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Obstructive sleep apnea hypopnea syndrome (OSAHS) has become an important
public health concern. Although numerous treatments have been used, noninvasive and
convenient methods are always desirable. This study aimed to evaluate the therapeutic
effect of Er:YAG laser on OSAHS. Fifty-four mild OSAHS patients received Er:YAG laser
therapy. The snoring severity and sleep quality were measured before the treatment,
immediately after the 1st, 2nd and 3rd treatments, and after 3, 6 and 12 months. The
patients’ pain intensity, oropharyngeal feelings and satisfaction were recorded during
the therapeutic period. We also measured the apnea hyponea index (AHI), average apnea
duration and percentage of saturated oxygen (Sa0%) immediately after the completion
of laser therapy and 12 months of follow-up with polysomnography (PSG). After Er:YAG
laser therapy, the patients’ snoring severity and sleep quality gradually improved over
time compared with the pretreatment scores (P<0.05), and they were still lower than
the original state until the end of the 12 months’ follow-up (P<0.05). The pain score
of the patients during the treatment period was low, and the oropharyngeal feelings
were evidenced by throat dryness (approximately 90%) and palatal paresthesia (12.96
~20.37%). Additionlly, the patients showed well satisfaction with Er:YAG laser therapy.
Moreover, the AHI and average apnea duration were lower after finishing the treatment
and 12 months’ follow-up than those of the pretreatment groups (P<0.05). These results
showed us the Er:YAG laser could effectively improve the symptoms of OSAHS, indicating
it as a minimally invasive method for alleviating OSAHS.

Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) is

and cardiovascular diseases, leading to increased morbidity and
mortality [2]. Although various treatments, such as continuous

characterized by recurrent episodes of partial or complete upper
airway collapse during sleep that is highlighted by a reduction
in or complete cessation of airflow despite documented going
inspiratory efforts [1]. OSAHS is being increasingly identified
as an important health issue. Additionally, this syndrome is
considered an independent risk factor for hypertension, diabetes

positive airway pressure [3] and uvulopalatopharyngoplasty [4]
have been used to treat OSAHS, certain drawbacks, including
foreign body sensation, discomfort and postoperative pain, still
limit their popularization and application. Laser has been widely
used in bio-medical field in recent years, and it attracts the great
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interests and attentions of many clinicians and researchers. The
wavelength of the Er:YAG laser is 2940 nm, and this wavelength
determines its character to produce excellent energy absorption in
water. In addition, Er:YAG laser has a limited depth of penetration
through the tissue which exerts less damages to the adjacent
treated areas and decreased erythema and edema [5]. Moreover,
Er:YAG laser could has the potential to shrink the collagen and
promote neocollagenesis [6,7]. All these merits make it an ideal
laser for intraoral use [8], and scholars have tried to take advantage
of the Er:YAG laser to treat snoring and have achieved positive
effects recently [9-11]. However, except for snoring, which is the
typical clinical manifestation of OSAHS, the patients often present
with apnea, hypoventilation, and hypoxemia. Until now, few studies
focus on the Er:YAG laser treatment of OSAHS, and there is still a lack
of detailed clinical efficacy evaluations for this therapeutic method.
Therefore, this study aimed to adopt an Er:YAG laser to treat
OSAHS patients and conducted a preoperative and postoperative
questionnaire survey and polysomnography measurements to
understand and evaluate the clinical efficacy of the Er:YAG laser
treatment for OSAHS.

Materials and Methods

Study Population

A total of 54 subjects (30 males and 24 females) with an aver-
age age of 47.6 years (range = 48-65 years) were enrolled in the
study. Adult subjects with mild OSAHS diagnosed by PSG with an
apnea hypopnea index (AHI) of 5-15 and a body mass index (BMI)
of less than 30 were recruited. Those individuals with the follow-
ing characteristics, namely, younger than 18, taking photosensitive
drugs, pregnant, a nasal cavity obstruction (e.g., obvious deviation,
polyps, adenoids, or turbinate hypertrophy), experiencing any oth-

er surgical treatment that may affect snoring (e.g., tonsillectomy or
nasal surgery), or have been diagnosed with central OSAHS, were
excluded [10,11]. All subjects provided signed, informed consent
prior to enrollment. The study was performed from December
2016 to March 2019. This investigation was approved by the Ethics
Committee of School of Stomatology, The Fourth Military Medical
University (IRB-REV-2016049), and the experiments were per-
formed in accordance with the Declaration of Helsinki for humans.

Measuring Equipment and Procedure

All patients were treated with an Er:YAG laser (Fotona, Slovenia)
using a PS03 handpiece. We used the laser parameters and the
treatment protocol according to the manufacturer’s instructions
with a slight modification and performed the coverage of the
defined regions using the so-called manual brushing technique
and noncontact mode [9]. Specifically, the laser parameters were
set as follows: linearly polarized mode; pulse width, 600um; spot
diameter, 7 mm; frequency, 10 Hz; average output power, 5.2-6.9
Watt and energy density 1.3-1.8]/cm? according to the participant’s
tolerance. The Er:YAG laser energy was applied to eight mouth
and throat regions: the anterior pillar extending to the outer face
up to the retromolar region and posterior third of the cheek (two
symmetrical regions); the soft palate and uvula with the lower part
of hard palate (two symmetrical regions); the posterior pillars
and tonsils (two symmetrical regions); and the lateral and bottom
sides of the tongue (two symmetrical regions) (Figure 1) [11]. Gag
reflexes were overcome using relaxing breathing techniques, or a
topical lidocaine spray. Every patient was treated three times (on
the 1t day (1% Tre.), 15" day (2nd Tre.), and 45" day (3" Tre.)) with
a total of 10000 to 14000 laser pulses delivered per session. The
doctors, nurses and patients wore goggles to protect their eyes
during the treatment.

Figure 1: Schematic diagram of the Er:YAG laser irradiation area in the mouth. Regions 1 and 3: the anterior pillar extending to
the outer face up to the retromolar region and posterior third of the cheek; Regions 2 and 4: the soft palate and uvula with the
lower part of hard palate (two symmetrical regions); Regions 5 and 6: the posterior pillars and tonsils; and Regions 7 and 8: the
lateral and bottom sides of the tongue (two symmetrical regions).
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Evaluation Methodology

Assessments were performed before the treatment (Pre. Tre.),
post the 1t treatment (Post 1*' Tre.), post the 2" treatment (Post 2™
Tre.), post the 3™ treatment (Post 3" Tre.), and during follow-ups at
3 months (follow-up 3 m), 6 months (follow-up 6 m) and 12 months
(follow-up 12 m). At each time point, the patients’ bed partners
were interviewed regarding the patients’ snoring severity with
an eleven-point scale (0-10), and the patients’ sleep quality were
evaluated by the Pittsburgh sleep quality index (PSQI) [12] and
Epworth Sleepiness Scale (ESS) [13]. In addition, immediately after
each treatment session, the pain response was measured on a visual
analog scale (VAS) (from 0=no pain to 10=very severe pain) [14], a
questionnaire was used to evaluate the subjective satisfaction on
a scale of 0-3 (0=not satisfied; 1=somewhat satisfied; 2=satisfied;
3=very satisfied), and the oropharyngeal sensations, such as

pharyngeal dryness and palatal paresthesia, were recorded at the

Results

Intraoral View

same time. Moreover, we collected and compared the AHI, average
apnea duration, and percentage of saturated oxygen (Sa0%) of 49
patients before and after Er:YAG laser therapy and 12 months of
follow-up (5 patients disagreed to receive PSG reexamination after

treatment or during follow-up because of the cost or time).

Statistical Analysis

All the data were analyzed with SPSS 17.0 software (SPSS
Inc.,, Chicago, IL, USA). The Chi-square test and one-way analysis
of variance were used to test the gender consistency and age
consistency of patients, respectively. The homogeneity of variance
of all the recorded data was tested by the Bartlet t test. The results
of measurement data were expressed as the mean + standard
deviation (S.D.), and the Bonferroni test was used for comparison
among the groups, while the results of counting data were expressed
by rate (%), and comparison among groups was conducted by the
% 2 test. The statistical significance was set at p<0.05.

Figure 2: Typical clinical case treated by the Er:YAG laser. A, intraoral view of Pre. Tre. B, intraoral view of post 1% Tre. C,
intraoral view of post 2™ Tre. D, intraoral view of post 3™ Tre. E, intraoral view of follow-up 3 m. F, intraoral view of follow-up

6 m. G, intraoral view of follow-up 12 m.

Typical clinical case is presented in Figure 2. The airway of
the OSAHS patient was almost completely obstructed before the
Er:YAG laser treatment (Figure 2A). After the 1% Tre., the base of
uvula could be observed (Figure 2B). After the 2™ Tre., the whole
uvula and palatoglossal arch showed up (Figure 2C). When the 3™
Tre. was completed, the uvula, palatoglossal arch, tonsil and even
posteior pharyngeal wall were revealed (Figure 2D). Although the
pharyngeal cavity narrowed gradually during the follow-up period,
partial uvula and palatoglossal arch still showed up at end ((Figure
2E, F, G).

Snoring Severity

The mean snoring severity score gradually decreased after each
Er:YAG laser treatment session and was lower than that of the Pre.
Tre. score (all P<0.05). The score of Post 3" Tre. was lower than the

Post 1%t Tre. one (P<0.05), but no differences were found between
Post 1 Tre. one and Post 2ed Tre. one (P=0.425) as well as between
Post 2™ Tre. one and Post 3™ Tre. one (P=0.621). Although the mean
score of snoring severity gradually increased with the follow-up
time, it was still lower in comparison with that of the Pre. Tre. score
(all P<0.05) (Figure 3).

Sleep Quality Evaluation

The PSQI score before the Er:YAG treatment was highest among
all the measured scores, while the PSQI score after each Er:YAG
laser treatment session gradually decreased with the lowest score
appearing when the therapy was finished (P<0.05). Then, the PSQI
score started to rebound with follow-up time but was still lower
than the Pre. Tre. score (all P<0.05) (Figure 4A). Similar results
were found for the ESS score (Figure 4B).
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Figure 3: The snoring severity of obstructive sleep apnea hypopnea syndrome (OSAHS) patients treated with the Er:YAG laser.
Data were expressed as mean +S.D. * P<0.05 vs. Pre. Tre. and # P<0.05 vs. Post 1°* Tre. (Bonferroni test ).
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Figure 4: The sleep disorder status of OSAHS patients treated with the Er:YAG laser. A. The Pittsburgh sleep quality index
(PSQI) score of OSAHS patients treated with the Er:YAG laser. B, The Epworth sleepiness scale (ESS) score of OSAHS patients
treated with the Er:YAG laser. Data were expressed as mean +S.D. * P<0.05 vs. Pre. Tre. and # P<0.05 vs. Post 1st Tre. (Bonferroni

test ).

Pain Response

The VAS measurements showed that the pain degree scores
after each Er:YAG laser treatment session were approximately 4,
and no significant differences were found among the treatments
(P=0.476).

Oropharyngeal Feeling

Based on the interview results, pharyngeal dryness existed
in approximately 90% of patients during each Er:YAG treatment
session. The occurrence of palatal paresthesia was between

12.96% and 20.37%, with the main symptoms as “burning feeling”,
“acmesthesia” or “ant crawling” (Table 1). All these oropharyngeal

feelings disappeared within the next day or two.

Satisfaction Evaluation

The patients showed good satisfaction after each Er:YAG laser
treatment with an increasing trend. Of all the patients, when the
therapy was finished, 24.07% (13 patients) said that they were very
satisfied, 55.56% (30 patients) that they were satisfied, 14.81% (8
patients) reported being somewhat satisfied, and only 5.56% (3
patient) reported being not satisfied with the treatment (Table 2).

Table 1: The oropharyngeal feeling of obstructive sleep apnea hypopnea syndrome (OSAHS) patients treated with Er:YAG laser.

Pharyngeal dryness [n(%)]

Palatal paresthesia [n(%)]

Yes No Yes No
1t Tre. 48 (88.89%) 6(11.11%) 11 (20.37%) 43 (79.63%)
2 Tre. 49 (90.74%) 5(9.26%) 11(20.37%) 43 (79.63%)
31 Tre. 48 (88.89%) 6(11.11%) 7 (12.96%) 47 (87.04%)
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Table 2: The oropharyngeal feeling of obstructive sleep apnea hypopnea syndrome (OSAHS) patients treated with Er:YAG laser.

Not satisfied Somewhat satisfied Satisfied Very satisfied
15 Tre. 7 (12.96%) 16 (29.63%) 20 (37.04%) 11 (20.37%)
27 Tre, 2 (3.70%) 15 (27.78%) 28 (51.85%) 9 (16.67%)
3% Tre. 3 (5.56%) 8 (14.81%) 30 (55.56%) 13 (24.07%)
PSG Test were 20.5+6.3 s/h (before), 12.3+4.4 s/h (after) and 16.6+4.7 s/h

Ofthe 54 OSAHS patients, 49 patients finished testing their sleep
situation via PSG before, after and follow-up with the Er:YAG laser
treatment. In those patients who underwent the PSG measurement
three times, the AHI was 12.2+2.1/h (before), 2.7+1.1/h (after) and
5.4£2.5/h (follow-up) (Figure 5A), and the average apnea durations

(follow-up) (Figure 5B). Both indices showed significant differences
among the three tests (P<0.05). There were no differences for
that of Sa0% when compared with the three groups (96.9+0.9%
(before), 97.0+£0.9% (after) and 96.8+0.8% (follow-up), P>0.05)
(Figure 5C).
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Figure 5: The measurement indices obtained from the polysomnography (PSG) test. A, The apnea hyponea index (AHI); B, The
average apnea duration; C, the percentage of saturated oxygen (SaO%). Data were expressed as mean +S.D. * P<0.05 vs. Pre.

Tre. (Bonferroni test ).

Discussion

Since the concept of OSAHS was put forward by American
scholar Guileminault in 1973 [15], people have paid increasingly
more attention to it, and related research on the disease has
gradually deepened. Researchers have recognized OSAHS as a
systemic disease rather than merely snoring and apnea [16,17].
Long-term chronic hypoxia due to OSAHS is harmful to the heart,
brain, kidney, and other systemic organs and is even associated
with increased mortality and morbidity [18].

Although the pathogenesis of OSAHS has not been fully
understood, the direct cause is clear that stenosis and obstruction
occur in the upper airway. As a consequence, the therapeutic
methods of OSAHS mainly focus on symptomatic treatments,
including nonsurgical procedures such as wearing an oral
appliance or a continuous positive airway pressure device [19,20],
and surgical treatment for most severe OSAHS patients [21,22].
However, because of the inconvenience and invasiveness of these
treatments, patients and physicians are still seeking OSAHS
treatment methods that cause less damage and better effects. In
recent years, some dentists proposed the idea of alleviating snoring
with an Er:YAG laser and proved it to be a new, minimally invasive
and painless treatment after conducting tentative studies [9-11].
The laser used in this study is the lattice Er:YAG laser. This laser
could split the water molecules to produce oxygen free radicals
after being absorbed by the water molecules in the oral mucosa,

stimulate fibroblasts to secrete collagen and extracellular matrix
[23-25], and result in the contracture and remodeling of collagen
fibers in the mucosal lamina propria of the treated area [5]. The
tissue contraction effects of Er:YAG laser in this study were obvious
as itgradually opened the patients’ obstructed airway time and time
again evidenced by the tightened uvula, soft palate and surrounding
tissues. Arecent study demonstrated that the oropharyngeal airway
volume significantly increased after the treatment as a result of the
photothermic effects of the Er:YAG lasers [26].

In the present study, the average score of snoring severity
after each Er:YAG laser treatment session was not only lower
than that before treatment but also showed a gradually declining
trend. Moreover, compared with the patients’ initial situations,
the PSQI results showed obviously improved sleep quality, and
the ESS results showed significantly relieved daytime sleepiness
after receiving laser therapy. The above findings demonstrated
that Er:YAG treatment not only reduced the snoring symptoms but
also improved the sleep quality in the patient. An earlier study [27]
involving 21 patients treated by Er:YAG laser indicated an average
snoringreductionafterthefirstsessionbetween30-60% (onaverage
approximately 43%) and after the second session between 50-90%
(average 62%). Additionally, the improvement in the total score of
the questionnaire after the first session increased approximately
45%, while the improvement increased approximately 68% after
the second session. Another study [9] measured the average snoring
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severity score and average sleep disordered breathing score and
showed similar findings with evidence that the former index before
and at the first two follow-ups (at 14 and 45 days) improved by
50.5%, while the latter index improved by 46%. In addition, after
comparing the degree of snoring severity and sleep disturbance
among the three treatments, the scores after the third treatment
session were lower than those after the first treatment session but
not different from those after the second treatment session. These
results suggest that the former two treatments were more effective
in improving OSAHS symptoms, while the third treatment mainly
played a role in maintaining and consolidating the therapeutic
effects.

We investigated patient satisfaction after each Er:YAG laser
treatment, and the results showed good satisfaction. Specifically,
the proportion of satisfied and very satisfied patients increased
with the progress of treatment. The satisfaction rate of the
latter two treatments reached over 90% when the treatment
was completed, indicating that the patients demonstrated good
acceptance for the minimally invasive Er:YAG laser treatment of
OSAHS. This laser therapy is non-ablative, and the mechanism of
action is a photothermal effect causing heating of the treated areas
to a well-controlled temperature [9]. A clinical study has proven
that the scanning irradiation with an Er:YAG laser does not burn the
mucosa tissue in the oropharynx because the temperature of the
treated area was 41.5°C [10]. In another animal study, no exposed
wound, bleeding, or macroscopic necrosis were observed in the
Er:YAG laser irradiation area after sacrificing the animals, and the
researchers noted a submucosal thermal effect at a depth of 0.4
mm with most of the epithelial tissue preserved histopathological
[28]. This effect may be the reason for the lower incidence of
palatal paresthesia and less pain in patients after being treated
with OSAHS by Er:YAG laser in the present study. The pharyngeal
dryness in most patients may be related to the absorption of laser
heat by water in the mucosa as well as the loss of water caused by
the mouth being open for a long time.

In our study, patients were followed up with for 12 months.
Based on the subjective measures of the snoring severity and
sleep disturbance (PSQI and ESS tests), the efficacy of Er:YAG laser
therapy for OSHAS could be maintained for 12 months despite a
decreasing trend with time. In addition, the AHI, average apnea
durations and Sa0% were measured via the PSG test for 49
patients. Except for the Sa0%, the other two observation indices
significantly decreased when Er:YAG laser therapy was finished
and were sustained until the end of the follow-up in spite of the
narrowed pharyngeal cavity. Mirackial & Vizintin [9] stated that
the achieved improvement for the majority of patients (62.5%)
was sustainable or was still improving at 6 months after the laser
treatment, and the percentage of the still sustainable effect at 12-
15 months was 31.3%. Storchi et al. reported that nearly 2/3 of
the patients (71.9%) affirmed that their improvement was stable
after 5 to 24 months (median 18.5 months) [11]. Combined with

our research, it is obvious that the effect of Er:YAG laser therapy on
OSHAS is stable and persistent. The result of unchanged Sa0% in
the present study is consistent with a previous study that showed
no significant difference in the amount of oxygen in the blood
before and after laser treatment [29].

There are still some limitations in this study that need to be
addressed. In the future, we need to further expand the sample
size. Additionally, factors such as the anatomical morphology of the
upper airway, the collagen remodeling ability of the pharynx, and
the gender and age of the patient should be taken into consideration.
Moreover, the selection of laser parameters for specific clinical
indications and longer follow-ups need to be further explored and
clarified in future experiments. In conclusion, this study indicates
that Er:YAG laser treatment is a safe and very successful method
for reducing snoring and sleep apnea and effectively improves the
symptoms of patients diagnosed with mild OSAHS with slight side
effects and high satisfaction. Obviously, OSAHS treatment by Er:YAG
laser has promising application prospects.
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