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Background: Ventilation with continuous positive airway
pressure (CPAP) is the gold standard therapy for obstructive
sleep apnea (OSA). However, it was recently suggested that
a novel mode of ventilation, Bilevel-auto, could be equally
effective in treating patients unable to tolerate CPAP. The aim
of this study was to investigate the ability of Bilevel-auto to
treat OSA patients whose nocturnal ventilatory disturbances
are not completely corrected by CPAP.

Methods: We enrolled 66 consecutive OSA patients, not
responsive to (group A) or intolerant of (group B) CPAP
treatment, after a full night of manual CPAP titration in a
laboratory. Full polysomnography data and daytime sleepiness
score were compared for each group in the three different
conditions: basal, during CPAP, and during Bilevel-auto.
Results: The apnea-hypopnea index decreased significantly
during CPAP in both groups; however, in the group A, there
was a further significant improvement during Bilevel-auto.

The same trend was observed for oxygenation indices, while
the distribution and the efficiency of sleep did not differ
following the switch from CPAP to Bilevel-auto.
Conclusions: This study confirmed the role of Bilevel-auto
as an effective therapeutic alternative to CPAP in patients
intolerant of this latter mode of ventilation. Moreover, extending
the use of Bilevel-auto to those OSA patients not responsive to
CPAP, we showed a significantly better correction of nocturnal
respiratory disturbances.
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bstructive sleep apnea (OSA) is characterized by repetitive
episodes of complete or partial upper airway obstruction
during sleep.' The gold standard therapy for OSA is continuous
positive airway pressure (CPAP) delivered through a nasal or
facial mask during the night. This treatment has been proven
to improve health status, daytime sleepiness, to reduce the risk
of cardiovascular events or the consumption of health care re-
sources, as well as to prolong the survival of these patients.?
It is not, however, always well tolerated, especially by those
patients who would benefit from very high pressure levels to
compensate for episodes of obstructive apnea-hypopnea.**
Bilevel-auto was proposed as an alternative treatment of this
disorder. Bilevel-auto delivers spontaneous bilevel therapy, au-
tomatically adjusting expiratory (EPAP) and inspiratory (IPAP)
levels to meet the patient’s needs (see below).*” This new ther-
apy was found to be equally effective as standard CPAP therapy,
and adherence to the two therapies was comparable.® Indeed, in
patients who did not tolerate CPAP, this therapy seemed to be
associated with better adherence to the treatment.”
In our experience there is another group of patients who may
benefit from the use of this new mode of ventilation: patients
whose nocturnal episodes of apnea-hypopnea are not completely

BRIEF SUMMARY

Current Knowledge/Study Rationale: CPAP is the gold standard
treatment for patients with OSA. However, a small group of patients are
not tolerant or not responders to CPAP therapy. The aim of this study
was to evaluate in these particular patients the efficacy and tolerance
of the Bi-PAP auto, a new ventilator device that is able automatically
adjust expiratory and inspiratory pressure level.

Study Impact: The present study demonstrates that Bi-PAP auto en-
ables optimal control of respiratory events during sleep in these pa-
tients offering a therapeutic alternative to patients not-compliant or not-
responders to CPAP treatment.

corrected even when treated with high levels of CPAP (up to 20
cm H,0). To our knowledge, no study has yet evaluated the
effect of Bilevel-auto in this group of patients. The aim of this
study was, therefore, to confirm and possibly extend the indica-
tions for Bilevel-auto therapy in patients with OSA.

METHODS

This study was approved by the Ethical Committee of Sal-
vatore Maugeri Foundation, and written consent was obtained
from patients.
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From January 2011 to December 2012, we prospectively
collected data from all consecutive, treatment-naive patients
admitted to our hospital with a diagnosis of OSA who failed
CPAP treatment after manual titration. The diagnosis of OSA
was made according to standard criteria: all patients under-
went standard sleep evaluation and full polysomnography ana-
lyzed according to the American Academy of Sleep Medicine
(AASM) 2007 guidelines.® After a full-night of manual CPAP
titration in a laboratory, performed according to the AASM
guidelines,’ patients were changed to Bilevel-auto if they were
not responsive to CPAP (group A) or unable to tolerate CPAP
(group B). Non-responsive patients were defined according
to AASM guidelines’: persistence of respiratory disturbance
index above the level of optimal, good, or adequate titration.
Non-tolerant patients were those with poor tolerance or com-
pliance to CPAP, recognized during the adaptation period us-
ing the effective CPAP level. All treatable causes of poor CPAP
tolerance or efficacy (type of mask, presence of leaks, poor
humidification) were identified and treated or excluded before
the switch to Bilevel-auto.

Patients with diagnosis or radiological evidence of respira-
tory diseases (i.e. COPD), lung lesions (e.g., previous tubercu-
losis treated physically, pulmonary abscesses, pneumothorax),
neuromuscular disorders (e.g., post-polio lesions), chest-wall
defects, bronchopulmonary infection or cardiac or respiratory
failure in the preceding 6 months were excluded from the study
as were patients with a previous diagnosis of pulmonary arte-
rial hypertension. Other exclusion criteria were: major uncon-
trolled medical or psychiatric conditions; prior use of CPAP
or standard BiPAP ventilation; surgery of the upper airways,
nose, sinuses, or middle ears in the 3 months before the study;
the presence of any untreated non-OSA sleep disorder (e.g.,
restless legs syndrome, insomnia); a known history of alcohol
or drug abuse within the preceding 3 years.

Demographic information was collected and polysom-
nographic data were recorded in the basal condition, during
CPAP and during Bilevel-auto treatment. Daytime sleepiness
was assessed by the Epworth Sleepiness Scale (ESS)."

Bilevel-auto Setting

Bilevel-auto (Respironics Inc., Murrysville, PA, USA) is an
auto-adjusting bilevel ventilator system with different algo-
rithms able to detect and treat obstructive events such as apnea,
hypopnea and snoring. Adjustable parameters are: minEPAP
(from 4 to [maxIPAP-3]), maxIPAP (from [minEPAP +3] to 25
cm H,0), and maxPS (from 3 to 8). If 2 consecutive obstruc-
tive apneas are detected in a period of 3 minutes, the algorithm
increases the EPAP value 1 cm H,O, maintaining a minimum
difference of 3 cm H,O from the IPAP. If hypopnea or a flow
limitation is detected, the algorithm will raise IPAP to elimi-
nate the event until the maximum adjusted level is reached.
MaxPS is the maximum difference allowed between IPAP and
EPAP. A further increase of IPAP will lead to a same increase
of EPAP to maintain the adjusted maxPS constant. In our study
Bilevel-auto was set as follows: maxIPAP = 25 cm H,O and
maxPS = §; the CPAP level that during titration provided cor-
rection of obstructive apneas was chosen as reference value for
EPAP. We set a minEPAP 2 cm H,O less than reference CPAP
to reach a good accommodation for the patient.
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Statistical Analysis

Results are given as the mean + standard deviation. Patients
were classified into 2 groups, according to the reason for the
failure of CPAP. The two groups of patients were compared
by means of one-way ANOVA. Repeated measures ANOVA
was performed to evaluate trends over time (at baseline, during
CPAP and Bilevel-auto therapy) in the sleep data from the 2
groups of patients considered. Tukey honest statistical differ-
ence test for unequal sample sizes (Spjotvoll and Stoline test)
and the Scheffe test were used to compare differences between
groups and within groups, respectively. All statistical tests
were two-sided, and p values of less than 0.05 were consid-
ered statistically significant. Data were analyzed using STA-
TISTICA (data analysis software system), version 10. (StatSoft
Inc., 2011, www.statsoft.com).

RESULTS

Of 579 eligible patients who underwent manual standard
CPAP titration, 57 patients were excluded since they ful-
filled the exclusion criteria. Among the remaining 522, we
enrolled 66 patients (18 females): 35 were not responsive to
CPAP (group A), while 31 were unable to tolerate this therapy
(group B). The mean age of these patients was 57.6 + 12.1 years,
and their mean body mass index was 39.7 = 9.8 kg/m?.

Baseline data are shown in Table 1, separately for the 2
groups of patients. No differences were found between the 2
groups for any of the variables considered, except for sleep
efficiency, which was statistically significantly higher in the
group B.

The total sleep time during the manual CPAP titration was
326+ 74 min in group A versus 351 = 59 min in group B (p =ns),
while the maximum pressure level reached during the manual
CPAP titration procedure was 18 &3 cm H,O in group A and
17 +2.5 cm H,O in group B.

The apnea-hypopnea index (AHI), both total and supine,
decreased significantly during CPAP, but a further significant
reduction was obtained during Bilevel-auto treatment in both
groups (Figure 1A and 1B, respectively): as expected, during
CPAP the AHI was significantly higher in group A. The same
trend was found for arousal index (23.9 + 10.2 in group A;
11.2 £ 9.9 in group B) and oxygenation indices: there were
significant reductions in the oxygen desaturation index (ODI)
and percentage of sleep time spent with an oxygen satura-
tion <90% (T,,) from baseline to Bilevel-auto in both groups,
but during CPAP these 2 variables were significantly higher
in group A (Figure 1C and 1D) than in group B. Table 2
shows changes in sleep data when patients were switched
from CPAP to Bilevel-auto according to the reason for fail-
ure of the CPAP. In addition to the aforementioned signifi-
cant reduction of the AHI, patients in group A also showed
further significant improvements in the oxygenation indices:
ODI and T,, both decreased significantly when patients were
switched from CPAP to Bilevel-auto. This difference was not
seen in group B.

Two patients did not tolerate the Bilevel-auto treatment and
were discharged with CPAP; another 4 patients stopped Bi-
level-auto after prescription. Tolerance and adherence to ther-
apy in the remaining 60 patients were good after 6 months: the



mean usage was 5.9 + 2.1 h/night; no differences were found
between group A and B (ANOVA p =ns)

DISCUSSION

This study demonstrates that Bilevel-auto enables optimal
control of respiratory events during sleep in those patients not
responsive to CPAP and offers a therapeutic alternative for pa-
tients not compliant with CPAP, with equal or better control of
respiratory events.

Bilevel-auto, a novel mode of ventilation, is able to detect
and treat various obstructive events by using different algo-
rithms: detection of apnea and snoring leads to an increase in
the EPAP level, while detection of hypopnea or a flow limita-
tion leads to an increase in the IPAP value within a previously
set pressure range. Bilevel-auto was proposed as an alternative
to CPAP as a rescue therapy in the presence of poor compli-
ance or tolerance.'"* A validation study performed in OSAS
patients naive to CPAP treatment, compared the efficacy of
Bilevel-auto against standard CPAP and subjective and ob-
jective compliance over 90 days of use.® Authors did not find
statistically significant differences in efficacy or compliance
between the two treatments, raising the question of whether
Bilevel-auto could be considered as an alternative therapy in
patients not tolerating CPAP. However, further studies aimed
to determine if Bilevel-auto benefit to CPAP treatment in non-
compliant patients have yielded conflicting results.

In an observational study in patient with CPAP compli-
ance lower than 4 h/night over 3 months, Gentina et al. found
that Bilevel-auto improved compliance to a moderate extent.’
However, in patients requiring an effective CPAP level higher
than 10 cm H,O there was a greater significant improvement
in mean usage/night. In a randomized controlled trial, Ballard
et al. found that, changing to flexible bilevel airway pressure
therapy improved compliance in patients previously not com-
pliant with CPAP therapy." Powell et al. compared the efficacy
of and compliance with CPAP and Bilevel-auto in a group of
OSA patients with a poor initial experience of laboratory-
based CPAP titration."”* They did not find a statistically signifi-
cant difference in adherence to treatment between the groups
treated with Bilevel-auto or CPAP, suggesting that the CPAP
titration procedure per se may be the principal cause of the

Bilevel-auto Treatment in OSA Patients versus CPAP

poor initial tolerance. Finally Ball et al. compared the efficacy
of standard BiPAP versus Bilevel-auto in a group of OSA pa-
tients not compliant with CPAP therapy, showing the equiva-
lence of both ventilation modalities in normalizing the AHL.?
The data collected during the present study indicate new
appropriate indications for the prescription of Bilevel-auto
therapy. In patients who did not respond to CPAP therapy de-
spite adequate initial tolerance and standardized in-laboratory
titration, Bilevel-auto normalized AHI without having nega-
tive effects on sleep structure and stability. Similar results
were found for the group of patients who were intolerant of
CPAP, in which group, differently from previous studies, we

Table 1—Baseline data according to the reason for CPAP
failure.

Group A Group B
(n=35) (n=31) p value
Age (y) 59.2+12.2 558 +£11.9 ns
BMI (kg/m?) 40.3+84 389+11.2 ns
Neck-circumference (cm)  43.2+4.7 444 £54 ns
ESS 11.2+59 98+6.38 ns
V/C (% predicted) 871179 91+243 ns
FEV, (% predicted) 88.9+20 88.9+26.5 ns
FEV./VC (%) 78.1 £ 8.1 76.9+10.3 ns
Pa0, (mm Hg) 64.4+97 682+10.8 ns
PaCO, (mm Hg) 392+34 395+42 ns
pH 74+0.29 744 +0.03 ns
BE 4+21 39%25 ns
SE (%) 78.7+14.2 86.3+8.7 <0.05
REM (%) 141+6.5 17.1+£8.6 ns
Arousal index (events/h)  53.7 £19.2 57.5+29.6 ns
AHI (events/h) 61.4+259 69.1+29.1 ns
AHI,,, (events/h) 83.2+394 78.6 £29.8 ns
ODI (events/h) 64.9+23.2 65.5+12.3 ns
Too (%) 34.2+28.6 27.3+289 ns

Values given as mean + standard deviation. Group A = not responsive.
Group B = not tolerant. ns, not significant; BMI, body mass index; ESS,
Epworth Sleepiness Scale; VC, vital capacity; FEV,, forced expiratory
volume one-second; BE, base excess; SE, sleep efficiency; AHI, apnea-
hypopnea index; AHI,,, supine AHI; ODI, oxygen desaturation index;
Tqo, Percentage of total sleep time with an oxygen saturation < 90%.

Table 2—Comparison of sleep data recording during CPAP and Bilevel-auto treatment according to the cause of CPAP failure.

Group A Group B

CPAP Bilevel-auto p value CPAP Bilevel-auto p value
SE (%) 746+153 788+8.8 ns 785+10.1 824122 ns
REM (%) 17.1+10.6 205+7.8 ns 19.7+6.6 205+84 ns
AHI (events/h) 30.4 +16.1 46+49 <0.0001 14.9+9.18 42+33 <0.0001
ODlI (events/h) 294+18.1 12.9+20.3 0.001 13.8£9.38 11.2+164 ns
To 125+21.9 33+6.8 0.01 2.7+68 3.96+8.9 ns
CPAP (cm H,0) 183+3 17+25 ns
IPAP (cm H,0) 223+28 20.5+28¢8 0.005
EPAP (cm H,0) 13.6£2.68 11.8+£298 0.009

Values given as mean = standard deviation. Group A = not responsive. Group B = not tolerant. $Group A vs group B, p < 0.01. ns, not significant; SE, sleep
efficiency; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; Tq,, percentage of total sleep time with an oxygen saturation < 90%.
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Figure 1—Changes from baseline to CPAP and Bilevel-auto, according to the cause of CPAP failure (group A = not responsive,

group B = not tolerant).
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treatment.

also recorded a further significant reduction in AHI during
Bilevel-auto, in comparison with the value during CPAP. This
better outcome was probably due to the more careful selection
of patients shifted to Bilevel-auto therapy, since we included
only patients with poor tolerance to high level of CPAP. We
hypothesized that in this group of patients, manual titration
was interrupted prematurely before reaching the level of pres-
sure required to correct nocturnal ventilatory and oxygenation
disturbances.

The mechanism underlying the better efficacy of Bilevel-
auto in the group of patients not responsive to CPAP is not
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completely understood. Usually, as the positive pressure pro-
gressively increases during CPAP titration, there is a stepwise
resolution of respiratory events starting from apnea to inspi-
ratory flow-limitation.” However, in some patients persistent
partial inspiratory obstruction can only be controlled at very
high pressures (sometimes above the maximum level that can
be administered by home CPAP devices) which may not be
tolerated. Bilevel-auto enables a dynamic, independent regula-
tion of inspiratory and expiratory positive pressure, providing
a more physiological control of the upper airways: inspiratory
pressure with Bilevel-auto may increase up to 25 cm H,O to



correct hypopnea and flow limitations. A similar mechanism
could be suggested for the improvement of gas exchanges. An
inspiratory pressure that is always higher than the expiratory
one may allow recruitment of areas with a low ventilation-
perfusion ratio, recognized as one of the cause of nocturnal
hypoxia in obese OSA patients."

Long-term follow-up data (at 6 months) demonstrated ad-
equate compliance with Bilevel-auto in both group of patients,
which was similar or even better than that reported in previous
studies (6% of drop-off).

Limitation of the Study

The main limitation of this study is the lack of randomiza-
tion or participant blinding. This is a “real life clinical study”
we designed to identify a potential alternative approach for
those patients not tolerant or “resistant” to CPAP. Ideally, the
efficacy of bilevel-auto should have been compared to the stan-
dard BiPAP, the second-line therapy for this group of patients
in the AASM guidelines. However, it has been demonstrated
that the standard BiPAP did not improve tolerance or compli-
ance in patients previously not tolerant to CPAP.'"

In conclusion, Bilevel-auto is a promising technological
strategy that provides effective treatment for subgroup of pa-
tients who fail CPAP treatment. Our study showed that adher-
ence to nocturnal therapy could be significantly improved in
patients intolerant to high levels of CPAP. Moreover we dem-
onstrated that Bilevel-auto can stabilize the respiratory pattern
and gas exchange during sleep in OSA patients not responsive
to CPAP treatment.

ABBREVIATIONS

CPAP, continuous positive airway pressure
EPAP, expiratory positive airway pressure
IPAP, inspiratory positive airway pressure
OSA, obstructive sleep apnea
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