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Introduction Laser uvulopalatoplasty is an established operation for the treatment of
snoring with good results on a short-term basis, while long-term follow-up studies, in
addition to their scarcity, had conflicting results regarding recurrence, the change of
snoring quality, and complications.

Objective To assess the long-term follow-up results of using nonablative 2,940 nm
Erbium: YAG for the treatment of snoring regarding outcomes and recurrence.
Methods This 2-year follow-up study was conducted on 76 patients operated upon by
non-ablative 2940 nm Erbium: yttrium-aluminum-garnet (YAG) using a PS0O1 patterned
headpiece. Subjective evaluation of the treatment was performed relying on a
smartphone application to record snoring in addition to a questionnaire specially
designed to report recurrence and change in the quality of snoring reported by a
patient’s spouse. The objective evaluation was done by computed tomography (CT)
imaging of the soft palate. The patients were evaluated preoperatively, 6 weeks
postoperatively and after a 2-year follow-up period.

Results Six week after the procedure, there was a significant improvement in 52
patients (68.4%). Out of the 52 patients, only 43 completed the 2-year follow-up;
however, 15 of them complained of recurrence. Nevertheless, the patients who
suffered from recurrence showed subjective improvement in snoring quality.
Conclusions The nonablative mode of Erbium: YAG 2,940 nm laser proved to be
efficient in soft palate tightening for the management of snoring. However, there was
recurrence in 34.8% of the patients who presented objective and subjective improve-
ment of the complaints, 6 weeks postoperatively and after a 2-year follow-up period.
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The Treatment of Snoring with 2,940-nm Erbium: YAG Laser

Introduction

Snoring is a common form of sleep-disordered breathing,
which affects more than 30% of the adults in the worldwide
population. It is commonly due to obesity, nasal obstruction,
or other factors related with the soft palate, tonsils, uvula,
base of the tongue, and lateral pharyngeal walls. Often, the
problem is caused by vibration of the pharyngeal soft tissue,
most commonly redundant soft palate and an elongated
uvula. Therefore, in such cases, the treatment focuses on
reducing these vibrations.'™ Snoring is often associated
with obstructive sleep apnea (OSA).>’ There have been
many options for the treatment of snoring, for instance, in
some cases, a possible treatment is by lifestyle changes, such
as diet, exercise, cessation of smoking or alcohol intake, and
changing the sleeping position.®~'2 On the other hand, many
surgical techniques have been advocated in the search for the
optimal treatment of snoring. Procedures including tradi-
tional uvulopalatopharyngoplasty, electrocautery, lasers,
and radiofrequency have been applied. However, surgical
procedures may be associated with some significant com-
plications, such as pain, hemorrhage, infection, scarring, and
malfunction.’>'> The Er: YAG laser is a solid-state laser,
which emits a wavelength of 2,940 nm in the mid-infrared
region with minimal depth of penetration. It can be used in
either an ablative or nonablative mode. In the case of non-
ablative modes, it is reported to be an effective and noninva-
sive method for soft palate tightening without postoperative
complications that other types of ablative lasers may
cause.'6"18

The present study aimed to evaluate the short and long-
term outcomes of the nonablative mode of Erbium: YAG laser
in the treatment of snoring without OSA, regarding improve-
ment and recurrence.

Materials and Methods

The study was conducted according to the criteria set by the
declaration of Helsinki. The scientific ethical committee and
the medical ethics board approved the study. Eighty-eight
patients complaining of snoring without OSA presented to
the ear, nose, and throat (ENT) outpatient clinic, in the period
from January 2017 until March 2018. Out of 88 patients, 76
met all inclusion criteria. The patients signed the informed
consent forms after being sufficiently informed about laser
therapy, its benefits, and possible risks. Besides, personnel
information, age, height, weight, address, phone numbers,
and occupation were all registered.

The patients’ age ranged from 50 to70 years (mean 60 + 5
years), 54 males and 22 females, and their body mass index
were below 30. All patients were subjected to full clinical
examination including oropharyngeal examination, nasal
endoscopy, and Muller maneuver, besides medical history
reporting. The patients were referred to the sleep laboratory
unit for level-one sleep study polysomnography examina-
tion, in which patients with apnea/hypopnea index (AHI) > 5
and respiratory distress index (RDI)>5 events/hour were
excluded. The exclusion criteria also included patients suf-
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fering from systemicillness such as hypertension or diabetes,
pregnant women, and patients using photosensitive medi-
cations. Also, patients who were complaining of nasal ob-
struction, hypertrophied tonsils (more than grade 2
according to the Brodsky grading scale), marked tongue
enlargement, characterized by a highly arched tongue, and
increase in its transverse axis as revealed by computed
tomography (CT) examination were excluded. In this study,
all the included patients with redundant soft palate and
uvula were considered class 3 according to the Mallampati
score modified by Friedman (visualization of only the base of
the uvula). Other scores were excluded, as the higher the
scores, the more likely those patients would develop OSA,
while patients with lower scores might not suffer from the
redundant soft palate.

The patients were operated upon by 2,940 nm Erbium:
YAG for soft palate tightening. Each patient completed a
nonablative laser procedure protocol that consisted of 3
sessions, 2 weeks apart over 6 weeks. The sessions were
completed even though the patient felt some improvement,
to achieve complete satisfaction of the patients. The three
sessions protocol was adopted based on a previous pilot
study performed by the authors. The procedure was per-
formed under local anesthesia; the patient adopted a sitting
position wearing protective glasses. Local anesthesia was
initiated with a 10% lidocaine spray directed at the soft
palate, then maintained by placing a cotton swab moistened
with lidocaine over the soft palate utilizing an artery forceps
and held in place for 2 minutes. This did not only achieve the
primary effect of anesthesia but also prevented the gag reflex
that may follow. The Er: YAG laser (Fotona Xs Dynamics,
Slovenia) equipped with a PSO1 patterned handpiece and
spot size 7 mm diameter was used. The parameters applied
were nonablative and minimally invasive. Energy fluency of
2.4]J/cm2 was used with a very long pulse (VLP) duration
mode and frequency of 8 Hz. The palatoglossal arch, palato-
pharyngeal arch, soft palate, and uvula were the target
tissues to be lased four times in a precise manner either
vertically or horizontally (depending on the region)
(=Fig. 1). The tip of the laser handpiece was placed in a
non-contact mode ~ 3 cm away from the targeted tissue, and
the session lasted 15 minutes. As the treatment was non-
ablative, there were no special postoperative medications
prescribed or pain killers. The patients were asked to inform
us by phone about any discomfort or complaints after each
laser session, throughout the short-term and during the
long-term follow-up periods.

In addition to the patient’s spouse reporting the changes
in the quality of snoring, a subjective evaluation was con-
ducted by calculating the snoring scores of the participating
patients before and after laser treatment utilizing a smart-
phone downloaded application called Snorelab (Reviva Ltd.,
London, United Kingdom)'®~2! (~Fig. 2).

A higher snore score indicated louder or more frequent
snoring, while a lower snore score indicated quiet and/or less
frequent snoring. To ensure the accuracy and credibility of
the results, the reported scores represented a mean of three
successive readings over one week while sleeping in a
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Fig. 1 Areas that were lased. 1 - Palatoglossal arch. 2 - Palatophar-
yngeal arch. 3 - Soft palate. 4 - Uvula.

separate room to avoid any intruding noise. These values
were achieved by using effective algorithms, as the applica-
tion records and calculates a snoring score. The estimated
snoring scores were calculated using the total duration of
suspected snoring episodes during the night and the average
volume of the snoring events relative to a baseline volume
level of ~ 40 dB. Light snoring volume was considered if the
value was < 50dB, while loud snoring was considered if the
volume was > 50 dB, and, finally, “epic” snoring if the volume
was > 60dB (~Table 1).

The objective evaluation of our results was performed by
CT imaging of the soft palate, before the treatment and
6 weeks postoperatively, while in the long-term follow-up
period, it was excluded to avoid financial burden on the
patients. The length of the soft palate was determined by
measuring the distance between the posterior nasal spine
(posterior end of the hard palate) to the tip of the uvula in
mid-sagittal sections.
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Fig. 2 Smart phone application (snore laboratory).

All patients underwent unenhanced multi-slice com-
puted tomography (MSCT) studies using a 32-detector
multislice CT scanner. The CT acquisition was designed
to cover the entirety of the nasopharynx down to the
upper larynx in a craniocaudal extent. The CT parameters
were 120kV, 200 mA, 2.5 mm nominal section thickness, a
slice pitch of 2, and 2.5-mm reconstruction thickness. The
patients were requested to hold their breath during the

Table 1 Classification of snoring score grades with corresponding volume, duration and frequency

Grade Snore score (represents | Snoring volume in dB Snoring quality according to spouse questionnaire
volume and duration)

Grade 1 | Score below 30 Base line ~ 40dB Snoring rarely annoys partner

Grade2 | Score between 30-59 Light snoring: volume < 50dB | Occasional snoring that sometimes disturbs partner

Grade 3 | Score between 60-89 loud snoring: volume > 50dB | Disturbs partner most of the night

Grade 4 | Score above 90 Epic snoring: volume > 60dB | Partner sleeps in a separate room every night
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Table 2 Improvement of snoring score grades in 24 patients who were not completely relieved 6 weeks postoperatively

Number of patients classified according Number of patients classified according to their snoring score

to their snoring score grade preoperatively grade postoperatively

lber=cay Grade 1 Grade 2 Grade 3 Grade 4
0 (grade 1) 0 0 0 0

5 (grade 2) — 4 1 0 0

9 (grade 3) — 0 7 2 0

10 (grade 4) — 0 2 4 4

study with acquisition time of ~ 12 seconds. All images
were transferred to the workstation for postprocessing.
Multiplanar reconstruction (MPR) was performed for all
patients.

Statistical Analysis

The data collected were processed using the IBM SPSS
Statistics for Windows, Version 22.0 software package
(IBM Corp., Armonk, NY, USA). The quantitative data were
expressed as means + standard deviation (SD), while the
qualitative data were expressed as numbers and percentages.
The Student t-test was used to compare the significance of
the difference for the quantitative variables that followed a
normal distribution.

Results

Seventy-six patients completed 3 sessions of laser treatments,
and the outcomes were evaluated 6 weeks postoperatively, and
once again after 24 months. The majority of the patients
expressed their satisfaction through phone calls, even after
two laser sessions, while a small number of patients com-
plained of mild pain after the treatment. No intraoperative or
postoperative bleeding or scarring was reported or detected.
The subjective evaluation of the results was based on the data
delivered by the patients six weeks postoperatively after using
the snore laboratory app and feedback from the patient spouse
about the quality of snoring. Fifty-two patients (68.4%) de-
clared their complete relief of snoring as evidenced by snore
score 25, while 24 patients (31.6%) were not satisfied, as they
felt slight improvement.

Hereby, aiming to assess the improvement of the unsatis-
fied patients, we compared their snoring scores grades
preoperatively with their postoperative scores. The results
showed that 17 of those patients were promoted to lower
snoring score grades, while 7 patients felt some improve-
ment, but it was not enough to change their snoring score
grades. The results are listed in =Table 2 and summed up
in =Table 3.

The results in = Tables 2 and 3 showed that even though the
24 patients who were not satisfied got better, and the treat-
ment improved their snoring scores significantly, moreover,
this was supported by the slight shrinkage in the soft palate
revealed by CT imaging, which was our method for objective
evaluation of our patients (~Table 4) (~Figs. 3 a and 3 b).
Those patients needed additional laser sessions to achieve
complete relief of snoring. But since we were committed to our
three sessions treatment protocol, we decided to exclude them
from the further long-term follow-up study, taking into ac-
count only the 52 patients who declared their complete
satisfaction evidenced by better snore scores and CT imaging.

During the 2-year follow-up period, 9 of our patients
dropped out for personal reasons (irrelevant to treatment),
and only 43 patients completed the long-term follow-up.
Fifteen patients out of the 43 (34.8%) reported recurrence of
snoring. On comparing their pre and postoperative snore
scores as shown in =Table 5 and summed up in =Table 6, the
change in their snore score grades was not significant.

Assessment of the body mass index of the participating
patients after 6 weeks revealed no change, while in the long-
term follow-up period, there was a change in the reported
values, yet it was not significant.

Table 3 Preoperative compared with 6 weeks postoperatively snoring score grades for 24 patients who were not completely

relieved
Preoperative Postoperative Chi squared test P-value
Snore score grade N=24 Percentage Score N =24 Percentage X?=17.51 0.001™
1 0 0% 1 4 16.6%
2 5 20.8% 2 10 41.6%
3 9 37.5% 3 25%
4 10 41.6% 4 16.6%

Chi-squared test is significant at the 95% confidence level.
**Significant p < 0.01.
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Table 4 Changes in the mean length of the soft palate (in mm) of 52 patients who were totally relieved compared with that of 24
patients who were slightly improved

Number of patients Mean length of soft palate in mm +SD P-value
Preoperative Postoperative (6 weeks)
Total improvement 41545 37.4+6 0.000259
52 patients
Slight improvement 42.6+2 41.2+3 0.06341
24 patients

Abbreviation: SD, standard deviation.
High significant difference in the mean length of soft palate for patients who showed total improvement.

Fig. 3 (A): Preoperative computed tomography image for a patient with a redundant elongated soft palate. (B) Six weeks postoperative
computed tomography image of the same patient showing the shrinkage of the soft palate.

Table 5 Improvement of snoring score grades in 15 patients who suffered snoring recurrence 24 months postoperatively

Number of patients classified Number of patients classified according to their snoring score grade
according to their snoring score 24 months postoperatively

grade|pregperatively Grade 1 Grade 2 Grade 3 Grade 4
(number =15)

0 (grade 1) 0 0 0

1 (grade 2) — 0 1 0 0

4 (grade 3) — 0 3 1 0

10 (grade 4) — 0 0 10 0

Table 6 Comparison of preoperative and 24-month postoperative snoring score grades of 15 patients who suffered snoring

recurrence
Preoperative Postoperative Chi squared test P-value
snore score grade N=15 percent score N=15 percent X?=0.64 0.445
1 0% 1 0 0%
2 6.6% 2 26.6%
3 4 26.6% 3 11 73.3%
4 10 66.6% 4 0 0%

Chi-squared test is not significant at the 95% confidence level (2-tailed).

P-value not significant.
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Discussion

Many types of surgical procedures for the management of
snoring have been reported in the literature.>??~2* Besides
these surgical treatments, some nonsurgical procedures are
available.'®' Their main goal is to find a simple, safe,
bloodless, and effective procedure that leads to a speedy
recovery with no fibrosis or scarring, thus allowing patients
to return to their normal daily life.

The use of different types of lasers for uvulopalatoplasty
(LAUP) has been well recognized to reduce snoring. Ablative
types of the laser, such as carbon dioxide or diode laser, have
proven to be efficient for the treatment of snoring with
variable clinical success rates. However, there were reports
on complications such as bleeding, pain, scarring, and fibro-
sis.?>?% Although non-ablative Er: YAG laser for soft palate
tightening has been introduced as a noninvasive therapy for
snoring, very few long-term follow-up studies are available
in the literature regarding success rates and recurrence. This
prompted us to investigate the outcomes of this relatively
recent technique on the short and long-term follow-up
regarding efficacy and recurrence.

The use of Er: YAG laser in a nonablative mode would
result in hyperthermia. This may cause an increase in the
production of collagen fibers type I, which are found in the
tissues of the soft palate and uvula, resulting in the reduction
of pharyngeal soft-tissue collapsibility, thus opening the
airway and decreasing snoring.?’~3°

In a study by Liu et al.,?” in vivo histological investigations
on mouse models revealed that the laser photothermic effect
increased fibroblast proliferation and the synthesis of both
collagens type I and type IIl. They concluded that collagen
remodeling and synthesis was due to laser temperature
effects inside the lower dermis responsible for skin
tightening.

Unver et a assessed the effects of nonablative Er.
YAG laser irradiation on the histological structure of the
soft palate in rats. They reported that the laser thermal
effect led to contraction of the pharyngeal soft tissue,
which eliminated its vibrations and resulted in airway
expansion. Meanwhile, the mucosa remained intact, with
no bleeding, severe inflammation, necrosis, or any other
complications.

In a study by Miracki and Vizintin,’ they reported that
74% of patients responded positively to the treatment. The
average snoring severity scores before and at the first 2
follow-ups (at 14 and 45 days) improved by 50.5%, while
the average total sleep disordered breathing (SDB) score
improved by 46%. Svahnstrém K.'® reported an 80% success
rate in addition to great improvement in the lifestyle of
patients as they could breathe much easier, suffer fewer
headaches, and be more alert and focused. Cameron Y.S.
Lee® achieved much better results — a 85.7% success rate —
with a short follow-up period (12 weeks) and a small number
of patients as he reported 6 out of 7 patients experienced an
increase in total oropharyngeal airway volume, especially
the most constricted area.

1‘36
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In our study, we used different parameters, a longer
follow-up period, together with a different handpiece
(PSO1), which allows the delivery of energy in patterned
columns, thus promoting collagen production, resulting in
tightening of the soft palate tissue.3®*? The present study
showed that 24 patients were not satisfied with the treat-
ment after 6 weeks; yet, their subjective and objective
evaluations showed that they had improved significantly
(=Tables 2-4). On the other hand, complete relief of snoring
was accomplished in 52 patients, with a success rate 68.4%
6 weeks postoperatively, and, after exclusion of those
patients who dropped out through the long follow-up period,
we reported 34.8% of recurrence in the long-term follow-up
(24 months). However, the recurrent cases did not return to
the baseline concerning their subjective characteristics, as
there was a positive shift of the snoring scores from high to
lower values (=Table 5 and 6), denoting that those cases
improved in snoring quality compared with their preopera-
tive status, although this positive change was not statistically
significant.

We hypothesize that our findings are attributed to the
tightening effect of the Er: YAG laser on the soft palate, which
was evident in the short-term follow-up period as revealed
by CT imaging. This strong effect gradually decreased over
the long-term follow-up period (24 months), which is prob-
ably due to the reduction of collagen fiber bundles with
consequent softening of the soft-palate tissues that led to
snoring recurrence in some patients.

The limitations of this study include the lack of a precise
and accurate method to determine the improvement of the
snoring volume other than the snore laboratory application
as well as the loss of some patients to follow-up.

Conclusions

This long-term follow-up study showed that using the
nonablative mode of Er: YAG laser for soft-palate tightening
yielded good results. There was no blood loss, no scarring,
and it proved to be an efficient modality for the treatment
of snoring in cases with redundant soft palate, with mini-
mal pain and no postoperative complications. Of the 52
patients (68.4%) who were completely relived in the short
term, only 43 patients completed 2 years of follow-up (9
patients dropped out for different reasons), achieving a
65.2% long-term success rate, while 34.8% reported snoring
recurrence.
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