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BACKGROUND: Respiratory inductance plethysmography (RIP) is a tool used during a poly-
somnogram (PSG), which serves as a surrogate of respiratory effort and can help detect
inspiratory air-flow limitation. We hypothesize that RIP can improve the sensitivity and spec-
ificity of scoring hypopneas when compared with both the recommended and acceptable cri-
teria of the American Academy of Sleep Medicine. METHODS: We retrospectively analyzed a
cohort of 12 subjects who had no obstructive sleep apnea (OSA) or mild OSA on PSG when
scored by the American Academy of Sleep Medicine acceptable criteria for hypopneas but had
high clinical suspicion for a diagnosis of OSA. These subjects were rescored using the American
Academy of Sleep Medicine recommended criteria as well as RIP. Hypopnea was scored when
there was a 50% decrease in the amplitude of the RIP sum channel (which combined input from
chest and abdominal belts). OSA was diagnosed if the subjects had >5 respiratory events/h of
sleep. The subject’s response to CPAP was assessed by using a short questionnaire called the
post-PSG sleep assessment. which evaluated subjective sleep quality. A positive response was
considered an improvement in the post-PSG sleep assessment score after CPAP use. RESULTS:
When scored using the American Academy of Sleep Medicine acceptable criteria, 10 subjects
had a negative study, and 2 subjects had mild OSA for a sensitivity of 11% and specificity of
50%. When scored using the recommended criteria, 10 subjects had OSA, and 2 were negative,
for a sensitivity of 78% and specificity of 70%. By RIP scoring, all 12 subjects had >5
respiratory events/h for a sensitivity of 100% and specificity of 75%. CONCLUSIONS: This small
retrospective pilot study showed improved sensitivity and specificity when scoring hypopneas by
RIP sum channel. Key words: polysomnography, respiratory inductance plethysmography, obstructive
sleep apnea [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Obstructive sleep apnea (OSA) is an extremely com-
mon disease in the United States and other industrial-
ized countries, with reported rates of 10 –20% in middle
age men.1,2 Untreated OSA is associated with increased
risk of coronary artery disease, cerebrovascular acci-

dents, uncontrolled diabetes, and other complications.3-6

Individuals suffering from OSA are less productive and
have increased health-care utilization and a higher risk
of motor vehicle accidents.7,8 Despite the profound im-
pact on personal health and detriment to society in gen-
eral, OSA remains a widely underdiagnosed disease.
Finkel et al9 found that 82% of adult surgical subjects in
a single academic medical center had undiagnosed OSA.
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The guidelines for diagnosing OSA on a polysomnogram
(PSG) have been established and outlined by the American
Academy of Sleep Medicine.10 In adults, an apnea is scored
when there is a �90% decrease in peak signal excursion of
pre-event baseline using an oronasal thermal sensor, positive
airway pressure device flow, or an alternative apnea sensor,
lasting for longer than 10 s. Hypopnea is scored when the
peak signal excursions decreases by �30% of pre-event base-
line using a nasal pressure transducer, a positive airway pres-
sure device flow, or an alternative sensor for �10 s in asso-
ciation with either �3% arterial oxygen desaturation or an
arousal. This rule for scoring hypopnea is classified as a
recommended criteria by the American Academy of Sleep
Medicine.10 The acceptable criteria for scoring hypopnea in-
cludes a signal excursion decrease of �30% of pre-event
baseline, duration of � 10 s, and �4% desaturation from
pre-event baseline.10 The authors of the scoring manual10

recommend that respiratory inductance plethysmography
(RIP) be used for identification of apneas only when the
oronasal thermal air-flow sensor is not functioning or the
signal is not reliable. Similarly, RIP should only be used for
scoring hypopneas when the nasal pressure transducer is not
functioning or the signal is not reliable.11 Since the scoring
manual10 does not endorse RIP as the first line diagnostic tool
in the identification of respiratory events, it is not used uni-
versally in sleep centers.

RIP is a diagnostic technique used during polysomnogra-
phy to evaluate patients’ respiratory effort on a continuous
basis. RIP consists of a driver module that generates an os-
cillating electrical current that travels through a wire inside
belts placed around the subject’s chest and abdomen. The
electrical current generates a magnetic field that is modified
by movement due to breathing. The signal is returned to the
driver module and changed to analog format. The output
displayed on the recording system is a representation of the
patients’ respiratory effort.11 A decrease in amplitude of the
combined input from the chest and abdominal belts indicates
a respiratory disturbance.

We hypothesized that RIP can improve the sensitivity
and specificity of scoring hypopneas when compared with
both the recommended (3% oxygen desaturation or arousal)
and acceptable (4% oxygen desaturation) criteria of the
American Academy of Sleep Medicine. Furthermore, pa-
tients with clinical features of OSA, but with a non-diag-
nostic PSG based on the recommended and acceptable
criteria, may benefit from CPAP if sleep-disordered breath-
ing is indicated by RIP.

Methods

We studied a cohort of 12 subjects (Table 1) who had
undergone PSG at the George Washington University
Medical Faculty Associates Center for Sleep Disorders.
Subjects who had no OSA or had mild OSA as scored

per Berry et al10 but had high clinical suspicion for the
diagnosis of OSA were included in the study. Subjects
with either low clinical suspicion of OSA or an apnea-
hypopnea index �15 based on acceptable or recom-
mended criteria were excluded from this study cohort.
This cohort included 7 men and 5 women. Age range
was 32– 60 y with a mean age of 39.8 y. All subjects
were either overweight or obese with mean body mass
index of 33.36 kg/m2. This research study was approved
by the institutional review board of the George Wash-
ington University. Subjects were initially screened in
the clinic by a sleep physician at our academic medical
center and referred for polysomnography, given a high
clinical suspicion for OSA, based on history and phys-
ical exam. Alice 5 software (Philips Respironics, Mur-
rysville, Pennsylvania) was used to conduct the PSG. A
nasal thermistor and nasal pressure transducer were used
to evaluate air flow during the study. Respironics Z-RIP
belts were used to evaluate respiratory effort. Initial
scoring was conducted by a registered polysomnographic
technologist using the American Academy of Sleep Med-
icine acceptable criteria in accordance with Medicare
guidelines13 to score hypopneas. A clinical diagnosis of
OSA was made when the apnea-hypopnea index was
�5 events/h of sleep.

Studies were rescored by the senior registered poly-
somnographic technologist, who was blinded to the orig-
inal scoring. This subsequent scoring included the Amer-
ican Academy of Sleep Medicine recommended criteria
for scoring hypopneas as well as an evaluation of the

QUICK LOOK

Current knowledge

Respiratory inductance plethysmography (RIP) is a
diagnostic technique used during a polysomnogram
that serves as a surrogate of respiratory effort and
can help detect air flow limitation. According to the
scoring manual published by the American Academy
of Sleep Medicine, RIP should only be used for scor-
ing respiratory events when traditional air flow sen-
sors are not functioning properly.

What this paper contributes to our knowledge

In a small retrospective pilot study, RIP showed im-
proved sensitivity and specificity for scoring hypop-
neas compared with American Academy of Sleep
Medicine recommended and acceptable criteria. Sub-
jects who were found to have sleep-disordered breath-
ing via RIP but not through traditional scoring tech-
niques derived symptomatic benefit from positive
airway pressure therapy.

RIP IMPROVED DIAGNOSIS OF OSA
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RIP sum channel. This channel combines input from
chest and abdominal belts. A respiratory event was scored
when there was a �50% decrease in the amplitude of
the RIP sum channel curve. OSA was diagnosed if the
subject had �5 respiratory events/h of sleep. These sub-
jects returned for a second overnight study with CPAP
titration. After each night in the sleep center, subjects
completed a post-PSG sleep assessment (Table 2), which
is a short questionnaire that evaluated their subjective
sleep quality. A subject’s response to CPAP was as-
sessed by comparing pre- and post-CPAP titration post-
PSG sleep assessment scores. A positive response after
CPAP use was considered an improvement in post-PSG
sleep assessment score and considered a surrogate for a
true positive diagnostic study.

Results

When scored using the American Academy of Sleep
Medicine acceptable criteria (4% desaturation to score hy-
popnea), 10 subjects had a negative study, and 2 subjects
had mild OSA (Table 3). When scored using the American

Academy of Sleep Medicine recommended criteria (3%
desaturation or arousal for scoring hypopnea), 2 subjects
still had a negative study, but the remaining 10 subjects
had mild to moderate OSA. When scored using the RIP
sum criteria, all 12 subjects had �5 respiratory events/h of
sleep.

Sensitivities and specificities for each of the 3 criteria
were then calculated. An increase in the post-PSG sleep
assessment score after a night with CPAP was considered
a true positive study (Table 4). This yielded a sensitivity of
11% and specificity of 50% when using the acceptable
criteria, a sensitivity of 78% and specificity of 70% when
scored using the recommended criteria, and a sensitivity of
100% and specificity of 75% when scored using the RIP
sum criteria (Table 5).

Discussion

In-laboratory PSG is considered the accepted standard
for diagnosing OSA; however, the cut-off apnea-hypopnea
index values for mild (�5), moderate (�15), and severe
OSA (�30) have been set arbitrarily and have not been
shown to correlate with clinical features, such as somno-
lence and cognitive impairment.12,14 Our results show that
RIP has improved sensitivity and specificity for scoring
respiratory events compared with the recommended and
acceptable American Academy of Sleep Medicine criteria.
To our knowledge, this is the first study that directly com-
pares these diagnostic methods. Air-flow obstruction can
be detected by RIP due to a phase shift in thoracic and
abdominal expansion (Fig. 1). During normal breathing,
there is synchronous expansion of the chest and abdomen.

Table 1. Subject Demographics

Subject Age* Sex BMI,† kg/m2 Epworth Score

1 32 Male 26.82 19
2 42 Male 25.58 4
3 47 Male 30.8 15
4 46 Male 32.74 15
5 32 Male 39.48 2
6 45 Female 38.27 15
7 60 Female 31.54 2
8 28 Male 38.5 7
9 33 Female 40.77 20
10 54 Female 41.15 10
11 58 Male 26.9 9
12 47 Female 27.8 8

* Mean age � 39.8 y old.
† Mean body mass index � 33.36 kg/m2.
BMI � body mass index

Table 2. Post-Polysomnogram Sleep Assessment

1. I feel more refreshed than usual this morning.
2. My quality of sleep last night was better than usual.
3. I slept deeper than usual last night.
4. I woke up fewer times than usual last night.
5. I slept longer than usual last night.
6. I feel better overall than usual this morning.

Responses were scored from 1 to 5 as follows: 1 � strongly disagree, 2 � slightly disagree,
3 � neither agree nor disagree, 4 � slightly agree, 5 � strongly agree.

Table 3. Respiratory Events

Subject
AASM Criteria

RIP
Acceptable Recommended

1 0.9 15.7 18.1
2 0.3 3.3 27.6
3 7.6 16.8 42.5
4 1.9 21.7 22.9
5 0.2 12.2 16.2
6 0.2 4.7 10.2
7 3.2 17.4 26.9
8 0 13.5 15.2
9 2.1 10.2 14
10 6.4 19.4 27.6
11 1.9 6.6 19.3
12 0.2 19.7 24.2

Respiratory events/h of sleep were scored by the American Academy of Sleep Medicine
acceptable and recommended criteria as well as respiratory inductance plethysmography. A
score of �5 events/h was considered diagnostic for obstructive sleep apnea.
AASM � American Academy of Sleep Medicine
RIP � respiratory inductance plethysmography
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Airway obstruction would create asynchronous respiratory
effort, which would be seen as a phase shift in signals from
chest and abdominal plethysmography belts. There would
be a decrease in amplitude in the sum channel signal.
Ultimately, an obstruction could cause a complete phase
shift in thoracic and abdominal movements, which would
result in paradoxical breathing. In this situation, signal
flattening would be seen on the sum channel. The patho-
physiology of respiratory obstruction in OSA makes RIP
an ideal diagnostic tool.

Several studies have looked at the utility of RIP in di-
agnosing subjects with respiratory obstruction during sleep.
Cantineau et al15 evaluated the accuracy of RIP during
wakefulness and sleep in obese subjects with OSA. In that
study, there was a mean error of 5.2% when minute ven-
tilation was measured by RIP compared with integrated
air-flow pneumotachography. It was concluded that quan-
titative measurement of ventilation by RIP is clinically
useful in obese subjects with OSA. The authors suggested

that it is appropriate to score hypopneas when a 50% de-
crease is seen in tidal volume assessed by RIP. We fol-
lowed this recommendation when scoring hypopneas by
RIP in our study.

Loube et al16 evaluated the accuracy of RIP in the de-
tection of respiratory event-related arousals and diagnosis
of upper-airway resistance syndrome as compared with the
accepted standard of esophageal pressure measurement.
The authors measured air flow via RIP by calculating the
ratio of peak inspiratory flow to mean inspiratory flow.
RIP-derived flow waveform flattening would occur as the
ratio would approach 1.0 and would indicate air-flow ob-
struction. This study showed that there was 100% sensi-
tivity and specificity for diagnosing upper-airway resis-
tance syndrome when the ratio of peak inspiratory flow to
mean inspiratory flow measurements were performed im-
mediately before arousal. Both sensitivity and specificity
values for diagnosis of upper-airway resistance syndrome
were lower (67 and 80%, respectively) when measure-
ments were made randomly in stage 2 sleep. These results
suggest that electroencephalography arousals should be
taken into account when evaluating air-flow obstruction
by RIP. We have not used this method in our study be-
cause we wanted to differentiate respiratory events diag-
nosed via RIP from the American Academy of Sleep Med-
icine recommended criteria.

Certain populations could especially benefit from im-
proved diagnostic capabilities of RIP. Guilleminault et al17

described a cohort of women with symptoms of increased
daytime somnolence who did not fit the conventional clin-
ical picture of sleep-disordered breathing due to low body
mass index and small neck circumference. These subjects
had a respiratory disturbance index of �5 by traditional
PSG and were mistakenly diagnosed as having chronic

Table 4. Post-Polysomnogram Sleep Assessment Scores

Subject PPSA Pre PPSA Post PPSA Sum

1 17 23 6
2 13 20 7
3 18 27 9
4 6 16 10
5 12 24 12
6 18 26 8
7 26 28 2
8 16 22 6
9 22 17 �5
10 19 17 �2
11 10 8 �2
12 6 19 13

The post-polysomnogram sleep assessment was conducted after the initial polysomnogram and
after CPAP titration to evaluate subjective sleep quality before and after CPAP use. A positive
number for the post-polysomnogram sleep assessment summation indicates subjective
improvement in sleep with CPAP.
PPSA pre � post-polysomnogram sleep assessment conducted after the initial polysomnogram
PPSA post � post-polysomnogram sleep assessment conducted after CPAP titration
PPSA sum � post-polysomnogram sleep assessment summation

Table 5. Sensitivity and Specificity of Diagnosing Obstructive Sleep
Apnea by American Academy of Sleep Medicine
Acceptable and Recommended Criteria as Well as
Respiratory Inductance Plethysmography in This Cohort

Diagnostic Method Sensitivity (%) Specificity (%)

Diagnostic criteria
Recommended 78 70
Acceptable 11 50

RIP 100 75

RIP � respiratory inductance plethysmography

Fig. 1. Normal breathing (A), phase shifting (B), and paradoxical
breathing (C and D) as correlated to analog signal by respiratory
inductance plethysmography. Courtesy Philips Respironics.
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fatigue syndrome. It was only through esophageal pressure
monitoring that the authors were able to make the diag-
nosis of upper-airway resistance syndrome. As described
above, RIP has been shown to correlate with esophageal
pressure monitoring in making the diagnosis of upper-
airway resistance syndrome.

An important limitation in our study is the lack of long-
term follow-up of these subjects receiving CPAP. A pos-
itive response to treatment is based on subjective data
from one night receiving CPAP. Long-term follow-up data
with both subjective and objective outcome measures would
certainly strengthen our argument. We did subsequently
review the charts of the subjects to assess their subjective
feelings about the response to CPAP, and all 12 subjects
noted subjective improvements in their symptoms. The
intention of our initial pilot study is to show a cohort of
subjects with high clinical suspicion of OSA in whom the
American Academy of Sleep Medicine standard diagnos-
tic criteria are of limited value, whereas the use of RIP
during the overnight PSG provides different and clinically
relevant results.

Conclusions

This small retrospective pilot study showed improved
sensitivity and specificity when scoring hypopneas by RIP
sum channel. Further investigations are needed to deter-
mine whether RIP should be routinely used by sleep cen-
ters to score respiratory events in addition to the scoring
per standard American Academy of Sleep Medicine diag-
nostic criteria.
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