 
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4. Þátttakendur fara heim með 24-klst blóðþrýstingsmæli sem hefur verið settur er á 

handlegg og  mælir blóðþrýsting með jöfnu millibili næsta sólarhringinn. Mælingar eru 

skráðar í lítið tæki sem borið er í belti um mittið. Tækinu er skilað á 

Svefnrannsóknarstofu Lungnadeildar A3 næsta dag. 

 

Hvernig verður farið með lífsýni og þær upplýsingar sem ég gef í 

rannsókninni? 

Farið verður með allar upplýsingar sem þátttakendur veita í þessari rannsókn 

samkvæmt ströngustu reglum um trúnað og nafnleynd og farið að íslenskum lögum 

varðandi persónuvernd, vinnslu og eyðingu frumgagna. 

 

Rannsóknargögn verða varðveitt á öruggum stað hjá ábyrgðarmanni á meðan á 

rannsókn stendur. Óskað verður eftir leyfi þínu til að varðveita upplýsingar um þig 

innan Landspítala. Ef þú ert ekki samþykkur því, munum við eyða öllum 

upplýsingum um þig strax við lok rannsóknar. Fyrirtækið Nox Medical mun vinna 

með okkur að úrvinnslu á gögnunum á grunni samstarfssamnings Nox og LSH. Þeir 

sjá aldrei persónugreinanleg gögn. Gögn verða varðveitt á Landspítala eftir 

úrvinnslu. 

 

Ráðgert er að birta niðurstöður rannsóknarinnar í alþjóðlegum vísindatímaritum, en 

allar niðurstöður eru þá ópersónugreinanlegar. Rannsóknin er unnin með samþykki 

Vísindasiðanefndar og Persónuverndar. 

 

Get ég neitað að taka þátt í rannsókn eða hætt eftir að ég hef byrjað þátttöku? 

Þér er frjálst að hafna þátttöku eða hætta í rannsókninni án útskýringa á hvaða stigi 

sem er og án þess að sú ákvörðun þín breyti þeirri meðferð og þjónustu sem þér 

stendur til boða fyrir þátttöku. Öllum upplýsingum sem safnað hefur verið um þig 

verður eytt ef þú hættir í rannsókninni og rannsakendum gert ókleift að rekja 

dulkóða til þín.   

 

Ef þú hefur spurningar um rétt þinn sem þátttakandi í vísindarannsókn eða vilt 

hætta þátttöku í rannsókninni getur þú snúið þér til Vísindasiðanefndar, 

Hafnarhúsinu, Tryggvagötu 17, 101 Reykjavík. Sími: 551-7100. 
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Hef ég ávinning af því að taka þátt í rannsókninni? 

Ávinningur við þátttöku er fyrst og fremst að stuðla að vísindarannsókn sem mun 

auka þekkingu á öndunartruflunum í svefni og mun nýtast sjúklingum í framtíðinni.  

Ávinningur fyrir þátttakendur er að þeir fá mjög greinargóða vitneskju um sinn svefn 

og hvort svefnháðar öndunartruflanir á vægu stigi (t.d. þrenging í efri öndunarvegi), 

sem greinast ekki með einfaldari mælibúnaði, eru til staðar. Rannsóknin er 

þáttakendum að kostnaðarlausu. Þeir sem greinast með svefnháðar 

öndunartruflanir verður boðið upp á viðeigandi meðferð á sama hátt og öðrum sem 

greinast innan heilbrigðiskerfisins.  

 

Er einhver hætta fólgin í þátttöku? 

Lítil sem engin hætta er fólgin í þátttöku. Einstaklingar geta þó oft upplifað óþægindi 

fyrst þegar vélindaneminn er þræddur gegnum nef. Þetta er einstaklingsbundið en 

lýsir sér í klígju eða kúgunarviðbragði sem minnkar þegar neminn er kominn niður í 

vélindað. Ef þátttakendur geta ekki tekið þátt í þessum þætti rannsóknarinnar verða 

þeir sjálfkrafa útilokaðir frá rannsókn þar sem þessi mæling er nauðsynleg fyrir 

framgang rannsóknarinnar. Þátttakendur geta að sjálfsögðu neitað þessum þætti 

rannsóknarinnar ef mikilla óþæginda verður vart og hætt þá um leið við þátttöku í 

vísindarannsókninni. Sambærilegar mælingar eru gerðar í klínískum tilgangi í 24 

klst hjá einstaklingum með grun um véllindabakflæði með stærri slöngu en notuð er 

í þessarri rannsókn. Einstaklingar geta einnig upplifað einhver óþægindi tengd 

svefnrannsókn, þ.e. þeir sofa ekki jafnvel og venjulega. 

 

Tryggingar 

Um tryggingu þátttakenda gagnvart mögulegum skaða gilda sömu reglur og farið 

hefur verið eftir í sambærilegum málum á Landspítala.   

 

Ef eitthvað er óljóst, hvern get ég spurt? 

Ef eitthvað er óljóst eða ef þú vilt frekari upplýsingar um þátttöku þína í 

rannsókninni hikaðu ekki við að spyrja. Hægt að leita til meistaranemans, Mörtu 

Serwatko, sem mun framkvæma þessa rannsókn, s:543-6680 og gsm 696-6777 

eða hafa samband við ábyrgðarmann. Við munum gera okkar besta að svara 

spurningum þínum.   
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Kær kveðja, 

með von um góðar undirtektir, 

 

 

 

 

Þórarinn Gíslason, Yfirlæknir og Prófessor   Júní, 2014 

Ábyrgðarmaður rannsóknar 

Sími: 543-1000  
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Lýsing á mælingarbúnaði 
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