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Background: Patients with obstructive sleep apnea syndrome are mainly treated with
continuous positive airway pressure. Polysomnography-guided full-night manual titration is
the gold standard for continuous positive airway pressure titration, but it is cost-, time-, and
effort-consuming. Alternative ways of titration are easier with less cost, time, and effort. In
the era of the COVID-19 pandemic, the need to establish more safe strategies is increased.
Aim: To choose a rapid, efficient, simple, and safe method with less effort and cost in the
measurement of a suitable level of positive airway pressure in the management of obstructive
sleep apnea syndrome.

Methods: This study enrolled 48 adult patients who had been diagnosed with obstructive
sleep apnea syndrome at our sleep unit and were candidates for treatment with continuous
positive airway pressure according to AASM 2008 after exclusion of other sleep-related
breathing disorders. All patients underwent both laboratory full-night manual titration and
auto-titration (by Prisma20A of WEINMANN medical technology, Germany). Manual titra-
tion pressure and P95 of auto-titration were obtained and compared with calculated pressures
by five predictive formulas (Miljeteig and Hoffstein, Séries, Stradling, Loredo, and Lee).
Results: Patients included in the study were 25 females (52.1%) and 23 males (47.9%) with
a meantSD of age of 49.98+£10.36 years. Mean+SD of manual pressure was 10.44+2.49
cmH,0, P95 was 10.16+2.64 cmH,0, and calculated pressures by different equations were:
Miljeteig and Hoffstein, 8.53+2.03; Séries, 11.40+1.81; Stradling, 9.68+1.65; Loredo, 9.90
+1.79; and Lee, 10.61+2.68 cmH,0O. No significant differences were reported between
manual pressure and pressures of auto-titration with Séri¢s, Stradling, Loredo, and Lee
equations (p=0.112, 0.09, 0.212, 0.213, and 0.657, respectively).

Conclusion: Auto-titration can be used as an effective alternative to manual titration with
less cost and effort and is more comfortable to patients. Predictive formulas can be used
instead of standard and auto-titration especially in resource-limited facilities and in
pandemics.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a major health problem, which is
associated with various comorbidities, including increased metabolic and cardio-
vascular problems, health care fees, traffic accidents, and risks of rnortality.l The
recommended management for most obstructive sleep apnea patients is continuous

positive airway pressure (CPAP) as it relieves obstruction of the upper airway by
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elevating intramural pressure, leading to splinting of the
airway.” In order to initiate treatment with CPAP, effective
pressure that eliminates most obstructive events must be
titrated previously.?

An attended diagnostic polysomnogram (PSG), followed
by a second attended full-night with PSG guidance and
physician supervision to titrate the adequate CPAP manually,
is the gold standard for diagnosis and treatment of OSA.* It
is cost-, effort-, and time-consuming, and leads to a long
waiting list, which delays initiation of the CPAP treatment.’

The search for feasible techniques to replace a standard
technique has intensified in the last few years. Automatic
titration and therapeutic pressure calculation using predic-
tive formulas have been proven as alternative approaches.®

Without the intervention of a specialist, the automated
positive airway pressure (APAP) device constantly adjusts
the effective pressure to the patient’s needs based on
changes in airflow resistance. The use of APAP is based
on the principles of feasibility and cost-effectiveness.’

Various predictive formulas were established pre-
viously, based on different parameters to predict
a therapeutic CPAP level such as body mass index
(BMI), neck circumference (NC), the lowest oxygen
saturation, and other parameters. The accuracy of these
formulas, however, has not compelled most practitioners
to incorporate them into standard medical practice.*

In some patients, calculated CPAP can be beneficial in
treating OSAS, but automated positive airway pressure
(APAP) devices are used more commonly to reduce the
requirement for a CPAP titration study. This could be due
to APAP’s advantage over predictive equations in adjust-
ing for OSAS night-to-night variability.*

Other methods being considered for their potential to
decrease costs and improve accessibility include split-night
PSG (SPL), unattended home partial sleep monitoring
(UHPSM), and home CPAP auto-titration (CPAP auto-
titration). However, concerns have been raised about SPL
due to deficient diagnostic sampling and deficient time for
titration; also, it has been applied only in certain conditions.
UHPSM and home auto-titration have been promoted as
ways to decrease costs in the evaluation of OSAS, but they
are less accurate than full-night PSG and SPL-PSG and are
prone to loss of data.®

This study was set out aiming to choose a rapid, effi-
cient, simple, and safe method with less effort and cost in
the measurement of a suitable positive airway pressure
level for OSAS patients' management.

Patients and Methods
Population of the Study

Our sleep unit was the first established unit in the
Sharkia Governorate at the end of 2015. This was the
first study to discuss the comparison between different
titration modalities and their efficacy for our patients. At
the beginning of our study, from our sleep unit records,
100 patients had been diagnosed with obstructive sleep
apnea syndrome and were candidates for treatment with
CPAP according to the American Academy of Sleep
Medicine (AASM 2008).° Ten patients who had daytime
hypoventilation with the possibility of obesity hypoven-
tilation were excluded. The titration study failed in seven
patients due to high residual apnea/hypopnea index
(AHI/hr) (2 patients) or short sleep time (5 patients); in
3 of them it failed during auto-titration and in 4 during
manual titration. Five patients refused to complete the
titration study, as it required several nights to complete
the study. After the beginning of the COVID-19 pan-
demic at the end of 2019, we were obligated to postpone
most of the titration studies especially at periods of out-
breaks. Health resources, institutions, and most of the
health care teams were directed to face the pandemic.
This led to interruption of the titration study of the 30
patients who had been diagnosed before the beginning of
the COVID-19 pandemic. Finally, 48 patients were
enrolled in this study after calculation of sample size
using OPEN EPI at power 80% and CI 95%. They
were 25 women and 23 men, ranging in age from 27 to
67 years, and their meantSD of age was 49.98+10.36
years.

Inclusion Criteria
Patients who had been diagnosed with obstructive sleep
apnea syndrome by polysomnography after suspicion by
different scores according to AASM 2014 and were can-
didates for CPAP treatment according to AASM 2008
were included.

e According to AASM (2014),'° diagnosis of OSAS
was established if:

- An AHI of >15 events/hr regardless of associated
symptoms.

- Or an AHI of >5 events/hr with the classic OSAS
manifestations.

o According to AASM (2008):°

- Indications of CPAP are the treatment of severe and
moderate OSAS [standard] as well as mild OSAS [option].
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- CPAP is also used to improve sleepiness [standard],
quality of life [option], and blood pressure in hypertensive
individuals with OSAS as an adjunctive therapy [option].

Exclusion Criteria
1. Patients who had other sleep breathing disorders
(central sleep apnea, obesity hypoventilation syn-
drome, and patients suffering from overlapping dis-
orders such as chronic lung diseases).
2. Patients who were contraindicated to use CPAP.
Contraindications:'"

Absolute  Inability to fit mask * Respiratory or cardiac
arrest
Relative « Uncooperative, agitated * Inability to protect

airway ¢ Unstable medical circumstances (uncontrolled
arrhythmia, hypotensive shock, ischemia, or upper gastro-
intestinal hemorrhage) * Swallowing difficulties * Profuse
secretions ¢ Failure of multiple organs ¢ Recent surgery for
the upper gastrointestinal tract or upper airway.

Study Design This study is a prospective cross-over
clinical trial conducted in the unit of sleep-disordered
breathing at Chest Department in Zagazig University
Hospitals, in the period from October 2018 to June 2020.
Approval was obtained from the administrative council of
the chest department and institutional board review of
Zagazig University (ZU-IRB #4745/30-7-2018). Patients
included in this study gave their informed and signed
consent. This study was conducted in accordance with
the Declaration of Helsinki.

Study Protocol

e The following data were collected from the records:
- Full history (especially daytime and night symptoms
of sleep breathing disorders, and history of comorbid-
ities), full clinical examination, involving body mass
index (BMI, kg/m?), and routine laboratory investiga-
tions. Values of OSAS suspicion (by Epworth sleepi-
ness scale (ESS) and STOP-BANG score) also were
recorded, and lastly diagnostic PSG data, which were
gathered at the sleep unit of our chest department by
SOMNO Screen™ Plus (SOMNO Medics, Germany),
and patients were diagnosed with obstructive sleep
apnea according to AASM (2014) criteria.'”

e The following was done for all patients:
- Continuous positive airway pressure titration by three
different methods (manual, auto-titration, and predic-
tive formulas).

Before titration, the patient was informed about OSAS
risk factors, history and consequences, explanation about
CPAP, its benefits, hazards of neglecting treatment, differ-
ent types of interface, and side effects.

The Manual Technique of Titration

The wused device for titration was Prisma20A of
WEINMANN medical technology, Germany. It was con-
nected with the VPAP Tx lab system under full-PSG
monitoring in our sleep lab, and conducted through an
oronasal mask. This is the gold standard for CPAP level
measurement.

The titration of CPAP was done according to the 2008
AASM manual titration recommendations as follows: titra-
tion was started by pressure 4 cmH,0O and pressure ele-
vated gradually every 5 minutes by 1 cmH,O guided by
respiratory events till reaching optimal titration pressure.’

Auto-titration

Lab-attended auto-titration without monitoring by PSG but
with monitoring of patient position and assessment of real-
time leakage for 3 nights was done. This was recorded
under the overnight supervision of a technologist with
a device (Prisma20A of WEINMANN medical technol-
ogy, Germany).

Minimum and maximum APAP pressures were
adjusted at 4 cmH,0 and 20 cmH,O for all patients. At
the end of each treatment session, P95, which is the
pressure that abolishes all obstructive events of the upper
airway for more than 95% of the time, and other APAP
titration data were downloaded (usage hours, leak, resi-
dual AHI).

If the median leak rate was more than 24 L/minute and/
or the total time of recording was less than 5 hours, the

auto-titration was judged “unsuccessful”.'?

Mathematical Equations
Predicted CPAP (CPAP,.q) was determined for all
patients using five prediction algorithms, which were
recommended from the published studies:

» Miljeteig and Hoffstein equation:'? CPAP,eq
(ecmH,0) =

(0.16 x BMI) 4 (0.13 x NC) + (0.04 x AHI) — 5.12
» Sériés equation:'* CPAP,eq (cmH,0) =
(0.193 x BMI) + (0.077 x NC) + (0.02 x AHI) — 0.611

» Stradling equation:15 CPAP,eq (cmH,0) =
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(0.048 x ODI) + (0.128 x NC) + 2.1
» Loredo equation:”’ CPAP,eq (cmH,0) =

30.8 + (RDI x 0.03) — (nadirO2saturation(%) x 0.05)
— (meanO2saturation(%) x 0.2)

» Lee equation:17 CPAP,.q (cmH,0) =

6.656 + (0.156 x BMI) — (0.071 x minimalSpO2(%))
+(0.041 x RDI) + (0.094 x ESS)

Where: BMI (kg/m?), body mass index; NC (cm), neck
circumference; AHI (/hr), apnea/hypopnea index; ODI
(/hr), oxygen desaturation index; RDI (/hr), respiratory
disturbance index; ESS, Epworth sleepiness score.

Statistical Analysis

The IBM SPSS software program version 20.0 was used to
evaluate the data supplied to the computer (Armonk, NY,
IBM Corp). Number and percent were used to describe
qualitative data. The Kolmogorov—Smirnov test was
employed to ensure that the distribution was normal.
Mean, standard deviation SD, range (minimum and max-
imum), median, and interquartile range (IQR) were used to
describe quantitative data. The significance of the acquired
results was assessed at a 5% level (statistically significant
at p<0.05). To compare different CPAP pressures, a ¢-test
was used. The correlation was done by the Pearson corre-
lation test. The Wilcoxon signed test of non-parametric
data is abbreviated as W, and used for assessment of
continuous data differences. Scatter plot representation

was used for the graphical analysis of the relationship
between different pressures.

Results

This study included 48 adult patients with a mean+SD age
0f'49.98+10.36 years with a range of 27.0-67.0 years. The
number of males was 23 (47.9%) patients, and females
were 25 (52.1%) patients. Six patients (12.5%) were diag-
nosed with mild OSA, 14 patients (29.2%) had moderate
OSA, and 28 patients (58.3%) were diagnosed as severe as
reported in Table 1, which shows different patient char-
acteristics and anthropometrics.

All studied cases were included in the three different
titration techniques. Data about the values of CPAP titra-
tion are introduced in Table 2, which shows that all
patients were included in all titration techniques. The
meantSD values of measurable pressures were:
CPAP anua=10.44£2.49 and P95=10.16+2.64 cmH,O.
The mean+SD values of calculated pressures were:
Miljeteig and Hoffstein=8.53+2.03, Séries=11.40+1.81,
Stradling=9.68+1.65, Loredo=9.90+1.79, and Lee=10.61
+2.68 cmH,O0.

The comparison between the standard pressure of man-
ual titration and both P95 of APAP and calculated pres-
sures by predictive formulas was assessed and and results
are represented in Table 3. There was a statistically non-
significant difference between CPAP, ., and P95
(»=0.112) with strong positive correlation as reported in
Table 3 and Figure 1. Regarding CPAP,4, no significant
differences were reported between manual pressure and

Table | Different Patient’s Characteristics and Anthropometric Data

Variables Min. - Max. Mean t SD. Median (IQR)
Age (yrs) 27.0-67.0 49.98 £ 10.36 51.50 (42.50-57.0)
BMI (kg/m?) 24.96-63.63 41.24 £ 7.85 42.02 (34.72-45.67)
ESS (>10) 0.0-23.0 10.7 5 + 535 11.0 (7.0-15.0)
STOP-BANG >3 1.0-7.0 477 £ 1.36 5.0 (4.0-6.0)
AHl/hr 6.50-104.0 39.83 + 25.88 33.50 (18.90-56.65)
Sex

Male NO 23 % 47.9

Female NO 25 % 52.1
Severity (AHIl/hr) Mild (5-15) Moderate (15-30) Severe >30

12.5% 14 29.2% 28 58.3%
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Table 2 Descriptive Analysis of the Studied Cases (n=48) According to CPAP Titration

CPAP Titration Min. - Max. Mean % SD. Median (IQR)
Manual (cmH,0) 5.0-15.0 10.44 £+ 2.49 11.0 (9.25-12.0)
P95 (cmH,0) 4.0-16.0 10.16 + 2.64 10.50 (9.0-12.0)
Equations (cmH,0) Miljeteig and Hoffstein 4.60-12.60 853 +£2.03 8.70 (6.80-9.95)
Séries 7.60-16.00 11.40 £ 1.81 11.4 (9.85-12.91)
Stradling 7.0-13.20 9.68 + 1.65 9.55 (8.25-11.0)
Loredo 7.50-14.07 9.90 + 1.79 9.20 (8.56—10.80)
Lee 6.0-15.90 10.61 + 2.68 10.20 (8.50-12.55)

Table 3 Comparison Between CPAP Manual Titration and Both Auto-Titrated P95 and Studied Predictive Formulas

CPAP Titration Mean SD. t-test P r p
Manual titration 10.44 2.49

Auto-titrated P95 10.16 2.64 0.653 0.112 NS 0.982 <0.001*
Miljeteig and Hoffstein equation 8.53 2.03 5.366* <0.001* S 0.421 0.003*
Séries equation 11.40 1.81 1.02 0.09 NS 0.345 0.016*
Stradling equation 9.68 1.65 1.06 0.212 NS 0.594 <0.001*
Loredo equation 9.90 1.79 0.987 0.213 NS 0.433 0.002*
Lee equation 10.61 2.68 0.447 0.657 NS 0.437 0.002*

Note: *Statistically significant at p < 0.05.

Abbreviations: SD, standard deviation; t, t-test; p, p value for comparing between manual pressure and other pressures (auto-titrated P95 and different equations); NS,

non-significant; S, significant; r, Pearson coefficient.

calculated pressures by Sériés, Stradling, Loredo, and Lee
equations (p=0.09, 0.212, 0.213, and 0.657, respectively)
with positive correlations as shown in Table 3 and
Figures 3-Figures 6, respectively. However, there was
a highly
Hoffstein equations (p<0.001) as shown in Table 3 and
Figure 2.

significant difference with Miljeteig and

Table 4 presents the comparison between auto-titrated
pressure and calculated pressure by other studies' predic-
tive equations. It shows statistically non-significant differ-
ences with positive correlations with Sériés, Stradling,
Loredo, and Lee equations (0.101, 0.142, 0.502, and
0.271, respectively) for the comparison between the pres-
sure of APAP and calculated pressures of predictive for-
mulas; however, the difference was statistically significant
with positive correlation with the Miljeteig and Hoffstein
equation (0.04).

To assess the effectiveness of auto-titration, residual AHI
after auto-titration was measured and compared with pre-
titration AHI that was measured by diagnostic polysomno-
graphy and reported a decrease of AHI with a high degree
from 39.83 to residual 7.97/hr with a statistically highly
significant change after auto-titration (p<0.001) (Table 5).

Discussion

In our study, we compared manual titration as the standard
method and between alternative titration methods (auto-
titration and predictive formulas) and also compared
between auto-titration and predictive formulas.

Our results established that the CPAP level obtained by
the standard method had no statistically significant differ-
ence with that acquired by the auto-titration and with 4
from 5 studied prediction formulas (Séri¢s, Stradling,
Loredo, and Lee equations).
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Table 4 Comparison Between Auto-Titrated P95 and Each Different Equation According to CPAP Titration

CPAP Titration Mean SD. t-test P r p
Auto-titrated P95 10.16 2.64

Equations

Miljeteig and Hoffstein equation 8.53 2.03 2.341% 0.04* S 0.406 0.004*
Séries equation 11.40 1.8l 0.691 0.101 NS 0.321 0.026*
Stradling equation 9.68 1.65 1.495 0.142 NS 0.557 <0.001*
Loredo equation 9.90 1.79 0.779 0.502 NS 0.423 0.003*
Lee equation 10.61 2.68 I.114 0.271 NS 0.427 0.003*

Notes: *Statistically significant at p < 0.05.

Abbreviations: SD, standard deviation; t, t-test; p, p value for comparing between auto-titrated P95 and different equations; NS, non-significant; S, significant; r, Pearson

coefficient.

Table 5 Comparison Between Residual AHI After Auto-Titration and Baseline AHI/Hr

AHl/hr Mean SD. Median Range w P
Auto-titration residual AHI/hr 7.97 7.01 5.50 0-27 6.58 <0.001*
Baseline AHI/hr 39.83 25.88 33.50 6.5-104

Notes: Mean, standard deviation (SD), range [minimum and maximum], median were used to describe quantitative data. W, Wilcoxon signed test of non-parametric data; p,
b value for comparing between baseline and residual AHI. * Statistically significant at p < 0.05.

Abbreviation: AHI, apnea hypopnea index/hr.

At the period of the discovery of CPAP, awareness of
OSAS was still in its early stages, so the number of
patients was relatively low. In recent years, individual
CPAP titration has become a major logistic and financial
burden owing to the large number of patients who suffer
from OSAS. With the global obesity epidemic and the
aging of the population, this challenge will continue to
escalate in the coming years.'®

Also, long waiting lists lead to delay in initiation of
treatment, which is associated with increased morbidity
and mortality risks, especially in severe OSAS patients.”

According to AASM guidelines, manual titration is the
gold standard for measurement for appropriate CPAP treat-
ment, and APAP devices should be used only for patients
with uncomplicated moderate to severe OSAS, and in the
presence of limited resources.'”

In the era of the COVID-19 pandemic, positive airway
pressure (PAP) devices are considered one of the routes of
virus transmission. Due to aerosolization risk, the main
World Associations of Sleep Medicine and the Center for
Disease Control and Prevention (CDC) recommended
postponing titration studies.””

It is reasonable to think about simplified alternative
techniques leading to the same therapeutic efficacy.

Recently, several studies, especially after the COVID-19
pandemic, assessed the efficacy of alternative titration
modalities by comparing the standard method with the
same alternative methods used in our study and reported
with

near-similar results or other

18,21-24

compared it
methods.

Demographic and resource features of our region make
it very difficult to use self-adjusting home therapeutic
strategies as a calibration or therapeutic option.

Our sleep lab was established at the end of 2015, and it
was considered the first sleep lab in the Sharkia governor-
ate. This research was the first in our governorate to
evaluate the efficacy of auto-titration and different predic-
tive formulas in order to investigate if any of them could
replace the standard method in our Egyptian patients to
reduce cost and effort, and in order to start treatment as
early as possible.

In our study, the same device was used to compare
attended auto-titration with the standard method, with no
significant difference reported in our study between
CPAP anual and P95 of attended auto-titration, associated
with a strong positive correlation. Also, several previous
studies reported no significant difference regarding thera-

peutic pressure value between the two techniques.”> %’
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Other studies that depended on other titration techni-
ques also reported near-similar results. Rosen et al*® and

Kim et al?!

carried out studies that compare PSG-guided
laboratory titration and home auto-titration, and reported
near-similar pressures with a statistically non-significant
difference recorded for both methods. Also Shaarawy and
Gharraf reported no significant difference between manual
and auto-titration during split-night study (p=0.06).>

On the other hand, this contradicts Ficker et al, who
only compared a single night therapy with REM+auto
device with constant pressure CPAP. During auto-CPAP,
the mean pressure was significantly higher than during
standard CPAP (p<0.05).>° Considering the spontaneous
variability from night to night in the architecture of sleep
and OSAS severity, this study design was not adequate for
detecting small differences between the two strategies of
treatment. Luo et al reported a highly significant difference
between manual titration pressure by virtuoso,
Respironics, and automatic titration (P90) by REMstar
Auto (p<0.001).*"

The differences in results were because the included
studies used different auto-titration protocols. The testing
devices are not identical due to the differences in manu-
facturer’s and sleep technicians’ experience, which is the
source of the heterogeneity. Differences in baseline char-
acteristics of subjects may also be another cause for
variability.’

The disparities between manual titration and auto-
titration could be attributable to variances in how para-
meters like snoring, apnea, and hypopnea are evaluated;
also, different recording methods were used. During man-
ual titration with PSG guidance, the respiratory effort was
measured using an elastic band across the thoracic/abdom-
inal region, as well as oxygen saturation and electroence-
phalography (EEG). Auto-titration pressures, on the other
hand, were automatically determined by the machine’s
algorithm without respiratory effort, body position, EEG,
or oxygen saturation recordings.

To ensure the effectiveness of auto-titration, residual
AHl/hr after auto-titration was recorded and showed
a significant decrease compared with baseline, with
a statistically highly significant change.

This result was in accordance with several studies such
as Hussain et al,32 Masa et al,3 3 Fietze et al,34 Galetke et al,35
Galetke et al,* and Shaarawy and Gharraf®® who reported
a significant difference between baseline AHI/hr and after

APAP, one with marked improvement.

Regarding the comparison between standard manual
titration and mathematical algorithms in this study, manual
titration has positive correlations with statistically non-
significant differences with the Sériés, Stradling, Loredo,
and Lee equations. However, there is a statistically sig-
nificant difference between CPAP titration pressures by
manual titration and the Miljeteig and Hoffstein equation,
which is lower than the standard.

Near-similar results were reported by Lacedonia et al
who compared 3 predictive formulas (Stradling, Sériés,
and Hoffstein), which were also used in our study, with
both manual and auto-titration, and found that there were
no differences in the determined pressures by Stradling
and Séri¢s equations, and the titrated pressure, but signifi-
cant difference in the pressure determined by the Miljeteig
and Hoffstein equation.”’

According to Sadeghniiat-Haghighi et al, there was
a statistically non-significant difference between mean
pressure measured by manual method and the Loredo et al'®
formula, similar to our results; however, the differences
were statistically significant when compared with calcu-
lated pressures, measured by Miljeteig and Hoffstein,'
Lin et al,*® and Hukins®® equations.®’

Lee et al reported, in a study on Asians, that there was
a positive correlation with no significant difference
between the mean of manual titration pressure and of
developed formula. Because Asian study subjects are less
obese than Western subjects, the Hoffstein equation tended
to underestimate the appropriate CPAP level in this study
when compared to the created equation. Also, Asian sub-
jects exhibited more craniofacial bony restriction.'’

In 2021, the same result was reported by Matias et al
who reported a highly significant difference between man-
ual titration and the Miljeteig and Hoffstein equation.’

Different results were reported by Oliver and
Hoffstein® and Masa et al,*® who reported that there was
no significant difference between CPAP titration pressure
and Miljeteig and Hoffstein equation predicted pressure.
The first study used a manual titration approach that was
relatively unique and personalized, and they did not com-
pare it to any other approaches. In the other study, pre-
dicted formula pressures were used after domiciliary
adjustment.

In a comparison between P95 by auto-titration and
other pressures that were calculated by predictive formu-
las, we reported statistically non-significant differences
between P95 and Séries, Stradling, Loredo, and Lee equa-
tions (0.101, 0.142, 0.502, and 0.271, respectively), but
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there was a statistically significant difference with the
Miljeteig and Hoffstein equation.

This is in accordance with the findings of Wahab and
Ahmed, who found that the measured pressure using the
Hoffstein equation was significantly much lower than P90
of auto-CPAP. The calculated pressures using the other
four algorithms (Séries, Stradling, Loredo, and Lee equa-
tions) and P90% were not significantly different.*!

The significant difference between the Hoffstein for-
mula and other studied methods makes this equation
usually not suitable for determining ideal pressure. This
can be explained by the absence of variables that influence
the severity of OSAS as this equation takes into account
AHI, NC, and BMI, but not race or lifestyle.3’42

Although the variables in the Séri¢s equation were the
same as in the Miljeteig and Hoffstein equation, the cal-
culated pressure using their algorithm was statistically not
different from P95%. The distinction is that in the Sériés
equation a small constant was subtracted from the algo-
rithm, whereas in the Hoffstein equation a large constant
was subtracted (0.611 vs 5.12, respectively).*!

According to Lacedonia et al, manual or auto-titration
is still the best approach to determine the therapeutic
pressure. Predictive formulas, on the other hand, can be
valuable if applied with prudence and after establishing the
true efficacy.”

Construction of own predictive formula for determin-
ing the effective pressure is not necessary; the formula that
was derived from the same ethnicity can be adopted and
used for the reference formula.*?

The limitations of our study include the fact that the
studied patients were derived from only one sleep unit,
which could lead to sampling bias. To investigate
OSAS risk factors in our country, multicenter research
is required. In addition, only adult patients were
involved in this study, so our results cannot be applied
to children who have OSAS. Lastly, our study lacks
follow-up of patients for long periods to evaluate the
effectiveness of CPAP treatment after different titration
modalities.

Further studies should evaluate the degree of improve-
ment according to clinical and polysomnographic data,
compliance, and adherence to treatment after each titration
modality, especially of different predictive formulas.

Also, future studies are suggested to assess the efficacy
of easier, more accurate, and simple titration techniques

such as home auto-titration and split-night studies.

Conclusion
According to the guidelines, manual titration is recom-
mended as the gold standard for CPAP titration, and
APAP devices should be used only for patients with
uncomplicated moderate to severe OSAS, and in the pre-
sence of limited resources, but there are some limitations
for manual titration including increased cost, effort, and
time. Alternative titration modalities (auto-titration and
predictive formulas) can be used with similar efficiency
as the standard method with less cost, effort, and time.
After the COVID-19 pandemic, predictive formulas are
considered the safest titration method that can be used to
start treatment without delay in patients with OSAS, espe-
cially those who had serious symptoms and or uncon-
trolled comorbidities.
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