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Abstract
Introduction Positional therapy has been described as add-on therapy to a mandibular advancement device, but the efficacy of
combination of positional therapy and positive airway pressure (PPAP) has not been documented. We have found PPAP therapy
as an effective method of titration in patients with difficult to treat OSA (obstructive sleep apnea).
Methodology This retrospective analysis was done in patients who had difficult to treat OSA, i.e., in whom titration in the supine
position was unacceptable with any PAP device (CPAP or bilevel PAP) and could only be successfully titrated with a PAP
device in the lateral position. This study describes our experience of PPAP therapy. Baseline characteristics and
polysomnography data of patients who were successfully titrated in supine v/s lateral positions were compared.
Results Of 272 consecutive patients with OSA selected for analysis, 218 patients (191 and 27 with CPAP and bilevel PAP,
respectively) could be successfully titrated in supine position. Further 54 (20%) patients in whom titration in supine position was
unacceptablewere titrated in lateral position. Patients titrated with PAP in the lateral position therapy group had higher BMI, higher
neck and waist circumference, and lower awake sPO2 and nadir sPO2 during sleep, and spent more time in sleep with sPO2 < 90%.
Conclusion Combination of positional therapy and PAP device is an effective way of titration for difficult to treat OSA patients. It
can be tried in patients who fail titration in supine position.
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Introduction

Obstructive sleep apnea (OSA) is a breathing disorder during
sleep which creates a mismatch in airflow and efforts for
breathing [8]. OSA is often associated with significant cardio-
vascular conditions, derangement in the quality of life such
as fatigability, excessive daytime sleepiness, insomnia,
nocturia in adults and poor attention span, enuresis, and poor
academic grades in children [5, 9, 10]. The main underlying
pathophysiology of OSA is hypoxemia and inflammation.

Currently, best available treatment of OSA is continuous
positive airway pressure (CPAP) which is usually effective
for most OSA patients. Positional therapy is also an alternative
for some of the patients who have almost normal sleep in non-
supine position. These patients have been described as younger,
with lower BMI and smaller neck, waist, and hip circumfer-
ences and with less prevalence of hypertension compared to
patients with non-positional OSA [17].

According to the American Academy of Sleep Medicine
(AASM) titration guidelines, patients with OSA should be
first titrated with CPAP and if apnea or hypopnea could not
be abolished till 15 cm H2O, then the patient can be titrated
with bilevel PAP [11]. The maximum pressure recommended
with bilevel PAP is 30 cm H2O in adults. AASM has graded
titration on basis of consensus into four types: optimal, good,
adequate, and inadequate. Titration is defined as optimal when
“apnea-hypopnea index (AHI) is reduced to less than 5 per
hour for at least a 15-min duration and should include supine
REM sleep at the selected pressure.” Good titration is defined
as when “AHI is reduced to ≤ 10 per hour or by 50% if the
baseline AHI < 15 per hour and should include supine REM
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sleep.” An adequate titration is defined as “one that does not
reduce the overnight AHI ≤ 10 per hour but does reduce the
AHI by 75% from baseline, or one in which the titration grad-
ing criteria for optimal or good are met with the exception that
supine REM sleep did not occur at the selected pressure.” An
unacceptable titration is one that does not meet any one of the
above grades.

In some patients with severe OSA, optimal or good titration
cannot be achieved with maximum CPAP pressures and then
they are titrated with bilevel PAP in supine position. If optimal
or good titration could not be achieved, then AASM recom-
mends repeating titration. At our referral sleep lab, we often
find some difficult to treat OSA (dOSA) patients in whom
optimal or good titration cannot be achieved with either
CPAP or bilevel PAP (even with maximum inspiratory pres-
sure of 30 cm H2O) in supine position. In these patients, su-
pine REM could not be achieved, and AHI could not be de-
creased by 75% from baseline, i.e., they do not evenmatch the
criteria for adequate titration. We have found that the only
way these patients can be managed is by titrating them in
lateral position. Position therapy has been advised as an im-
portant treatment option in isolation and in combination with
therapies like a mandibular advancement device [2] [6], but its
combination with any PAP device has never been described in
literature. In our experience, positional positive airway pres-
sure (PPAP) is effective for titration of difficult to treat OSA
patients. This study describes our experience of PPAP therapy
in our sleep lab.

Material and methods

Design and settings

A retrospective medical record review study was done in OSA
patients who were diagnosed in the sleep laboratory of AIIMS
Bhopal Hospital. Records of consecutive patients diagnosed
between June 2015 and July 2019 were extracted from our
sleep registry.

Data abstraction process

Wemaintain an electronic record for every patient undergoing
polysomnography (PSG). This record consists of clinical his-
tory, examination, biochemistry, and ABG reports; Epworth
sleepiness score assessment was done by a sleep physician. It
also has information on routine investigations including com-
plete hemogram, pulmonary function tests, thyroid function
tests, and results of PSG. Data was retrieved from an electron-
ic database by a sleep physician. Detailed history for sleep
symptoms, clinical examination for anthropometry, and bio-
chemical investigations were taken for analysis. All patients
performed spirometry according to the American Thoracic

Society/ERS guidelines using Cosmed Quark PFT [13].
Indian reference values were used [4]. All patients who had
FEV1/FVC < 0.7 were labeled as obstructive lung disease and
were excluded from the sample size.

Anthropometry

The waist was defined as the point midway between the iliac
crest and the lower costal margin. Waist measurement was
done during normal breath out with tape snugly fitted and
horizontal to the floor while the subject is standing. Hip cir-
cumference was measured around the widest portion of the
hips with tape snugly fitted and horizontal to the floor while
the subject is standing with arms at the sides and feet close
together. Neck circumference was measured at the level of the
cricothyroid membrane with tape while the patient in standing
position.

Polysomnography

Level I polysomnography (PSG) was done with Alice 6 PSG
lab (Philips Respironics, USA). EEG, cEMG, Leg EMG,
EOG, sPO2, and chest and abdominal movements with zRIP
belts and body sensor were used in all patients. AASM 2012
criteria for scoring apnea and hypopneas were used [3]. Apnea
was defined as the cessation of airflow through the nose ≥ 10
s. Hypopnea was defined as the reduction in airflow ≥ 30%
associated with a decrease in oxygen saturation measured by
pulse oximetry (sPO2) ≥ 3% and/or associated with arousal.

Titration protocol followed at our sleep lab (Fig. 1)

We do manual titration with OmniLab Advanced (Philips
Respironics, USA) in all our patients. All patients with mod-
erate or severe OSA (AHI > 15) undergo titration with CPAP,
which starts @ 4 cm H2O.

Failure of titration

We try to achieve optimal or good titration in our sleep lab
according to AASM criteria, which is defined as the presence
of supine REM at adequate pressure and final AHI < 5
(optimal) or AHI < 10 (good titration). If the patient’s AHI
cannot be decreased below 10/hour and the patient does not
achieve supine REM for more than 15 min, even with maxi-
mum CPAP titration (i.e., 18 cm H2O), it is considered a
failure of titration with CPAP. Then, these patients undergo
titration with bilevel PAP according to AASM titration guide-
lines [11]. If a patient could not be successfully titrated (opti-
mal or good titration as earlier described) even with maximal
pressure of IPAP 30; then, the patient is retitrated in a lateral
position and titration is started at CPAP of 4 cm H2O.
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Titration in lateral position is called successful if AHI can
be decreased < 10 and achieve REM for more than 15 min.
Patients are titrated with CPAP till a maximum of 18 cm H2O
and if the AHI does not fall below 10 or REM > 15 min is not
achieved, then these patients are titrated with bilevel PAP in
lateral position therapy. In lateral position, titration with
CPAP and bilevel PAP is done as recommended by AASM

titration guidelines. With this protocol, we were able to
achieve target AHI < 5 in 80% and < 10 in 100% of OSA
patients.

The prescribed pressure should be given for at least 30min,
out of which a minimum of 15 min should be in the REM
stage. In our lab, bilevel PAP-S is used in patients with OSA
and bilevel-S/T mode was used only in patients with
hypoventilation like OHS or associated COPD. For positional
therapy, we use an indigenously made positional device made
up of hard pillows and a belt.

Measurement of hypoventilation

According to our protocol, we perform arterial blood gases
(ABG) in all suspected OSA patients after taking consent.
For ABG analysis, an ABG analyzer (Radiometer, Bronshoj,
Denmark) was used. FromABG, direct measurement of PaO2,
PaCO2 values, and calculated values of HCO3− were noted.

We measure etCO2 (lofloetCO2 capnography sensor,
Philips Respironics, USA) for detecting nocturnal
hypoventilation in our sleep lab. Nocturnal hypoventilation
was scored when the etCO2 was > 55 mmHg for ≥ 10 min
or there was an increase in the etCO2 ≥ 10 mmHg (in com-
parison with an awake supine value) to a value exceeding
50 mmHg for ≥ 10 min6. Obesity-related hypoventilation
was described according to ERS definition [16].

Data analysis

We have used IBM SPSS Statistics for Macintosh, Version
26.0 (Armonk, NY: IBM Corp.) for analysis. For descriptive
statistics, we used count and proportion to summarize nominal
variables and mean and standard deviation for numerical var-
iables. The difference in numerical variables across supine and
positional groups was tested by the unpaired t-test for normal-
ly distributed numerical variables orMann-WhitneyU-test for
skewed variables. The distribution of nominal variables was
compared by using the chi-square test. For all analyses, statis-
tical significance was determined at p value less than 0.05.

Results

During the study period, 474 patients underwent sleep study
and 440 patients had AHI > 15. Out of these 440, 366 patients
underwent titration with PAP. Out of these patients, 94 pa-
tients were excluded from this analysis due to the presence of
airway obstruction on spirometry.

A total of 272 patients were finally included in the analysis.
Out of these, 191 patients were successfully titrated with
CPAP in the supine position. In those patients in whom
optimal/good titration could not be achieved with CPAP (n
= 81), 27 patients were successfully titrated with bilevel PAP

Fig. 1 Sequential titration protocol followed in our lab
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in the supine position. Further patients in whom optimal/good
titration could not be achieved in the supine position with
either CPAP or bilevel PAP (n = 54) were first titrated with
CPAP in the lateral position. Thirty-one patients were success-
fully titrated (AHI < 10 and REM > 15 min) with CPAP in
the lateral position. Further 23 patients could only be success-
fully titrated (AHI < 10 and REM > 15 min) with bilevel PAP
in lateral position (Fig. 1, S1 : Figs. 1 and 2 and Table 1).

The analysis was done for baseline characteristics in pa-
tients who were successfully titrated in supine position (opti-
mal or good) with either CPAP or bilevel PAP (henceforward
called as the supine PAP group) and patients who could be
successfully titrated (AHI < 10 and REM > 15 min) only in
lateral position with either CPAP or bilevel PAP (hencefor-
ward called as the positional PAP or PPAP group) (Table 2).

Patients in the PPAP group (n = 54; 20%)weremore obese:
higher BMI (p = 0.016), higher neck circumference (p =

0.005), and waist circumference (p = 0.002). These patients
also had significantly lower awake sPO2 (p = 0.017) (Table 2
and Fig. 2). Although the difference in AHI did not reach a
statistically significant difference, other markers of OSA se-
verity like nadir oxygen during sleep and T90 (percentage of
total sleep time spent with sPO2 < 90%) were significantly
different between the two groups (p = 0.015 and 0.002,
respectively).

Approximately 1/3 of patients who were diagnosed with
obesity hypoventilation syndrome (OHS) (n = 55) could be
successfully titrated (with AHI < 10 and REM > 15 min) only
in the lateral position with PAP. Other baseline characteristics
were not different between these two groups. History of
sleeping position was available in only 230 individuals (out
of 272). Out of 158 patients who gave a history of sleeping
preferably in the lateral position at home, 125 (80%) could be
titrated in the supine position. Similarly, 89% of patients who
prefered to sleep in the supine position at homewere titrated in
the supine position. Twelve out of 53 in the PPAP group and
73 out of 217 in the supine PAP group had positional OSA,
respectively, on diagnostic sleep study, with no significant
difference seen (Table 2).

Discussion

This study shows our initial experience with combination of
positional therapy and PAP (PPAP) in titration of patients
with difficult to treat OSA (dOSA). With PPAP therapy, we

Table 1 Frequency of patients who were successfully titrated with
CPAP/bilevel PAP in supine or lateral position

Frequency % Cumulative percent

CPAP supine 191 70 70

Bilevel supine 27 10 80

CPAP lateral 31 11 91

Bilevel lateral 23 9 100.0

Total 272 100.0

CPAP: continuous positive airway pressure device; PAP: positive airway
pressure device
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Fig. 2 Box plot showing
differences in AHI, BMI, nadir
O2, and T90 in groups (supine
PAP and positional PAP). AHI:
apnea-hypopnea index; BMI:
body mass index; T90 : percent
sleep time spent with sPO2 < 90%
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were able to successfully treat patients who failed convention-
al titration in the supine position.

Patients with positional OSA (POSA) are described as
those with severe disease in the supine position and much less
severe in the lateral position. They are usually younger, thin-
ner (lower BMI, waist, hip, and neck circumference), lower
chances of hypertension, lower ESS, and lower STOPBANG
scores compared to patients with non-positional OSA. On
PSG, they usually sleep in the lateral position; they have better
sleep efficiency, more total sleep time, lower AHI, and lower
ODI compared to non-positional OSA patients. Recently, a
new classification system for positional sleep apnea was de-
scribed, in which POSA was classified into three types, the
most severe being type III: patients with an overall AHI ≥ 40
who can theoretically achieve a > 25% reduction of their AHI
with positional therapy (PT) only [7]. The authors suggested
that positional therapy can be used in combination with
existing therapies, and thereby improving compliance. They

have also mentioned that patients’ CPAP pressure require-
ment can also be reduced if POSA is used in this subtype
III. Our study also suggests the same point that some patient
who do not achieve either optimal or good titration in spite of
maximum pressure (up to IPAP of 30 cm H2O) in the supine
position can be managed with much lower pressure in
the lateral position.

Previously, Dieltjens et al. did a study in post-mandibular
advancement device (MAD) residual supine predominant
OSA (i.e., POSA persisting after MAD) and did PSG on
two consecutive nights: one with Sleep Position Trainer
(SPT) and next with MAD-SPT combination [6]. They dem-
onstrated the combination of MAD and SPT was most effec-
tive in reducing median overall AHI (from 20.9/h to 5.5/h) in
comparison to individually MAD and SPT which were also
able to reduce AHI from baseline (from 20.9/h to 11.6/h and
12.8/h, respectively). With combination therapy, 95% of sub-
jects achieved a minimum of > 50% ormore reduction in AHI.

Table 2 Baseline characteristics
of patients in supine PAP and
positional PAP group

Variables Supine PAP Positional PAP p value
Mean (SD); median Mean (SD); median

Age 50.4 (11.3); 51.5 51.6 (12.6); 52 0.537

Males 144 (83.2) 29 (16.8) 0.700
Females 56 (81.2) 13 (18.8)

Body mass index 30.7 (5.5); 30.4 33.7 (7.1); 33.9 0.016

Epworth sleepiness scale 9.2 (4.9); 9 9.2 (4.6); 9.5 0.964

Awake sPO2 95.6 (3.7); 96 93.9 (4.1); 95 0.017

Neck circumference 15.9 (1.4); 16 16.6 (1.4); 16 0.005

Waist circumference 41.4 (5.1); 42 44.1 (5); 43.8 0.002

Hip circumference 42.4 (5.1); 42 43.6 (4.5); 43 0.161

Fasting blood sugar 112.4 (73.5); 99 128.8 (119.1); 102.5 0.226

Forced vital capacity% 79.4 (17); 80 79.4 (23.1); 83 0.667

FEV1 % 84.2 (19.3); 85 85.4 (25.6); 88 0.541

AHI 69.2 (34.1); 69.3 79.7 (31.4); 81.4 0.054

REM AHI 42.8 (38.4); 43.6 45.6 (40.7); 50 0.719

NREM AHI 67.9 (35.7); 68.8 78.8 (32.8); 79.1 0.053

Supine AHI 78 (36.5); 82.3 88.1 (37.6); 90.8 0.124

Lt AHI 38.3 (44.6); 19.2 37.1 (44.2); 0 0.595

Rt AHI 49.2 (44.8); 38.6 61.1 (42.4); 56.9 0.066

Lowest oxygen level 76.1 (16.3); 82 69.6 (18.8); 76 0.015

T90% 11.3 (20.4); 2 23.7 (28.8); 12.3 0.002

No OHS 167 (84.8) 30 (15.2) 0.003
OHS 37 (67.3) 18 (32.7)

Position history-supine (n = 72) 64 (88.9) 8 (11.1) 0.072
Position history-lateral (n = 158) 125 (79.1) 33 (20.9)

POSA on PSG (n = 85) 73 (85.9) 12 (14.1) 0.167
No POSA on PSG (n = 185) 144 (77.8) 41 (22.2)

AHI: apnea-hypopnea index; sPO2: saturation by pulse oximetry; T90: percent sleep time spent with sPO2 < 90%;
OHS: obesity hypoventilation syndrome; FEV1: forced expiratory volume in 1 s; REM: rapid eye movement;
NREM: non-rapid eye movement; PAP: positive airway pressure device; POSA: positional OSA; PSG:
polysomnography
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Out of 15 subjects, 7 patients preferred combination therapy.
Similarly, Benoist et al. showed that additional PT in patient
population with residual POSA after upper airway surgery can
improve the mean disease alleviation from 39.5% (effect of
surgery alone) to 65.6% (effect of combining surgery and PT)
[2].

At our referral sleep lab, we often find some patients
with difficult to treat OSA (dOSA) in whom optimal or good
titration cannot be achieved with either CPAP or bilevel PAP
in the supine position. In these patients, supine REM could not
be achieved, and AHI could not be decreased by 75% from
baseline.We have found the combination of positional + PAP
(PPAP) therapy as a good treatment option for patients with
dOSA. AHI could be decreased to < 10/h, and stable REM
could be achieved in these patients in the lateral position only.
By conventional definition, this does not fit into optimal or
good titration, as supine REM is mandatory criteria for both of
these, but for these patients, this is the best that could be
achieved with PAP therapy.

Our study shows that patients who require PPAP are more
obese (higher BMI, neck, and waist circumference). In
the supine position, gravity further narrows the retroglossal
area causing more obstruction and less airflow; that is proba-
bly why these patients respond well to the combination of
positional and PAP therapy. Patients requiring PPAP have
also more severe OSA. Although AHI difference was not
statistically different, among the other severity markers, pa-
tients with PPAP hadmuch lower nadir oxygen and they spent
more time below 90% during sleep. Also, it was shown that
OHS patients weremore difficult to treat in the supine position
with PAP and around 1/3 of OHS patients ultimately could be
successfully titrated (AHI < 10 and REM > 15 min) in
the lateral position only with PAP.

It is important to note that neither history of sleeping in
the lateral position nor presence of positional OSA was asso-
ciated with failure of titration in the supine position in our lab.

Central events were seen in few patients in the supine po-
sition, but central events were surprisingly not seen while
titrating in the lateral position. We have also reported posi-
tional central sleep apnea which did not improve with maxi-
mum pressures in the supine position [14, 15].

The tennis ball technique and other positional sleep trainers
have been shown to be variably effective in POSA. In various
trials in mild-moderate patients with OSA, positional therapy
has been shown to be an effective alternative to CPAP thera-
py. But its long-term adherence (10–38%) is even worse than
that for CPAP therapy [17]. Newer vibratory sleep trainer
devices have been shown to have better adherence (89% at
three months).

Adherence to either CPAP or position therapy is poor, so
expecting a patient to use both position device and PAP device
during the night requires substantial determination from the
patient. So we do a one-to-one session for all these patients to

counsel them regarding the importance of positional therapy
as well as PAP. These patients are sicker than routine OSA
patients, and we have seen that patients who are sicker or have
more complications usually are more adherent to combination
therapy [8]. We use lateral therapy with an indigenously de-
veloped pillow technique (costing $2–3) in which two hard
(albeit softer than a tennis ball) small pillows are sewn in a
cloth and tied around the waist during sleep. We have been
prescribing this SPT for the last three years, and we have seen
good results with it. Patients are usually adherent to using
positional therapy along with CPAP and according to patients
they “train themselves” to sleep in lateral position with the
help of positional devices. This SPT technique is simple and
unsophisticated, but we cannot quantitatively measure the ad-
herence of usage of a positional device unlike newer position-
al devices (cost around $600), where we can have compliance
download.

One of the main limitations of this study is non-availability
of adherence data for combination therapy. However, in our
experience, patients use both the therapies if they are
counseled properly. We are collecting follow-up data for this
combination treatment and long-term efficacywhichwould be
subsequently published. Another limitation is that it was done
from a single referral center in central India and the rates of
suboptimal titration were higher than usually reported in liter-
ature. This could be due to craniofacial structure difference in
different ethnicities. Asians have been shown to have more
severe OSA compared to Caucasians with the same BMI [12].
Although it is speculative, this could be the reason for higher
rates of suboptimal titration, and it would be interesting to do
multiethnic studies to see levels of optimal pressure in differ-
ent countries.

Recently, Benjafield et al. described the potential benefit
from switching from CPAP/APAP to bilevel PAP for patients
struggling with PAP adherence [1]. Our current study also
shows that with CPAP, only 70% of patients can be treated
optimally. The remainder of the patients will require bilevel
PAP (10%), CPAP in the lateral position (11%), or bilevel
PAP (9%). It will be interesting to see if adding lateral position
therapy to AutoPAP for patients with poor AutoPAP accept-
ability is beneficial.

Conclusion

The combination of positional therapy and a PAP device
(PPAP) is an effective way of titrating patients with difficult
to treat OSA.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11325-021-02291-6.

1872 Sleep Breath (2021) 25:1867–1873

https://doi.org/10.1007/s11325-021-02291-6


Acknowledgments We want to thank Mr. Senthil Kumar, RPSGT, and
Mr. Amit Sen for doing the scoring and data collection of OSA patients.

Author contributions AG: Conceptualized, data collection, analysis, and
manuscript writing

AP: Data collection and analysis
RS: Analysis and manuscript writing
AK: Data collection and analysis
PC: Conceptualized and data collection
All authors have seen and approved the manuscript.

Compliance with ethical standardsConflict of inter-
est AG, AP, AK, PC, and RS have no conflict of interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
This is a retrospective analysis study, and a waiver of this study was taken
from the ethical clearance committee.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11325-021-02291-6.

References

1. Benjafield AV, PAv J-L, Valentine K et al (2019) Compliance after
switching from CPAP to bilevel for patients with non-compliant
OSA: big data analysis. BMJ Open Respir Res 6:e000380. https://
doi.org/10.1136/bmjresp-2018-000380

2. Benoist LBL, Verhagen M, Torensma B et al (2017) Positional
therapy in patients with residual positional obstructive sleep apnea
after upper airway surgery. Sleep Breath 21:279–288. https://doi.
org/10.1007/s11325-016-1397-x

3. Berry RB, Budhiraja R, Gottlieb DJ et al (2012) Rules for scoring
respiratory events in sleep: update of the 2007 AASM Manual for
the Scoring of Sleep and Associated Events. Deliberations of the
Sleep Apnea Definitions Task Force of the American Academy of
Sleep Medicine. J Clin Sleep Med 8:597–619. https://doi.org/10.
5664/jcsm.2172

4. Chhabra SK, Kumar R, Gupta U et al Prediction equations for
spirometry in adults from northern India. Indian J Chest Dis 9

5. Choudhary B, Patil R, Bhatt GC, Pakhare AP, Goyal A, P A,
Dhingra B, Tamaria KC (2016) Association of sleep disordered
breathing with mono-symptomatic nocturnal enuresis: a study

among school children of Central India. PLoS ONE 11:e0155808.
https://doi.org/10.1371/journal.pone.0155808

6. Dieltjens M, Vroegop AV, Verbruggen AE et al (2015) A promis-
ing concept of combination therapy for positional obstructive sleep
apnea. Sleep Breath 19:637–644. https://doi.org/10.1007/s11325-
014-1068-8

7. Frank MH, Ravesloot MJL, van Maanen JP et al (2015) Positional
OSA part 1: towards a clinical classification system for position-
dependent obstructive sleep apnoea. Sleep Breath 19:473–480.
https://doi.org/10.1007/s11325-014-1022-9

8. Goyal A, Agarwal N, Pakhare A (2017) Barriers to CPAP use in
India: an exploratory study. J Clin Sleep Med 13:1385–1394.
https://doi.org/10.5664/jcsm.6830

9. Goyal A, Pakhare A, Chaudhary P (2019) Nocturic obstructive
sleep apnea as a clinical phenotype of severe disease. Lung India
36:20–27. https://doi.org/10.4103/lungindia.lungindia_153_18

10. Goyal A, Pakhare AP, Bhatt GC et al (2018) Association of pedi-
atric obstructive sleep apnea with poor academic performance: a
school-based study from India. Lung India 35:132–136. https://
doi.org/10.4103/lungindia.lungindia_218_17

11. Kushida CA, Chediak A, Berry RB, Brown LK, Gozal D, Iber C,
Parthasarathy S, Quan SF, Rowley JA (2008) Clinical guidelines
for the manual titration of positive airway pressure in patients with
obstructive sleep apnea. J Clin Sleep Med 04:157–171. https://doi.
org/10.5664/jcsm.27133

12. Leong WB, Arora T, Jenkinson D et al (2013) The prevalence and
severity of obstructive sleep apnea in severe obesity: the impact of
ethnicity. J Clin Sleep Med 9:853–858. https://doi.org/10.5664/
jcsm.2978

13. Miller MR (2005) Standardisation of spirometry. Eur Respir J 26:
319–338. https://doi.org/10.1183/09031936.05.00034805

14. Pawar KS, Goyal A, Khurana A, Kumar S, Sen AK (2017) Case of
postural complex sleep apnea: effect of gravitational forces. Lung
India 34:386–389. https://doi.org/10.4103/lungindia.lungindia_
374_16

15. Pawar KS, Goyal A, Khurana A (2017) Positional complex sleep
apnea: not so complex. Sleep Vigilance 1:43–46. https://doi.org/10.
1007/s41782-017-0006-9

16. RanderathW, Verbraecken J, Andreas S, Arzt M, Bloch KE, Brack
T, Buyse B, de BackerW, Eckert DJ, Grote L, Hagmeyer L, Hedner
J, Jennum P, la Rovere MT, Miltz C, McNicholas WT, Montserrat
J, Naughton M, Pepin JL, Pevernagie D, Sanner B, Testelmans D,
Tonia T, Vrijsen B, Wijkstra P, Levy P (2017) Definition, discrim-
ination, diagnosis and treatment of central breathing disturbances
during sleep. Eur Respir J. 49:1600959. https://doi.org/10.1183/
13993003.00959-2016

17. Yingjuan M, Siang WH, Leong Alvin TK, Poh HP (2019)
Positional therapy for positional obstructive sleep apnea. Sleep
Med Clin 14:119–133. https://doi.org/10.1016/j.jsmc.2018.10.003

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1873Sleep Breath (2021) 25:1867–1873

https://doi.org/10.1007/s11325-021-02291-6
https://doi.org/10.1136/bmjresp-2018-000380
https://doi.org/10.1136/bmjresp-2018-000380
https://doi.org/10.1007/s11325-016-1397-x
https://doi.org/10.1007/s11325-016-1397-x
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.1371/journal.pone.0155808
https://doi.org/10.1007/s11325-014-1068-8
https://doi.org/10.1007/s11325-014-1068-8
https://doi.org/10.1007/s11325-014-1022-9
https://doi.org/10.5664/jcsm.6830
https://doi.org/10.4103/lungindia.lungindia_153_18
https://doi.org/10.4103/lungindia.lungindia_218_17
https://doi.org/10.4103/lungindia.lungindia_218_17
https://doi.org/10.5664/jcsm.27133
https://doi.org/10.5664/jcsm.27133
https://doi.org/10.5664/jcsm.2978
https://doi.org/10.5664/jcsm.2978
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.4103/lungindia.lungindia_374_16
https://doi.org/10.4103/lungindia.lungindia_374_16
https://doi.org/10.1007/s41782-017-0006-9
https://doi.org/10.1007/s41782-017-0006-9
https://doi.org/10.1183/13993003.00959-2016
https://doi.org/10.1183/13993003.00959-2016
https://doi.org/10.1016/j.jsmc.2018.10.003

	Combination...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Design and settings
	Data abstraction process
	Anthropometry
	Polysomnography
	Titration protocol followed at our sleep lab (Fig. 1)
	Failure of titration
	Measurement of hypoventilation
	Data analysis

	Results
	Discussion
	Conclusion
	References


