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Abstract

Purpose Our study aims to compare the difference in clinical efficacy between auto-trilevel positive airway pressure (auto-
trilevel PAP) ventilator and conventional fixed bilevel positive airway pressure (BiPAP) ventilator for obesity hypoventilation
syndrome (OHS) patients with coexisting moderate or severe obstructive sleep apnea hypopnea syndrome (OSAHS).

Methods Twenty-three OHS patients with moderate or severe OSAHS enrolled between January 2015 and September 2017
underwent ventilation by three different modes of positive airway pressure (PAP) for 8 h per night. A single variable mode was
applied at the first night followed by two nights when no PAP therapy was carried out as a washout period between each mode.
The inspiratory positive airway pressure (IPAP) decided by PaCO, was consistently used for modes 1, 2, and 3. In mode 1, the
expiratory positive airway pressure (EPAP) issued by BiPAP was decided by the minimal PAP levels for cessation of snoring.
However, in mode 2, the EPAP was fixed at 3 cmH,O higher than this value. With the use of auto-trilevel PAP in mode 3, the
EPAP was set to initially match that of mode 1 but the end of EPAP (EEPAP) was automatically regulated to be elevated
according to upper airway patency condition. We also compared the following parameters including apnea hypopnea index
(AHI), minimal SpO, (miniSp0O,), arousal index, and sleep efficiency during sleep; PaCO, in the morning and Epword sleepiness
score (ESS) at daytime were measured prior to and during PAP treatment as well as between three selected PAP modes.
Results Compared with the parameters before ventilation therapies, all three variable modes of ventilation were associated with a
higher nocturnal miniSpO, and sleep efficiency (all P <0.01). Among the three variable modes, mode 3 resulted in not only the
lowest arousal index and daytime ESS but also the highest sleep efficiency. Compared to mode 1, mode 2 demonstrated a
significantly reduced AHI and an elevated miniSpO, and morning PaCO, (all P <0.05), while mode 3 was associated with a
decreased AHI, an increased miniSpO, (all P <0.05), and no statistical change of PaCO, following the end of PAP treatment
(P>0.05). Comparison between mode 2 and mode 3 revealed that mode 3 had a significantly lower PaCO, (P <0.05), but
displayed no remarkable changes of AHI and miniSpO, (all P> 0.05).

Conclusion Compared to fixed BiPAP ventilation, auto-trilevel PAP ventilation could more effectively correct hypercapnia,
achieve lower index of nocturnal apnea and hypopnea, more improved sleep quality, and lower daytime sleepiness score.
Auto-trilevel PAP ventilation is therefore more efficacious than conventional BiPAP ventilation in non-invasive ventilation
therapy for OHS patients with concurrent moderate or severe OSAHS.
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Introduction

Obesity hypoventilation syndrome (OHS) and obstructive
sleep apnea hypopnea syndrome (OSAHS) are often comor-
bid conditions [1]. Compared to patients with either OHS or
OSAHS alone, those with both diseases commonly experi-
ence more serious hypoxiemia, CO, retention, and an accel-
erated onset of pulmonary artery hypertension and cor
pulmonale [2, 3]. The current study was aimed to discover
more efficacious non-invasive ventilation (NIV) treatment
for those with concurrent OHS and OSAHS.

Continuous positive airway pressure (CPAP) treatment, as
a conventional NIV treatment for OSAHS, has been used with
caution for OSAHS patients with OHS due to its inability to
solve hypercapnia [4]. Alternatively, bilevel positive airway
pressure (bilevel PAP, BiPAP) ventilators with a relatively
larger pressure difference (P difference) between inspiratory
positive airway pressure (IPAP) and expiratory positive air-
way pressure (EPAP) has been used to treat hypercapnic OHS
patients [4]. However, because too high IPAP levels may
cause lower compliance to NIV treatment while too low
EPAP levels fail to eliminate residual obstructive sleep apnea
events for OHS patients with moderate or severe OSAHS.
Ventilator therapists often face a dilemma in attempting to
overcome both CO, retention and residual OSA events [5].

The newly established auto-trilevel PAP ventilation mode,
differing from BiPAP in its EPAP setting, seems to be prom-
ising in solving both of these issues. Auto-trilevel PAP is
equipped with two different EPAP levels during the expiratory
period; i.e., at the first half of expiratory phase, the EPAP was
relatively lower while at the second half of expiratory phase,
the end EPAP (EEPAP) became adjustably higher [6] (Fig. 1).
The lower initial EPAP is designed in favor of removal of CO,
at the early expiratory phase, while the elevated EEPAP level
helps to prevent the residual events of obstructive sleep apnea
(OSA) and hypopnea resulting from upper airway (UA) col-
lapse or obstruction which is more likely to take place towards

upper pressure level
IPAP 1

-

L Y
r -

r -

the end part of expiration if the EPAP is lower [7, 8].
Moreover, because both OHS and OSAHS can cause elevated
critical pressure of the upper airway (UA), patients with con-
current OHS and moderate or severe OSAHS are susceptible
to residual OSA and hypopnea events when the UA’s intrinsic
pressure is too low, even under PAP treatment.

According to the periodic property of the UA patency
and collapsibility (Fig. 2), the UA’s anti-collapsibility is
stronger at the early expiratory phase because of higher
intrinsic positive airway pressure (PAP) at this period.
However, towards the end of the expiratory phase, the
UA’s anti-collapsibility becomes weak probably as a re-
sult of reduced intrinsic positive airway pressure and in-
creased visceral attraction force [8, 9]. That is why to-
wards the end of expiratory phase such patients are sus-
ceptible to OSA and hypopnea [8, 9].

In this study, we compared the efficacy of the conventional
BiPAP versus auto-trilevel PAP ventilation modes in treat-
ment of the patients with concurrent OHS and moderate or
severe OSAHS.

Patients and methods
Patients

A total of 23 OHS patients with moderate or severe OSAHS
(15 males, 8 females) were finally recruited from our hospi-
tal’s outpatient or inpatient departments of Respiratory and
Critical Care Medicine between January 2015 and
September 2017. Our enrolled patients had a mean age of
37.4£12.6 yrs. (range =29~62 years) and an average body
mass index (BMI) of 35.3 +3.2 (range = 31.7~38.9). Patients
with a history or evidence of renal dysfunction, stroke, diabe-
tes, infectious disease, or surgery or trauma < 6 months prior
to enrollment, or their unwilling to complete our NIV treat-
ment were excluded from this investigation. During our
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Fig. 1 Characteristic of trilevel positive pressure support at a respiratory
cycle. IPAP, inspiratory positive airway pressure; EPAP, expiratory
positive airway pressure; EEPAP, end expiratory positive airway
pressure; PDIFF, pressure difference between IPAP and EPAP. In auto-
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trilevel PAP mode, EPAP was displayed with two different parts, i.c., a
relatively lower EPAP level at the beginning part of expiratory phase
while an adjustably elevated EEPAP level at the end of expiratory phase
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Fig. 2 Periodic dynamic changes of intrinsic upper airway lumen at respiratory cycle. a inspiratory phase. b Early expiratory phase. ¢ End expiratory phase

recruitment, 7 patients were excluded because 4 cases felt they
could not tolerate the higher IPAP during sleep and another 3
cases felt discomfort with the facial mask on their face during
sleep.

All procedures conducted in our current study associated
with human participants were in consistent with the ethical
criteria of Patient Ethics and Research Committee of the
First Affiliated Hospital with Nanjing Medical University
and with the 1964 Helsinki declaration and its later amend-
ments. Informed consent was obtained from all individual
participants included in this investigation.

Polysomnography protocol

Full polysomnography (PSG) examination was carried out
using the Compumedics E-series Sleep System
(Compumedics Sleep, Abbotsford, Australia) to monitor over-
night PSG parameters such as electro-encephalogram(EEG),
electro-cardiogram (ECG), electrooculogram, chin and bilat-
eral anterior tibials electromyogram, chest and abdominal re-
spiratory movements measured with respiratory inductance
plethysmography (RIP) (Protech, Murrysville Pennsylvania,
USA), and pulse oxyhemoglubin saturation (SpO;). The
criteria of all tracing scoring techniques and dianosis for
OSAHS were based on international standard [10] and our
previous study [6].

Diagnosis of OHS

OHS is defined by a resting daytime PaCO, > 45 mmHg, a body
mass index (BMI) > 30 kg/m?, and the absence of an alternative
cause for alveolar hypoventilation. OHS is associated with wors-
ened OSAHS and nocturnal hypercapnia and hypoxiemia [3].

NIV treatment design

Standard nasal masks were used for patients underwent treatment
of NIV ventilators (Prisma25ST, Lowenstein Medical Inc.,
Germany) which can deliver both BiPAP and auto-trilevel ven-
tilation modes. The three variable PAP modes (auto-trilevel and

two types of BiPAP modes) were then compared. Prior to our
PAP therapy, we performed EPAP and IPAP’s titration before-
hand for our recruited patients. An end tidal CO, (ETCO,) ana-
lyzer (compact airway module M-COVX, Datex-Ohmeda,
Helsinki, Finland) was connected to the nasal cannula which
passed through the gastric port of the mask of a ventilator; the
IPAP was always set as the lowest pressure to keep ETCO, <45
c¢cmH,0 for all three modes.

While the IPAP was kept the same across all three modes,
the EPAP was varied with different modes. In mode 1, EPAP
was chosen as the lowest pressure for stop of snoring. In mode
2, EPAP was fixed as the level of 3 cmH,0 higher than that in
mode 1 for each patient. In mode 3 (auto-trilevel PAP thera-
py), the EPAP levels varied from the early period (beginning
stage) to the end EPAP (EEPAP) of treatment. Although the
beginning EPAP stage was kept unchanged from mode 1, the
EEPAP automatically rised based on the alteration in ventila-
tion volume. Mode 3 belongs to auto-trilevel NIV mode. Each
single NIV mode was applied per night for 8 h with an interval
of two nights when no NIV therapy was conducted at this
washout duration.

Blood gas analysis

Arterial blood gas analysis was performed at 9:00 P.M. just
prior to PAP therapy and at 6:00 A.M. just after nocturnal NIV
treatment. When IPAP was titrated, ETCO, was constantly
monitored through a nasal mask as previously reported [6].

Anthropometric tests
Following each night of NIV treatment, all patients were mea-

sured for their body height (BH), body weight (BW), body
mass index (BMI), and morning blood pressure at 6:00 A.M.

Judgment of drowsiness during the day
All patients’ extent of sleepiness at the day just prior to and

after NIV treatment was judged by the questionnaire of
Epworth sleepiness scale (ESS) [11].
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Statistical analysis

Values were displayed as mean + standard deviation (SD) for
continuous variables. ANOVA of repeated measures data was
done to reveal any statistical difference among the 3 modes
(p <0.05). If Mauchly’s test of sphericity was not satisfied, the
Greenhouse-Geisser adjustment result was performed.
Bonferroni adjustment was applied for multiple comparisons.
Statistical software, SPSS version of 13.0 for Windows
(SPSS, Chicago, IL), was used for data analysis.

Results

Basement condition of recruited patients and PAP
levels

The general condition of recruited patients and ventilator PAP
levels were shown in Table 1. As our enrolled patients dem-
onstrated various extent of CO, retention, the average IPAP in
NIV treatment was kept relatively higher. Both the sleepiness
during the day judged with ESS and PaCO, at 6:00 A.M.
showed no statistical difference prior to each NIV mode ther-
apy (all P>0.05) (Table 1).

Alteration in sleep respiratory parameters by NIV
treatment

The AHI prior to NIV therapy was remarkably decreased at
each mode of NIV therapy (all P <0.01). Comparison among
three NIV modes revealed a significant difference in AHI
from mode 1 to mode 2 NIV treatment and from mode 1 to
mode 3 NIV treatment (all P <0.05). However, no significant

Table 1 The basement

condition and NIV Variables

parameters of recruited

subjects (X %+ s) N 23
Men/women 15/8
Age (years) 37.4+12.6
Body height (cm) 1743+6.2
Body weight (kg) 98.4+93
BMI (kg/m?) 353432
IPAP 1-3 (cmH,0) 19.6+24
EPAP 1 (cmH,0) 74+13
EPAP 2 (cmH,0) 104+14
EPAP 3 (cmH,0) 74+13
EEPAP 3 (cmH,0) 9.7+1.8

BMI, body mass index; /PAP 1-3, IPAP at
modes 1, 2, and 3; EPAPI, EPAP at mode
1; EPAP2, EPAP at mode 2; EPAP3, EPAP
at mode 3; EEPAP3, EEPAP at mode 3

@ Springer

difference in AHI was demonstrated between mode 2 and
mode 3 NIV treatment (P> 0.05) (Table 2). Further dividing
AHI into obstructive apnea hypopnea index (OAHI) and cen-
tral apnea hypopnea index (CAHI), we found that both OAHI
and CAHI were significantly lower during three modes of
NIV therapy than those before NIV therapy (all P<0.01).
Comparison among three NIV treatment modes demonstrated
that the OAHI in mode 2 and mode 3 showed no significant
difference (P> 0.05), but was statistically lower than that in
mode 1 (all P<0.05). The CAHI displayed no significant
difference among three NIV modes (all P> 0.05) (Table 2).

The miniSpO, levels before NIV treatment were all obvi-
ously elevated by each NIV treatment mode (all P<0.01).
The miniSpO, during mode 1 NIV treatment was remarkably
lower than that at mode 2 and mode 3 NIV treatment
(P<0.01), but no significant difference in miniSpO, was de-
tected between mode 2 and mode 3 NIV treatment (P > 0.05)
(Table 2).

The PaCO, at 6:00 A.M. following nocturnal NIV therapy
were invariably decreased in all three modes of NIV treat-
ment, compared with that before NIV treatment (all
P <0.01). Evaluation of post-NIV PaCO, levels showed a
significant difference not only between mode 1 and mode 2
but also between mode 2 and mode 3 NIV treatment (all
P <0.05), even though no significant changes was found be-
tween mode 1 and mode 3 NIV treatment (P > 0.05) (Table 2).

Influence of NIV mode variation to sleep quality

The arousal index (Al) levels were all obviously lower during
mode 1, mode 2, and mode 3 NIV treatment than Al prior to
NIV treatment (all P <0.05). Evaluation of Al during NIV
treatment at various ventilation modes indicated the Al in
mode 2 was the highest while in mode 3 was the lowest, with
a statistical difference among various NIV treatment
modes(all P <0.05) (Table 2).

The N1+N2/TST% prior to NIV treatment noticeably de-
clined during all three modes of NIV treatment (all P <0.01).
Evaluation of N1+N2/TST% between various modes of NIV
treatment demonstrated a significant change not only from
mode 1 to mode 2 but also from mode 1 to mode 3 NIV
treatment (all P < 0.05)with no significant difference between
mode 2 and mode 3 (P >0.05) (Table 2).

The N3/TST% during all three modes of NIV treatment
became obviously higher than that prior to NIV treatment
(all P<0.01). Comparison among various NIV modes re-
vealed that there was a statistical change of N3/TST% from
mode 1 to mode 2 and from mode 1 to mode 3 NIV treatment
(all P<0.05) with no significant difference between mode 2
and mode 3 (P> 0.05) (Table 2).

Although no significant difference in REM/TST% was
found between mode 1 and before NIV treatment (P > 0.05).
The REM/TST% was significantly higher in mode 2 and
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selectively occur only when they are asleep. Although a rela-
tively higher EPAP is needed during sleep, CO, retention is
also easier to occur if IPAP keeps unchanged because of re-
duced P difference. However, if IPAP level is set too high,
patients can feel discomfort followed by a poorer compliance
with NIV treatment. Auto-trilevel PAP promotes CO, dis-
charge by a lower EPAP at the early expiratory phase and
eliminates residual OSA events with an adjustable higher
EEPAP towards the end expiratory phase under the precondi-
tion that [PAP was kept unchanged during inspiration.

In the current study, two BiPAP modes were applied in
order to compare with auto-trilevel NIV mode. In mode 1,
with a high enough P difference, CO, retention previously
existed was effectively eliminated. However, this resulted in
a relatively higher occurrence of residual OSA events.
Although in mode 2, the residual OSA events were noticeably
removed with a higher EPAP level, a higher PaCO, was re-
sulted in. Auto-trilevel PAP looks like a product of combina-
tion of BIiPAP and auto-EPAP models. The three PAP levels
delivered by the auto-trilevel PAP ventilator, (IPAP, EPAP,
and EEPAP) have unique functions. A relatively high IPAP
with a lower EPAP corrects CO, retention and a relatively
elevated EEPAP reduces residual OSA because UA is easier
to collapse at the end stage of expiration when intrinsic airway
pressure tends to be quite low. By auto-regulating EPAP based
on patients’ real-time ventilation volume, auto-trilevel PAP
ventilation is available for synchronized removal of both
CO, retention and residual OSA events [6].

By enrollment of 23 OHS patients with moderate or severe
OSAHS and comparison before and during two different as-
sistant ventilation models, the current study indicated that the
auto-trilevel PAP model was more effective in controlling
sleep breathing disorder, respiratory effort related arousal
and CO, retention and achieving better sleep quality and com-
pliance with PAP treatment.

In conclusion, our preliminary clinical observation demon-
strated that auto-trilevel NIV treatment was more efficacious than
conventional BiPAP NIV treatment for OHS patients with con-
current moderate or severe OSAHS, since such a novel NIV
mode could result in lower nocturnal apnea and hypopnea index,
better sleep quality, less daytime drowsiness, and simultaneously
removal of CO, retention.
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