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Objective: To assess the effects of anatomical, clin-
ical parameters, and pulmonary respiratory function
on the therapeutic titration pressure of continuous
positive airway pressure (CPAP) device in obstructive

sleep apnea syndrome (OSAS).
Methods: The study comprised 41 OSAS patients

whose optimum CPAP titration pressures were
measured. Each patient underwent an otorhinolar-
yngologic and thoracic examination, and data was
recorded for height, weight, body mass index, neck-
waist circumferences, Mallampati classification,
tonsillar hypertrophy, hypopharyngeal collapse, soft
palate-tongue base obstruction scores, peak nasal
inspiratory flow and acoustic rhinometry measures,
and CPAP device therapeutic pressures. Forced vital
capacity, forced expiratory volume, FEV1/FVC ratio

and peak expiratory flow values were noted.

Results: Median CPAP optimal pressure cut-off val-
ue was determined as 9 mmH,O. Statistical analysis

Introduction

Obstructive sleep apnea is a clinical entity result-
ing from the partial or complete obstruction of air
flow during sleep with repeating episodes. Epi-
demiological studies show that obstructive sleep
apnea syndrome (OSAS) affects middle aged men
and women by 4% and 2%, respectively (1).

The continuous positive airway pressure (CPAP)
device was first used in 1981 for the treatment of
OSAS and is still being used successfully world-
wide today in the treatment of patients with mod-
erate to severe OSAS (2, 3). The aim of positive
airway pressure (PAP) techniques is to maintain
and open the upper respiratory tract during sleep,
and thereby, to regulate the quality of respiration

was made in two groups as CPAP titration optimal
pressure <9 and >9 mmH,O. In the optimal pressure
>9 group, neck and waist circumferences, hypopha-
ryngeal collapse score, retropalatal and retrolingual
lateral wall collapse scores were significantly higher
(p<0.05). In multivariate and univariate model anal-
ysis, neck and waist circumferences, hypopharyngeal
collapse score, retropalatal and retrolingual lateral wall
collapse scores were observed to be significant in pre-
dicting high and low pressures in univariate model.
Conclusion: For the prediction of optimal CPAP ti-
tration pressure in OSAS treatment, wide neck and
waist circumferences, high hypopharyngeal collapse
score and retropalatal and retrolingual lateral wall col-
lapse grades may be determinative.

Keywords: Continuous positive airway pressure,
apnea hypopnea index, obstructive sleep apnea syn-
drome, sleep disorder, CPAP titration

and sleep. Optimal pressure can be identified as
the minimum positive pressure to eliminate in-
cidents related to apnea, hypopnea, desaturation,
snoring and respiration (4).

CPAP pressure values used in the treatment of
sleep breathing disorders are determined by the
results of repetitive titrations. These values depend
on many anatomical and physiological variants in
the upper and lower respiratory tract. Although
it is maintained that the apnea hypopnea index
(AHI)-also known as obstructive sleep apnea
(OSA) severity—is one of the aforementioned vari-
ants, other factors that affect optimal pressure are
not yet completely understood. However, it has
been predicted that certain anthropometric and
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polysomnographic parameters contribute to the determination

of optimal CPAP pressure (5).

Although CPAP treatment has been used successfully in most
OSA patients, as yet the parameters predicting optimal pressure
for CPAP have not been fully identified. In the literature, there is
only a small number of studies evaluating the other factors that
could be effective in the determination of optimal CPAP pressure.

The aim of this study is to evaluate the effects of anatomical,
clinical parameters and the pulmonary respiratory capacity on
the optimal therapeutic CPAP pressure induced by titration in
OSAS patients.

Methods

'This study comprises 41 patients who applied to our hospital’s
Otolaryngology and Chest Diseases Departments from De-
cember 2018 through November 2019 and were diagnosed with
OSAS as the result of their medical stories, clinical findings and
polysomnography (PSG), and whose optimum CPAP pressure
values were determined using CPAP titration. An informed
consent was taken from each patient in this study.

CPAP delivers a single, fixed pressure to the patient during the
night. The optimal setting for the titration of CPAP was pro-
vided by an American Academy of Sleep Medicine (AASM)
accredited sleep center or laboratory, with the titration protocol
implemented by registered polysomnographic technologists. A
review of the titration study (including pressure selection) was
conducted by a board certified sleep specialist. Additionally,
definitions, protocols, procedures, and indications for the diag-
nosis and management of OSA were provided, as specified in
the AASM practice parameters for PSG (6).

For the prospective study, approval was obtained from the Eth-
ical Commitee of Clinical Researches of Istanbul Training
and Research Hospital (Approval Date: December 7, 2018;
Approval Number: 1574). Along with their demographic and
medical histories, the study patients were subject to a complete
otorhinolaryngologic and thoracic examination, and data re-
garding height, weight, body mass index (BMI), neck and waist
circumference, Mallampati classification, tonsillar hypertrophy,
hypopharyngeal collapse score, soft palate and tongue base ob-

struction score, peak nasal inspiratory flow (PNIF) rate, pulmo-

Main Points

* Wide neck and waist circumferences, high hypopharyngeal col-
lapse score and retropalatal and retrolingual lateral wall collapse
grades were found as more determinative for the prediction of
the optimal titration pressure for the CPAP device in the treat-
ment of the OSAS patients.

* A positive correlation was observed between the optimal CPAP
pressure and BMI, and the neck circumference and retrolingual
lateral wall collapse scores.

* 'The lateral wall collapse in the retropalatal and retrolingual re-
gions has more effects on the optimal CPAP device pressure
than compared to anterior-posterior collapse.
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nary function tests and CPAP device therapeutic pressure values
were documented.

Mallampati scoring (Grades I-II-111-1V') was applied for oro-
pharynx. Depending on the narrowness grade, tonsils in fossa
were graded as: 0, 1 for narrowness levels below 25%, 2 for nar-
rowness levels between 25% and 50%, 3 for levels between 50%
and 75% and 4 for levels above 75%. Larynx-hypopharynx ex-
aminations were made by flexible endoscope and hypopharyn-
geal collapse was scored between grades 1 and 4. Following the
awake Muller’s maneuver, which was conducted with a flexible
videoendoscope, the observations were compared. The findings
were described and scored using the VOTE classification sys-
tem, which includes the following features: antero-posterior and
lateral wall collapse degrees of retropalatal (soft palate) and ret-
rolingual (base of tongue) regions (7).

Forced vital capacity (FVC), forced expiratory volume (FEV1),
FEV1/FVC ratio and peak expiratory flow (PEF) values were
noted. Values were measured by acoustic rhinometry, right and
left internal isthmus cross sectional area (M(CA1), and inferior
concha cross sectional area (IMCAZ2). PNIF values were noted.
Nasal cavity was evaluated via a 0° endoscope.

Patients with a history of upper and lower respiratory tract
surgery and nasal diseases such as allergic rhinitis, nasal pol-
yps, obstructing pathologies such as septal deviation, nasal valve
problems and turbinate hypertrophies (patients with obstruct-
ing nasal pathologies were recruited for the study following
their surgical treatment but before performing their CPAP
titrations), but patients with other upper and lower respirato-
ry tract problems, serious systematic and neurological illnesses
were excluded from the study. An analysis was made of the data
gathered from the examinations and measurements.

Statistical Analysis

In accordance with the descriptive statistics of data, average,
standard deviation, lowest and highest median, frequency and
ratio values were used. The Kolmogorov-Smirnov test was used
to test the range of variations. The Mann-Whitney U test was
used for the analysis of quantitative independent data. The
chi-square test was used for the analysis of qualitative inde-
pendent data and Spearman’s correlation analysis was used for
correlation analysis. Degree of influence was analyzed using
multivariant and univariant logistic regression. Analysis was
made using the IBM Statistical Package for the Social Sci-
ences software for Windows version 22.0 (IBM SPSS Corp.;
Armonk, NY, USA).

Results

Data collected from the 41 patients included in the study were
documented in Table 1. Of the 41 patients, 14 were female
(34.1%) and 27 were male (65.9%). The age average of the study
group was 51.6+8.8. The weight, height and BMI averages of
the group were 96+14.5,169.2+11.1, 33.7+4.8, respectively. The
CPAP optimal pressure average value was measured as 8.9+1.5.
Median CPAP optimal pressure cut-oft value was determined as
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Table 1. Demographic data and parameters measured in all patients

Min-Max

Optimal CPAP pressure level 6.0-11.0
Age 33.0-82.0
Gender Female

Male
Weight 60.0-123.0
Height 142.0-190.0
BMI 24.1-49.1
Neck circ. 35.0-52.0
Waist circ. 88.0-130.0
AHI 3.2-93.5
Oropharynx narrowness 1II

I

v
Tonsil hypertrophy 0

I

II

I
Hypopharyngeal collapse 1

1I

III
Anteroposterior retropalatal collapse 0.0-100.0
Lateral to lateral retropalatal collapse 0.0-75.0
Anteroposterior retrolingual collapse 0.0-50.0
Lateral retrolingual collapse 0.0-50.0
PNIF 40.0-140.0
L.MCA1 0.2-0.8
L.MCA2 0.2-1.6
R.MCA1 0.2-0.9
R.MCA2 0.2-1.0
FvC 1.8-33.3
FEV1 0.9-5.0
FEV1/FVC 44.0-100.0
PEF 1.1-9.9
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Median AV.+SD n/%
9.0 8.9+1.5
53.0 51.6x8.8
14/34.1%
27/65.9%
99.0 96.1+14.5
169.0 169.2+11.1
33.2 33.7+4.8
44.0 43.7£3.9
111.0 109.4£10.1
51.8 54.1+21.4
14/34.1%
16/39.0%
11/26.8%
4/9.8%
22/53.7%
9/22.0%
6/14.6%
17/41.5%
17/41.5%
7/17.1%
25.0 37.6229.2
25.0 28.0x24.5
0.0 14.3+16.7
0.0 11.6+15.9
75.0 73.2+19.6
0.6 0.6x0.2
0.5 0.6x0.3
0.6 0.5:0.2
0.4 0.5+0.2
3.6 5.0£6.6
3.0 2.9:0.9
81.0 81.9+11.5
5.7 5.61.9

AV: average; SD: standard deviation; BMI: body mass index; AHI: apnea hypopnea index; PNIF: peak nasal inspiratory flow; CPAP: continuous positive airway pressure; L: left; R: right;
MCA: mean cross-sectional area in acoustic rhinometry; FVC: forced vital capacity; FEV: forced expiratory volume; PEF: peak expiratory flow; Min: minimum; Max: maximum

9 mmH,O. Statistical analysis was made in two groups as CPAP
titration optimal pressure <9 and >9 mmH,O.

The AHI score average of all the patients was 54.1+21.4. In
Mallampati score test, 34.1% of the patients were found to be
grade 2,39% grade 3 and 26.8% grade 4. In hypopharyngeal col-
lapse scoring, 17 patients were grade 1 (41.5%), 17 were grade 2
(41.5%) and 7 were grade 3 (17.1%). As a result of Muller’s ma-
neuver, the retropalatal anterior-posterior collapse score average
was 37.6229.2%, retropalatal lateral wall collapse average was
28+24.5%, retrolingual anterior-posterior collapse score average
was 14.3+16.7 and the retrolingual lateral wall collapse score
average was 11.6+15.9.

In patient groups with pressures <9 and >9, no significant dif-
ferences were found between age and gender, weight, height
and BMI values (p>0.05). For the pressure >9 group, the neck
and waist circumferences were significantly higher compared
to the pressure <9 group (p=0.004 and 0,019; respectively).
For the pressure >9 group, the hypopharynx collapse degree
was significantly higher compared to the pressure <9 group
(p=0.021). For the pressure >9 group, MCA2 value was sig-
nificantly higher compared to the pressure <9 group (p=0.012)
(Table 2).

Regarding the awake Muller’s maneuver scores of patients, ret-
rolingual lateral wall collapse and retropalatal lateral wall col-
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Table 2. Analysis of optimal pressure parameters in accordance with the pressure groups

Optimal CPAP Pressure <9

AV+SD/n-%

Age 53.2+£10.2
Gender Female 9-42.9%
Male 12-57.1%
Weight 92.4+15.5
Height 166.8+12.7
BMI 33.4:5.8
Neck cire. 41.9+4.0
Waist circ. 105.4+9.5
AHI 48.2+21.9
Oropharynx narrowness 11 7-33.3%
111 11-52.4%
v 3-14.3%
Tonsillar hypertrophy 0 2-9.5%
I 13-61.9%
11 4-19.0%
111 2-9.5%
Hypopharyngeal collapse 1 13-61.9%
11 5-23.8%
111 3-14.3%
Anteroposterior retropalatal collapse 38.8+31.3
Lateral retropalatal collapse 20.2£18.7
Anteroposterior retrolingual collapse 15.5+16.7
Lateral retrolingual collapse 3.6+9.0
PNIF 71.2+23.3
Optimal CPAP Pressure 7.6+0.8
LMCA1 0.5:0.2
LMCA2 0.60.4
RMCA1 0.6+0.2
RMCA2 0.6x0.2
FVC 6.29.1
FEV1 2.8+1.0
FEV1/FVC 82.9+12.2
PEF 5.4+2.0

"Mann-Whitney u test
¥Chi-square test

Optimal CPAP Pressure >9

Median AVzSD/n-% Median p
55.0 50.0+7.1 52.0 0.219™
5-25.0% 0.228%
15-75.0%
88.0 100.1+12.7 100.0 0.114=
168.0 171.8+8.7 171.0 0.296™
31.2 33.9£3.7 34.9 0.246™
43.0 45.7£2.7 46.0 0.004™
102.0 113.7£9.1 116.0 0.019=
51.8 60.4+19.5 53.8 0.090™
7-35.0% 0.105¢
5-25.0%
8-40.0%
2-10.0% 0.687¢
9-45.0%
5-25.0%
4-20.0%
4-20.0% 0.021¥
12-60.0%
4-20.0%
25.0 36.3+27.5 37.5 0.861™
25.0 36.3x27.5 50.0 0.046™
25.0 13.0£17.0 0.0 0.603™
0.0 20.0£17.4 25.0 0.001™
65.0 75.3+15.2 80.0 0.222™
8.0 10.3+0.5 10.0 0.000™
0.5 0.6+0.2 0.6 0.619™
0.5 0.6+0.2 0.5 0.764
0.6 0.5+0.2 0.5 0.186™
0.6 0.4+0.2 0.3 0.012™
3.5 3.8+0.9 3.8 0.309™
2.8 3.0x0.7 3.0 0.449™
81.0 80.9+10.9 80.5 0.539™
4.9 5.9+1.9 6.2 0.206™

AV: average; SD: standard deviation; BMI: body mass index; AHI: apnea hypopnea index; PNIF: peak nasal inspiratory flow; CPAP: continuous positive airway pressure; L: left; R: right;
MCA: mean cross-sectional area in acoustic rhinometry; FVC: forced vital capacity; FEV: forced expiratory volume; PEF: peak expiratory flow

lapse value of the pressure >9 group was found to be signifi-
cantly higher compared to the pressure <9 group (p=0.001 and
0.046, respectively).

With regard to the prediction of high and low pressures in the
univariant model, the neck and waist circumferences, hypopha-
ryngeal collapse score, retropalatal lateral wall collapse score and
retrolingual lateral wall collapse score were found to be signifi-
cantly effective (p=0.006, 0.012, 0.043, 0.041, 0.003; respective-
ly) (Table 3).

With regard to the prediction of high and low pressures in mul-
tivariant model, the neck circumference and retrolingual lateral

wall collapse scores were found to be significantly and inde-

pendently effective (p=0.011 and 0.006; respectively) (Table 3).

As a result of the awake Muller’s maneuver conducted using
flexible endoscopy on both groups, retropalatal and retrolingual
antero-posterior collapse scores, PNIF value, left MCA1 and

MCA2 and right MCA1 values, FVC, FEV1, FEV1/FVC ra-
tios and PEF values showed no significant differences (p>0.05).
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Table 3. Univariant and multivariant regression models for optimal pressure parameters

Univariant model Multivariant model
Mean 95% Confidence interval p* Mean 95% Confidence interval p*
Neck circ. 1.44 1.11-1.87 0.006 1.48 1.09-2.00 0.011
Waist circ. 1.10 1.02-1.19 0.012
Hypopharyngeal collapse 2.65 1.03-6.82 0.043
Retropalatal lateral collapse 1.03 1.00-1.06 0.041
Retrolingual lateral collapse 1.09 1.03-1.16 0.003 1.11 1.03-1.19 0.006
“Logistic Regression
Table 4. Correlation of optimal pressure, AHI and other parameters
AHI Age Weight Height BMI Neckcirc.  Waist circ.

Optimal CPAP Pressure r 0.330 -0.236 0.257 -0.003 0.343 0.414 0.396

P 0.035* 0.137 0.105 0.983 0.028* 0.007* 0.010*
AHI r -0.199 0.193 0.118 0.147 0.071 0.204

p 0.212 0.228 0.464 0.359 0.657 0.201

Retropalatal Retropalatal Retrolingual ~ Retrolingual
anteroposterior lateral anteroposterior lateral PNIF L.MCA1

Optimal CPAP Pressure r -0.152 0.261 -0.189 0.398 0.091 0.081

p 0.342 0.099 0.237 0.010* 0.572 0.613
AHI r 0.036 0.049 0.055 -0.001 0.067 -0.082

P 0823 0.763 0.731 0.997 0.676 0.611

MCA2 R.MCA1 MCA2 FVC FEV1 PEF

Optimal CPAP Pressure r -0.144 -0.100 -0.264 0.195 0.125 0.175

p 0.367 0.536 0.095 0.222 0.435 0.273
AHI r -0.174 -0.411 -0.465 0.045 -0.028 0.038

p 0.277 0.008* 0.002* 0.781 0.862 0.812

*Spearman’s Correlation

BMI: body mass index; AHI: apnea hypopnea index; PNIF: peak nasal inspiratory flow; CPAP: continuous positive airway pressure; L: left; R: right; MCA: mean cross-sectional area in
acoustic rhinometry; FVC: forced vital capacity; FEV: forced expiratory volume; PEF: peak expiratory flow

In Spearman’s correlation analysis a significant positive cor-
relation was observed between the AHI, BMI, neck and waist
circumferences and the retrolingual lateral wall collapse values.
Conversely, a significant negative correlation was observed be-
tween the AHI value and right MCA1 and right MCA2 values.
'There was a positive correlation between optimal CPAP pres-
sure and AHI value, BMI value, neck circumference, waist cir-
cumference, retrolingual lateral wall collapse score. There was,
however, a negative correlation between AHI value and right

MCAL1, right MCA2 values (Table 4).

Discussion

We found that the thickness of neck and waist circumference,
high hypopharyngeal collapse, retropalatal and retrolingual lat-
eral wall collapse have a major effect on the increase of optimal

CPAP pressure.

With reference to the determination of PAP optimal pressure,
some studies in the literature concluded that AHI, BMI and
neck circumference were the three most significant parameters
(8,9). In our study, an average neck circumference of 46 cm was
significantly more common among the patients with above 9

mmH,O pressure compared to those below 9 mm (p=0.004),
while another study revealed that BMI was higher in patients
with high optimal CPAP pressure (5). In a study conducted by
Sforza et al. (10) no significant correlation was found between
the AHI, BMI and optimal PAP pressure in 22 OSA cases
where soft palate length and varied esophagus pressure predict-
ed the optimal PAP pressure. However, in the study of Lin et al.
(11), BMI and AHI were suggested as the two most important
predictors of CPAP pressure in the eradication of obstructive
sleep apneas.

In our study groups, the AHI score which many studies pre-
dict as the most significant factor in determining the PAP opti-
mal pressure, did not indicate a significant difference; whereas,
the results of the correlation analysis showed that there was a
positive correlation between optimal CPAP pressure and AHI
This finding may be explained by the fact that all patients in our
study were diagnosed with medium to severe OSA; the study
group comprised patients to be treated with CPAP; and the
majority of the patients had an AHI score above 50. Further, it
was deemed that other non-considered parameters could have
played a role in the results.
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In our study, we suggest the thickness of neck circumference as
one of the major factors affecting optimal CPAP pressure. How-
ever, a study of 101 patients by Stradling et al. (12) proposes
that neck circumference and OSA severity serve as independent
variables in determining pressure. On the other hand, Oksen-
berg et al. (5) suggest that a direct proportion exists between the
increase in optimal CPAP pressure and OSA severity.

In their study of OSA patients who have had bariatric surgery
leading to rapid weight loss, Lankford et al. (13) observed varied
CPAP pressures. In our study, however, it was noted that while
the waist circumference of the patient group above 9 mmH,O
pressure was 113 c¢m in average, the average waist circumference
of the patients in the other group was below 102 cm, which can
be considered as statistically significant (p=0.019). Although the
waist circumference was expected to be higher in the patient
group with higher BMI levels, in the present study BMI was not

considered as a predictive parameter.

In our study the patients underwent anterior rhinoscopy, en-
doscopic nasal and nasopharyngeal examinations. At our clinic
we do not perform CPAP titration in patients with various ob-
structive nasal problems, so initially the obstructing factors were
eliminated. In our patients, the nasal obstructive pathologies
were either absent or were treated prior to the CPAP titration
procedure. Nasal tests were conducted with devices and acoustic
rhinometry and PNIF tests were performed by the same author.
Nasal obstruction may change titration pressure and if nasal ob-
struction increases the patient’s adaptation to the CPAP device,
the effectiveness of the device will decrease. As a result, in our
study nasal pathologies are treated prior to CPAP titration. This
method generally standardized the nasal passage opening for
maximum positive effect of the device. In our study, nasal func-
tion tests were performed using acoustic rhinometry and PNIF.

It is well-known that an increase in the volume of adipose tis-
sue between the pharynx and hypopharynx and the thickness
in the muscular structure of pharynx play a role in narrowing
the lateral circumference of the upper respiratory tract (14). In
our study, all patients were scored in terms of retropalatal and
retrolingual anteroposterior and lateral wall collapse by means
of awake Muller’s maneuver (forced inspiration of the patient
with the mouth and nose covered), in which fiberoptic flexible
endoscopy was used. In the patient group with a pressure value
above 9 mmH,O, both retropalatal and retrolingual lateral wall
collapse values were observed to be comparatively higher. Addi-
tionally, a direct proportion was noted between the increase in
hypopharyngeal collapse score and CPAP optimal pressure. As
the patients were subjectively evaluated prior to CPAP titration,
these findings show that the awake Muller’s maneuver could be
of use in predicting optimal CPAP pressure. In our study it was
also observed that the lateral wall collapse in the retropalatal
and retrolingual regions was more effective compared to anteri-
or-posterior collapse.

In the correlation analysis a positive correlation was observed
between the optimal CPAP pressure and BMI, and the neck
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circumference and retrolingual lateral wall collapse scores.
However, a negative correlation was observed between the AHI
value and inferior turbinate cross section (acoustic rhinometry

MCA?2) as the nasal parameter.

An increase of the pulmonary volume leads to high blood pres-
sure, the thickening of the pharynx wall, an increase in the cross
section of upper respiratory tract and a decrease in upper re-
spiratory tract resistance. Accordingly, upper respiratory tracts
become harder to collapse. Due to the decrease in pulmonary
volume in patients with high BMI and in supine position the
pharyngeal wall collapses more easily (15-17). In our study, no
significant difference was observed between the study groups
in terms of FVC, FEV1, FEV1/FVC ratio or PEF, following
pulmonary function tests. In addition, no significant correla-
tion was noted between optimal CPAP pressure, AHI and re-
spiratory capacity parameters. These findings demonstrate that
anatomical variations relating to the upper respiratory tract are
more important compared to the lower respiratory tract physi-
ological parameters when determining optimal CPAP pressure.

Due to the vast number of parameters that require evaluation,
it would be more determinative to observe larger groups of pa-
tients. Parameters, such as cephalometric analysis and the atten-
dance of patients with lower optimal CPAP titration pressure
value, could lead to more effective methods in the prediction of
optimal CPAP pressure values.

Conclusion

In the prediction of optimal pressure values for the treatment of
severe OSA patients with CPAP, the neck and waist circumfer-
ence, high hypopharyngeal collapse score and retropalatal and
retrolingual lateral wall collapse amount are key determinants.
With regard to the patient group in our study, repetitive titra-
tion measurements may be reduced by employing simple pre-as-
sessment practices and awake Muller’s maneuver.
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