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Introduction

There is universal consensus that
the first-line therapy for obstruc-
tive sleep apnoea/hypopnoea syn-
drome (OSAHS) is continuous
positive airway pressure (CPAP)1

or bilevel positive airway pressure
(BiPAP).2 Continuous positive air-
way pressure therapy helps
patients suffering from OSAHS
more easily during sleep. A CPAP
machine delivers a stream of com-
pressed air through a nasal or face
mask, keeping the upper airway
open by reducing and/or prevent-
ing airway tissue collapse. If con-
sistently used, CPAP can amelio-
rate most of the disease’s ill
effects, including excessive day-
time sleepiness,3 impaired intel-
lectual function,4 and premature

cardiovascular death.5-7 A major
advantage of CPAP therapy is
that it can be easily administered
or discontinued. Unfortunately,
reported patient non-compliance
rates for CPAP are estimated to be
up to 50% or more8 due to a num-
ber of lifestyle factors, including
the physical discomfort that often
results from high CPAP pressures.
Approximately 20% of patients
with OSAHS do not respond to, or
do not tolerate, nasal CPAP.9

The Pillar® procedure consists
of placing tiny polyester implants
in the soft palate in a simple,
office-based procedure using only
local anaesthetic with minimal
morbidity. The Pillar® palatal
implants add structural support
and stiffen the soft palate, elimi-
nating or minimising the soft

palate flutter or collapse that can
cause or contribute to chronic
snoring and obstructive sleep
apnoea. Using this innovative
technique Ho et al.10 demonstrated
successful management of snor-
ing; Friedman et al.,11 concluded
that the Pillar® procedure is rea-
sonably successful in the reduc-
tion of snoring if proper selection
criteria are used, even though
patients with areas of obstruction
other than the palate must be
treated  with adjunctive procedures.

By using Pillar® palatal implants
in combination with CPAP thera-
py it is possible to reduce CPAP
pressure levels and improve
patient compliance (Restore
Medical Inc., St Paul, MN).

The authors report on the
 preliminary results of a Pillar®

Sleep apnoea/hypopnoea syndrome: combination therapy with the Pillar®

palatal implant technique and continuous positive airway pressure (CPAP). A
preliminary report

F. Bertoletti*, A. Indelicato*, P. Banfi** and B. Capolunghi*

*Department of Otorhinolaryngology “Mellino Mellini” Hospital, Chiari (Brescia), Italy; **Fondazione Serena Onlus,
Centro Clinico NeMO, Ospedale Niguarda, Milan, Italy

Key-words. Sleep apnoea/Hypopnoea syndrome (OSAHS); Pillar® Palatal Implant

Abstract. Sleep apnoea/hypopnoea syndrome: combination therapy with the Pillar® palatal implant technique and
 continuous positive airway pressure (CPAP). A preliminary report. The objective of this study was to evaluate the
 possibility of reducing CPAP pressure levels and improving patient adherence to CPAP therapy by stiffening the soft
palate tissue with a Pillar® palatal implant. Many patients have difficulty complying with CPAP therapy if high levels of
airway pressure are necessary for their therapy to be successful.
Twenty-one patients (16 males and 5 females) with moderate to severe OSAHS treated with CPAP therapy underwent
Pillar® palatal treatment in an office-based procedure. The mean age was 49.6 ± 11.2 years, mean baseline body mass
index (BMI) was 31.4 ± 3.2 Kg/m2.
At 3 months follow-up a significant reduction of CPAP pressure levels was found. Mean CPAP pressure levels before
and after Pillar® application were 11.2 ± 1.69 cm H2O vs 9.3 ± 2.5 cm H2O respectively (p < 0.001). 
The Pillar® system is intended for use in stiffening the soft palate tissue, so this minimally invasive procedure, which
was introduced to clinical practice as a treatment for the palatal component of OSAHS, could make it possible to reduce
CPAP pressures and improve patient adherence to CPAP therapy. The preliminary results of this combined therapeutic
approach indicate the safety and efficacy of the treatment of OSAHS. Further studies are needed to evaluate the long-
term results.



252 F. Bertoletti et al.

palatal implant system in combi-
nation with continuous positive
airway pressure therapy in the
management of patients affected
by moderate to severe OSAHS
who hope to reduce CPAP pres-
sure levels caused by a palatal
flutter component. 

Methods

This study was performed in
accordance with the Helsinki
Declaration. The local ethical
committee (Faculty of Mellino
Mellini Hospital, Brescia, Italy)
approved the study design and
each patient gave written
informed consent prior to partici-
pating in the study. 

Twenty-nine patients (21 males
and 8 females) affected by moder-
ate to severe OSAHS treated with
CPAP therapy were enrolled. All
patients had been treated with
CPAP for one year (12 ±
2.3 months) and everyone experi-
enced physical discomfort caused
by high CPAP pressures. Eight
patients were excluded: one had
cardiovascular disease, two suf-
fered from chronic obstructive
pulmonary disease (COPD) and
five had a multilevel OSAHS
component with tongue base
obstruction. The inclusion and
exclusion criteria are outlined in
Table 1. The mean age for the
enrolled study population was
49.6 ± 11.2 years. The mean base-

line body mass index (BMI) was
31.4 ± 3.2 Kg/m2 and there was no
significant change at follow-up.
The mean soft palate length was
30.6 ± 2.5 mm. 

Data collection included the
following:

1) symptoms and signs of
OSAHS;

2) nasopharyngeal, hypopharyn-
geal and oral cavity examina-
tion;

3) general assessment of the
thickness of palatal and pha-
ryngeal mucosa tissues;

4) daytime sleepiness was
assessed by the patient with
the Epworth Sleepiness Scale
(ESS);

5) polisomnography (PSG) in
every patient; baseline unat-
tended polygraphic studies at
home and attended PSG dur-
ing CPAP titration in Hospital
(HC 221 LE Fisher & Paykal,
Auckland, New Zealand).
Before examination, every
patient stopped with CPAP
therapy for 1 week. Two
days later CPAP titration
with Pillar® was made. The
average  CPAP pressure nec-
essary to obtain an AHI 
index < 5 was 11.21 cm H2O.
All patients began CPAP
therapy  to adjust pressure;

6) sleep endoscopy with
propophol sedation to evalu-
ate the palatal component of
OSAHS; at the end of sleep

endoscopy Pillar® palatal
implants were applied;

7) pre- and post-treatment score
levels recorded on a Visual
Analogue Scale (VAS) of 0 to
10;

8) post-procedure morbidity and
complications;

9) one third unattended PSG at
home 3 months after the
Pillar® procedure; before the
examination every patient
stopped CPAP therapy for
1 week. CPAP titration with
Pillar® followed two days
later;

10) measurement of examination
parameters apnoea-hypop-
noea index (AHI), oxygen
desaturation index (ODI),
SpO2, time of registration,
time supine and ESS;

11) analysis of average sleeping
time during CPAP three
months before starting the
treatment and 3 months after
Pillar application.

To detect apnoea/hypopnoea, we
used the portable Embletta device
(Medcare, Iceland). It consisted of
the following: 1) nasal pressure
detector using nasal cannulae/
pressure transducer system,
recording the square root of
 pressure as an index of flow;
2) thoraco-abdominal movement
detection through two piezoelec-
tric belts; 3) fingerpulse oximeter;
and 4) body position detection.
Apnoeas were defined as a com-
plete cessation of airflow and
hypopnoeas as a reduction in tho-
raco-abdominal movement 50%
for 10 seconds (s).12 During the
synchronous validation studies,
hypopnoea on the Embletta device
was also scored in a separate ses-
sion as a reduction in the nasal
pressure amplitude of 50% for
10 s.13

Table 1

Inclusion and exclusion criteria for the study

Inclusion    Exclusion

Age between 30 and 70 years Cardiovascular disease
CPAP therapy >10 cm H2O Chronic obstructive pulmonary disease (COPD)
AHI >20 Acute infection of the respiratory tract
BMI >30 Neurological or psychiatric disorder
Provided informed consent Nasal polyps or symptomatic septal deviation
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In this study, the Anti-Snoring
Device (Restore Medical Inc., St
Paul, MN) was a single-use device
consisting of the cylindrical
implant and a delivery tool. The
implant is a polyester filament
18 mm in length with an outer
diameter of 1.5 mm. The delivery
tool consists of a handle and 14-
gauge needle, with the implant
pre-loaded (Figure 1). The
implant is then deployed by
retracting the thumb switch.
Pillar® palatal implants were
introduced at the end of sleep
endoscopy evaluation only in the
OSAHS patients affected by
palatal flutter. The oral cavity was
prepped with chlorhexidine glu-
conate rinse. Local anaesthesia
was carried out using 1% xylo-
caine with adrenaline 1:100,000 in
front of the hard palate-soft palate
junction. Three implants were
placed near the midline. For each
implant the needle was inserted
into the soft palate near the junc-
tion of the hard and soft palate. In
order to minimise the risk of
infection, we used antibiotics pre-
and post-operatively.

Statistical analysis

The data were reported as mean
± SD and paired samples t-testing

(p < 0.01) was performed to evalu-
ate differences in the outcomes
between the subjects due to the
different CPAP pressures before
and after Pillar® application.

Results

The results were based on
21 patients (16 males and
5 females) who were observed for
a period of 90 days. 

Figure 2 shows the data for the
baseline polygraphic study. Mean
AHI was 41.1 ± 5.8 SD, mean
ODI was 40.81 ± 6.1 SD, mean
SpO2 was 93.95 ± 1.40 SD, mean
SpO2 nadir was 73.05 ± 7.6 SD,
and mean ESS was 13.19 ±
1.5 SD. 

The data relating to CPAP titra-
tion in basal conditions are shown
in Figure 3. Three months after
Pillar application, no differences
were found between the apnoea/
hypopnoea index, oxygen desatu-
ration test and nadir SpO2 before
and after Pillar application
(p > 0.01) (Figure 4).

Figure 5 shows the PSG study
during CPAP 3 months after Pillar
application. Significant statistical
differences between average
CPAP pressure levels before and
after Pillar application were

found: 11.21 ± 9.3 cm H2O v.
9.3 ± 2.4 cm H2O respectively
(p < 0.001) (Figure 6). 

Data relating to CPAP
 adherence in the last three months
before starting Pillar treatment
and the same data for the 3 months
of follow-up in the patients
after palatal application showed
 significant differences (5.7 hours
v. 6.36 respectively) (p < 0.001)
(Figures 3,5,7).

Discussion

CPAP therapy compliance has not
been standardised. Some non-
compliance predictors have been
identified. These include BMI
< 30 Kg/m2, AHI < 30, Epworth
Sleepiness score under 15 and
CPAP pressure over 12 cm of
water.14-16

Patients with fixed anatomical
obstructions such as nasal septum
and turbinate deformities or
polyps exhibit increased nasal
 airflow resistances that demand
inordinately high effective
 pressure levels. Of those who
 discontinue CPAP, 30% report
nasal and pharyngeal side effects
as their primary reason.17

BiPAP offers a distinct
 advantage for patients who cannot
tolerate CPAP because of the
reduction of expiratory airway
pressure, minimising the
 perceived discomfort during the
expiratory phase of respiration.
This alternative to CPAP may
also be considered medically
 necessary for OSAHS patients
with concomitant breathing
 disorders, which include  obesity
hypoventilation syndrome (OHS),
chronic obstructive pulmonary
disease. Increases in air pressure
levels in an attempt to improve the
respiratory response in these
patients can be detrimental. 

Figure 1
Pillar palatal implant delivery tool
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The Pillar® palatal procedure
has recently received market
clearance for the treatment of mild
to moderate obstructive sleep
apnoea.18 Rather than removing
tissue surgically or with laser
assistance,19 the procedure is
designed to reinforce the soft
palate. Once in place the inserts
induce a natural tissue response
that is designed to secure them
within the palate and provide
structural support to the soft
palate. The Pillar® palatal
implants system changes the soft
palate structure and its response to
airflow, preserving its normal
function. 

In this pilot study we report on
21 patients receiving CPAP thera-
py for severe OSAHS who were
given Pillar® palatal implants. The
implants are not resorbable and
are therefore intended for perma-
nent implantation. 

Patient Age AHI SpO2 SpO2 ODI Time of Time ESS
average nadir registration supine
(minutes) %

C.L. 56 42 94 66 43 438 67 13
T.V. 48 39 95 70 38 458 86 12
P.F. 61 48 93 73 47 411 54 15
C.P. 43 39 92 63 37 427 76 11
A.G. 39 33 92 59 32 461 46 14
C.M. 58 46 95 63 45 367 38 14
P.B. 35 34 94 78 33 421 29 13
C.B. 67 44 92 71 43 460 45 12
D.M. 69 51 92 59 50 401 33 11
A.I. 31 32 96 80 33 379 68 15
B.F. 45 48 94 69 49 444 39 13
B.P. 44 47 96 74 47 432 66 11
C.B. 54 34 94 81 33 412 77 15
P.L. 53 46 94 78 47 428 62 14
C.B. 39 44 93 72 45 422 51 16
M.R. 33 41 95 81 40 388 41 12
M.D. 66 39 93 80 38 398 38 13
P.L. 44 42 93 74 43 386 45 14
Z.F. 59 39 96 82 39 400 39 11
F.A. 45 44 94 78 45 381 68 14
A.L. 52 31 96 83 30 396 55 14

average 49.5 41.1 93.9 73.0 40.8 414.7 53.4 13.1

SD 11.2 5.8 1.4 7.6 6.1 27.8 16.1 1.5

AHI: apnoea-hypopnoea index; ODI: oxygen desaturation index; ESS: Epworth
Sleepiness Scale Score.

Figure 2
Results of baseline polygraphic study

Patient Age AHI SpO2 SpO2 ODI Time of Time supine CPAP ESS Adherence
average nadir registration % pressure

C.L. 56 2 96 92 1 407 98 13.5 2 6.5
T.V. 48 2 96 93 2 398 87 12 1 5.8
P.F. 61 6 95 89 5 438 80 11.5 2 6.8
C.P. 43 3 94 88 3 453 91 14 2 5.9
A.G. 39 1 95 91 1 433 96 14.5 3 5.7
C.M. 58 4 96 91 3 399 76 11 4 6.1
P.B. 35 3 97 92 3 401 72 9.5 2 4.9
C.B. 67 3 94 91 3 422 82 10 1 5.6
D.M. 69 3 94 90 3 406 59 9 2 6.4
A.I. 31 2 97 93 3 399 71 8.5 2 6.4
B.F. 45 2 97 92 1 382 68 11.5 1 4.3
B.P. 44 1 96 91 1 408 49 12 0 5.5
C.B. 54 0 97 94 0 379 67 9 3 4.2
P.L. 53 4 95 90 3 422 88 13 1 3.9
C.B. 39 8 95 89 6 413 91 12 1 6.5
M.R. 33 3 96 92 3 429 67 11 1 4.1
M.D. 66 5 95 90 4 377 82 10.5 5 5.9
P.L. 44 4 94 88 4 390 78 11.5 3 6.4
Z.F. 59 1 96 93 1 425 81 12 3 7.3
F.A. 45 3 95 90 3 407 39 10.5 3 5.3
A.L. 52 1 96 92 1 379 50 9 2 5.4

average 49.5 2.9 95.5 91 2.5 407.9 74.8 11.2 2.1 5.7

SD 11.2 1.8 1.0 1.6 1.5 20.8 15.8 1.6 1.1 0.9

Figure 3
Baseline polygraphic study during CPAP
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In Friedmann’s study20 also,
group of patients received Pillar
palatal implants. There are, how-
ever, some remarkable differences
with our study group: BMI =
29.3 kg/m2 v. 31.4 kg/m2; palate
length = 2.55 cm V. 3.06 cm; poli-
somnography data also showed
nadir SpO2 = 88.3% v. 66.9% and
AHI = 23.8 v. 39.8. Even with
these selection criteria, Friedmann
reported that only 41.9% of the
patients were treated successfully
with Pillar palatal implants. 

Our data demonstrate a mean
reduction of CPAP pressure levels
of 1.9 cm H2O after 3 months of
Pillar application. This value was
considered high enough to
improve CPAP compliance,
although there was no change to
the sleep apnoea syndrome entity.
Each patient in the study did
indeed experience improved

Patient Age AHI SpO2 SpO2 ODI Time of Time supine CPAP ESS Adherence
average nadir Registration % pressure CPAP with

Pillar

C.L. 56 1 95 91 2 441 54 11 3 7.5
T.V. 48 4 95 90 3 448 78 9.0 2 7.3
P.F. 61 3 93 89 3 398 67 11 1 6.4
C.P. 43 1 94 91 1 377 72 12.5 2 6.2
A.G. 39 0 92 90 1 450 58 13 4 6.1
C.M. 58 0 94 92 1 339 43 9 5 6.9
P.B. 35 3 95 89 2 448 44 8 3 6.2
C.B. 67 6 92 86 5 399 39 8.5 1 5.7
D.M. 69 1 93 90 1 401 46 8 3 6.5
A.I. 31 2 96 92 1 331 72 7 2 6.1
B.F. 45 2 95 90 2 452 69 11 3 5.6
B.P. 44 7 95 88 5 399 79 10 1 6.1
C.B. 54 1 93 89 1 404 63 8.5 4 6.3
P.L. 53 0 94 92 0 433 77 10.5 1 5.8
C.B. 39 0 92 90 0 477 29 11 1 6.6
M.R. 33 0 94 92 0 382 47 9.5 1 6.1
M.D. 66 1 95 92 2 386 45 8.5 4 5.6
P.L. 44 4 92 87 3 449 57 10 2 6.5
Z.F. 59 5 93 86 6 406 41 9.5 2 7.8
F.A. 45 3 96 92 5 423 49 10 1 6.4
A.L. 52 1 98 94 2 387 71 8.5 2 5.8

average 49.5 2.14 94.1 90.1 2.19 410.9 57.1 9.3 2.2 6.3

SD 11.2 2.0 1.5 2.1 1.7 37.8 14.8 2.5 1.2 0.6

Figure 5
Polygraphic study during CPAP 3 months after Pillar application

Patient Age AHI SpO2 SpO2 ODI Time of Time ESS
average nadir registration supine

%

C.L. 56 45 94 68 43 438 67 13
T.V. 48 43 95 74 41 458 86 12
P.F. 61 48 93 71 47 411 54 15
C.P. 43 36 93 63 36 427 76 11
A.G. 39 31 91 78 32 461 46 14
C.M. 58 46 94 69 45 367 38 14
P.B. 35 28 95 78 28 421 29 13
C.B. 67 44 92 71 42 460 45 12
D.M. 69 48 91 59 46 401 33 11
A.I. 31 29 96 78 29 379 68 15
B.F. 45 54 93 69 44 444 39 13
B.P. 44 47 96 74 45 432 66 11
C.B. 54 34 94 81 34 412 77 15
P.L. 53 43 94 78 42 428 62 14
C.B. 39 42 93 72 42 422 51 16
M.R. 33 38 95 81 36 388 41 12
M.D. 66 39 93 80 38 398 38 13
P.L. 44 42 93 74 41 386 45 14
Z.F. 59 36 96 82 35 400 39 11
F.A. 45 44 94 78 45 381 68 14
A.L. 52 29 96 83 30 396 55 14

average 49.5 40.2 93.8 74.3 39.1 414.7 53.4 13.1

SD 11.2 7.1 1.5 6.3 5.9 27.8 16.1 1.5

Figure 4
Baseline polygraphic study 3 months after Pillar application
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 tolerance of CPAP therapy, which
was expressed as enhanced
adherence . Significant differences
were found between adherence to
CPAP before and after Pillar
application (Figure 7). We believe
that Pillar® implants really added
the structural support to the soft
palate necessary to reduce CPAP
pressure levels.

We are aware, nevertheless, that
this work provides useful prelimi-
nary results, and that more studies
with many patients and long-term
follow-up are required.

Conclusions

Patients affected by moderate
to severe OSAHS in ventilatory
therapy  due to palatal flutter may
be treated with Pillar palatal
implants to improve CPAP com-
pliance.

Although we are aware that
definitive conclusions are not pos-
sible on the basis of our data, we
observed such a good result in
comparison to the minimum dis-
comfort and absence of the com-
plications that we feel justified in

affirming that the combination of
CPAP therapy and the Pillar mini-
invasive surgical procedure is an
effective approach for selected
cases of OSAHS with a palatal
component.

Further follow-up is needed to
evaluate the long-term effective-
ness of this combined approach to
OSAHS.
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