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Abstract

Background This study seeks to determine the efficacy of
temperature controlled radiofrequency tissue ablation
(TCRFTA) to alleviate symptoms of obstructive sleep apnea
(OSA) and reduce polysomnographic measures of OSA in the
first year post-treatment.

Methods Systematic review and meta-analysis. Two indepen-
dent searches of MEDLINE, EMBASE bibliographic data-
bases, and Evidence Based Medicine Reviews to identify pub-
lications relevant to OSA and TCRFTA. Effectiveness of
TCRFTA was measured separately for application of
TCRFTA at the base of tongue and soft palate, and for multi-
level intervention using the respiratory disturbance index
(RDI), lowest oxygen saturation (LSAT), Epworth sleepiness
scale (ESS), and bed partner’s rating of snoring using a visual
analogue scale (VAS snoring). The most recent search was
conducted in April 2013. Statistical analysis was performed
using Review Manager Version 5.2 using a relative measure of
effect, i.e., ratio of means (RoM).

Results Our initial search resulted in 29 eligible studies, and
subsequently, 20 studies were included in the meta-analysis.
Substantial and consistent improvement in PSG and subjec-
tive outcomes were observed post-TCRFTA in the base of
tongue (BOT) and multilevel surgery groups only. Applica-
tion of TCRFTA at the BOT was associated with a significant
reduction in RDI (RoM 0.60, CI 0.47-0.76), ESS (RoM 0.59,
CI 0.51-0.67), and VAS snoring (RoM 0.48, CI 0.37-0.62)
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and increase in lowest oxygen saturation (RoM 1.05, CI1 1.01-
1.10). Similarly, a significant reduction in RDI (RoM 0.61, CI
0.47-0.80) and ESS (RoM 0.79, CI —0.71 to 0.88) was ob-
served after multilevel TCRFTA, but substantial heterogeneity
between these studies was observed.

Conclusion TCRFTA is clinically effective in reducing RDI
levels and symptoms of sleepiness in patients with OSA syn-
drome when directed at the base of tongue or as a multilevel
procedure.

Keywords Sleep apnea syndrome - Sleep apnea -
Obstructive - Catheter ablation - Electrocoagulation -
Diathermy - Surgical procedures

Introduction

Obstructive sleep apnea (OSA) is very common in middle
aged adults. Using a polysomnography (PSG) derived defini-
tion, defined as an apnea hypopnea index (AHI) of >5, it
occurs in 20-30 % of males and 10—15 % of females in North
America [1]. OSA patients are at increased risk of a number of
adverse clinical outcomes. They experience attention deficits,
which translates into a two to threefold higher rate of motor
vehicular accidents in those with severe disease [2]. There is
an independent association between OSA, insulin resistance
and type 2 diabetes [3]. Patients with sleep apnea have a
higher incidence of hypertension, coronary artery disease
and stroke compared to matched subjects without sleep apnea.
Patients with moderate to severe untreated OSA have a two to
three fold increased risk of all-cause mortality compared to
patients without OSA independent of other risk factors, such
as obesity and hypertension [4—6].

Continuous positive airway pressure (CPAP) is the main
stay of treatment for OSA. In a meta-analysis of 22
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randomized trials, CPAP was effective in reducing sleepiness
and improving quality of life measures in patients with mod-
erate to severe OSA [7]. Although lacking validation from a
randomized trial, multiple observational studies have reported
an association between CPAP use and decreased cardiovascu-
lar disease and mortality [8—10]. Unfortunately, CPAP is a
cumbersome treatment, and many patients are unable to use
it. Approximately 20 to 40 % of patients with OSA are unable
to use CPAP at all. Of the remainder many do not use CPAP
optimally [11-16]. Thus, there is a clear need for alternative
therapies in those that are CPAP intolerant. Surgical options
are potentially very attractive since continued nightly usage is
not required. However, many surgical options have high fail-
ure rates and their long-term efficacy has been poorly
characterized.

Temperature controlled radiofrequency tissue ablation
(TCRFTA) utilizes a probe to deliver temperature controlled
energy to the upper airway tissue while sparing adjacent tis-
sues. It results in less pain than more conventional methods
thus potentially speeding patient recovery from the procedure.
TCRFTA can be applied at the level of the soft palate, base of
tongue or both levels depending on the predominant site of
obstruction. It can be performed in an office setting, can be
repeated as needed, and is associated with less morbidity than
an operative procedure.

Comprehensive studies evaluating TCRFTA are lacking. A
meta-analysis was published in 2008 evaluating this proce-
dure. Sixteen studies were included in this analysis, of which
3 were randomized and 13 were non-randomized. The most
recent paper included in this analysis was published in 2006.
In the prior study, studies that involved TCRFTA at the level
of the soft palate, base of tongue, or multilevel were mixed
together. Their analysis did show an overall reduction in
Epworth Sleepiness Scores (ESS) and Respiratory Distur-
bance Index (RDI) suggesting TCRFTA might be a useful
treatment option in patients with sleep apnea. Since the time
of the last meta-analysis, additional studies [17, 18] have been
published, which allow a site specific analysis. The aim of our
systematic review is to provide a more precise estimate of the
effectiveness of TCRFTA performed at the level of the soft
palate, base of tongue or multilevel for the treatment of sleep
apnea.

Methods

Eligibility criteria

We included observational and randomized controlled trials
that satisfied the following inclusion criteria: (1) subjects with
OSA confirmed by clinical symptoms and a PSG demonstrat-

ed RDI>5; (2) treatment with TCRFTA of the soft palate, base
of the tongue or both as a stand-alone procedure; and (3) an
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English version of the study was available. We excluded cita-
tions where: (1) TCRFTA was used with other surgical inter-
ventions such as uvulopalatopharyngoplasty and (2) TCRFTA
was used for treatment of socially disruptive snoring or upper
airway resistance syndrome. If an article reported data for
subjects with OSA and socially disruptive snoring and/or up-
per airway resistance syndrome separately, only the data for
subjects with OSA was abstracted.

Search strategy

A comprehensive computer-based search of the published
medical literature was performed using MEDLINE (1950 on-
wards access via Ovid), PubMed, EMBASE (all years access
via Ovid), and Evidence Based Medicine Reviews. We used
search terms as outlined in Appendix 1.

Selection process

Article titles and abstracts were reviewed by two reviewers
(RYB and VRM) to determine article eligibility. If an article
was thought to be potentially eligible by either reviewer the
full-text article was reviewed. The reference lists of relevant
review citations and references of all included citations were
checked for additional potentially eligible studies. Disagree-
ments between reviewers were resolved either by discussion
or by a third reviewer (MJM).

Data abstraction

One reviewer abstracted data from each eligible study using a
self-developed standardized form. A second reviewer verified
data abstraction, and conflicts, if any, were resolved mutually
or by the third reviewer. We collected basic patient population
demographic data as well as information about the surgical
intervention such as site, number of session, etc. Outcomes
were divided into:

*  Objective outcomes: RDI and lowest oxygen saturation
(LSAT, %)

» Subjective outcomes: included bed partner’s visual ana-
logue scale evaluation of snoring (VAS, 0-10) and ESS

Data analysis

Statistical analysis was performed using RevMan Version 5.2
(Review Manager, Cochrane Collaboration 2012). We used a
relative measure of effect i.e., ratio of means (RoM) by calcu-
lating the ratio of final mean value post-intervention to the
mean value prior to intervention, such that ratio of means <1
favors reduction in outcome. Standard error was calculated as
described previously [19], and RoM across studies and its
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Table 1 Methodological quality

GRADE Working Group grades
of evidence

High quality: Further research is
very unlikely to change our
confidence in the estimate of effect

Moderate quality: Further research
is likely to have an important
impact on our confidence in the
estimate of effect and may
change the estimate

Low quality: Further research is
very likely to have an important
impact on our confidence in the
estimate of effect and is likely to
change the estimate

Outcomes No. of participants  Quality of the
(studies) evidence
follow up (GRADE)
Radiofrequency ablation at base of tongue for obstructive sleep apnea
Respiratory distress index 137 POOO
Polysomnography' (7 studies?) Very low®
3—11 months due to risk of bias
Lowest saturation of oxygen 103 POOO
Polysomnography (4 studies®) Very low®
3—11 months due to risk of bias
Epworth sleep scale 81 DO
ESS questionnaire (6 studies?) Very low®
due to risk of bias
Visual analogue scale snoring 46 DO
Questionnaire (3 studies?) Very low® due to risk of bias
3—4 months
Radiofrequency ablation multilevel for obstructive sleep apnea
Respiratory distress index: short-term follow up 243 POOO
Polysomnography (8 studies?) Very low™*
2-4 months due to risk of bias, inconsistency
Epworth sleep scale 208 SSISIS)

ESS questionnaire

(7 studies?)

Very low®

Very low quality: We are very
uncertain about the estimate

due to risk of bias

Visual analogue scale snoring 134 SSISIS)
CI confidence interval Questionnaire (4 studies?) Very low>*
! Polysomnography due to risk of bias, inconsistency
? Case series Lowest saturation of oxygen: short term follow up 146 SISISIS)
3Lack of an independent control Polysomnography (4 studies?) Very low®

group
4 Heterogeneity: / square=93 %

12—-16 months due to risk of bias

associated confidence interval (CI) were pooled using stan-
dard equations for inverse variance weighting using a random
effects model [20]. Heterogeneity was expressed by 2, with 7
values of 25, 50, and 75 % interpreted to indicate low, mod-
erate, and high heterogeneity, respectively [21]. Each surgical
site, i.e., base of tongue, soft palate, and multi-level interven-
tion, was analyzed separately. Since only a small number of
studies were analyzed in each group, we considered a funnel
plot unreliable in the determination of presence or absence of
publication bias [22]. The overall quality of evidence was
graded using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach [23]
(Table 1).

Results

The search process is outlined in Fig. 1. Twenty-nine studies
described temperature controlled radiofrequency ablation

[24-52] as a stand-alone procedure. Three studies were ex-
cluded since only the abstracts were available in the English
language and there was not enough information available in
the abstract to obtain the relevant outcomes [35, 37, 41]. At-
tempts to contact the first authors for additional information
were unsuccessful. Six studies were excluded from the meta-
analysis but not the systematic review because patients with
OSA could not be extracted from the group data that included
snorers (one study [48]), the mean data was not provided (one
study [25]), data was not presented in a way to extract relevant
data (one study [24]), and three studies contained duplicate
patients, the centers provided their further experience with this
technique at a later time [43, 45, 50]. The study from these
centers that contained the most extractable data on the most
patients was chosen for inclusion. In total, 21 of the 26 studies
had full in-laboratory polysomnography at baseline and at
follow up [24, 26, 28, 29, 31-34, 36, 38-40, 42, 43, 4547,
49, 51, 52, 50]. Among the other five studies, three had home
or unattended polysomnography data ([25, 30, 44], one had
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262 citations from initial search |

—> 46 duplicate citations

v

216 citations screened for eligibility |

l

29 citations identified for review

Citations excluded from systematic
review/ meta-analysis, n=3
e 3-text in foreign language

Citations excluded from meta-analysis,

—> n=6

e |- incomplete data

e 1-reported median, data not normally
distributed

® - included snorers

v e 3- duplicate data

20 citations included in meta-analysis

Fig. 1 Search process

level I-III polysomnography based on the clinical probability
of severity [27] and one had full polysomnography only at
baseline but not at follow up [48].

Based on the site of application of TCRFTA, studies
were divided into three groups- base of tongue (BoT), soft
palate (SP) and multi-level approach. Tables 2, 3, and 4
contain the methodological qualities and results reported
by the 20 studies included in our meta-analysis, and 6
studies (bolded text in table) included in our systematic
review but excluded from the meta-analysis as outlined
above. Studies were generally of low methodological
quality (Table 1).

TCRFTA: base of tongue

Our literature review included three non-randomized, parallel
group comparative trials comparing application of TCRFTA
at the BoT with either CPAP [51], submucosal minimally in-
vasive lingual excision (SMILE) [34] technique or lingual
suspension [32], and seven prospective case series [39, 45,
36, 46, 40, 26, 31].

Respiratory disturbance index (RDI)

The overall mean RDI showed a significant 40 % reduction
after treatment (Fig. 2; RoM=0.60, 95 % CI 0.47-0.76,
p<0.0001, "=51 %). Five of the seven studies found signif-
icant reductions in RDI with TCRFTA at the BoT [39, 51, 40,
26, 32], whereas the remaining two studies [46, 31] showed a
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non-significant reduction after TCRFTA treatment. Heteroge-
neity was moderate.

Lowest oxygen saturation (LSAT %)

Short-term (<12 months) post-TCRFTA LSAT improved sig-
nificantly (RoM=1.05, 95 % CI 1.01-1.10, p=0.02, *=37 %;
Fig. 3). Three studies showed a significant improvement,
whereas one study showed a non-significant increase with
TCRFTA [51]. Heterogeneity was low to moderate.

Epworth Sleepiness Score (ESS) and bed partner’s snoring
Visual Analogue Scale (VAS)

Short-term (<12 months) reduction in the mean ESS (RoM=
0.59, 95 % CI10.51-0.67, p<0.00001, =0) and VAS snoring
(RoM=0.48, 95 % CI 0.37-0.62, p<0.00001, *=0) was sig-
nificant (Figs. 4 and 5, respectively). Heterogeneity was low.

Other short-term outcomes

Other reported short-term effects were VAS speech, VAS
swallowing, and generic quality-of-life questionnaire (SF-
36). Only three studies [39, 46, 40] reported VAS speech
and swallowing and statistical analysis showed no significant
improvement (VAS speech—RoM 0.92, 95 % CI 0.56-1.49,
p=0.72, P=94 %; VAS swallowing—RoM 0.68, 95 % CI
0.31-1.47), p=0.33, =61 %) post-TCRFTA with significant
heterogeneity between studies. Two studies [39, 51] reported
the SF-36 health survey, with a homogenous improvement in
four of the eight reported domains; role physical—RoM 1.16,
95 % CI 1.02-1.32, p=0.02, ’=0; bodily pain—RoM 1.14,
95 % CI 1.06-1.24, p=0.001, ’=0; vitality—RoM 1.24,
95 % CI 1.07-1.44, p=0.004, ]2:0; and social function-
ing—RoM 1.11, 95 % CI 1.02-1.20, p=0.01, *=0.

Long-term outcomes

Long-term (>12 months) follow up of RDI and ESS was re-
ported by two studies [36, 32]. The RDI showed a significant
36 % reduction (RoM 0.65, 95 % CI 0.53-0.80, p<0.00001,
P=0), whereas improvement in ESS was not maintained after
2 years (RoM 0.62, 95 % CI 0.33-1.16, p=0.13, F=83 %).
When compared to short-term (<12 months) results, both RDI
and ESS demonstrated a trend towards worsening at long-term
follow up (>12 months). One study reported a significant im-
provement in the change scores between post-treatment and
long-term follow up for VAS snoring (p=0.01), VAS speech
(»p=0.02), VAS swallowing (p=0.09), and two of the eight SF-
36 domains (vitality, p=0.05; social functioning, p=0.03); and
also the mental component score, p=0.03 [36].
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Adverse events

Adverse events following TCRFTA were reported by most
studies (Tables 2, 3, and 4). Side effects of treatment included
ulceration of the tongue base mucosa, odynophagia,
pharyngodynia, mild-to-severe tongue edema, ecchymosis,

unilateral, and hypoglossal nerve injury 1
after 6 months post-TCRFTA (pre 14.8
and 6 months 4.7), but this difference
was slightly less significant at 24 months
improvement at 6 months, which was

partly retained at 2 years.
Complications; TCRFTA—minor, 4—

and VAS satisfaction showed a general

Subjective outcomes: Sleepiness using ESS
edema, mucosal erosion, and

Complications: TCRFTA: temporary,
PSG: significant improvement in mean AHI
Overall complication rate: TCRFTA—

£8 . . . . .
E i hematoma, transient neuralgia, transient tongue deviation,
é o E and hypoglossal nerve injury. Eight cases of infection and
2 = sE é two cases of tongue base abscess were reported by studies that
g = = did not use perioperative antibiotic prophylaxis [39, 51, 46].
Oral thrush and postoperative vasovagal reaction were rela-
o ) g tively rare complications.
E 5 &
s 3 = 8
N ERP < o 220 TCRFTA: soft palate
5 2 g g88 & 28z
5 7 2% g el . : o .
g B § § L9 ‘;; _‘; é 55 §53 Five articles describing outcomes following TCRFTA of the
" ~£8 & g E%g 2720 =23 i i i
% oy % = 5 3. g E P §n§ z SP were included [28, 27, 48, 24, 25] (Table 3) in the review
5| F8cs2 FeTE, E9F -
E|= i§ 5< 2 3 4 é’ E % § = i;; s é Respiratory Disturbance Index (RDI)
2555y fiErefiniiiiiy
3 = ‘2z e = . .
i % E g g § ?% g £ g «§ E _:f £ é E E‘E 4 § After excluding Terris et al. [48], a study that lacked follow up
= 2= 0. ESE % 0. SEEEEE S &= .. . .
S| 288 £ 2 & SS53S28L & PSG data, the remaining two observational studies [28, 27]
S were included in the analysis. A non-significant trend towards
o _° .
i improvement of short-term mean RDI (RoM 0.67, 95 % CI
£ 8% 5
%g § 0.43-1.03, p=0.07, P=83 %) was observed with significant
g é é heterogeneity between the two studies.
2> 3
ST E ,
= E TE ;i Epworth Sleepiness Score (ESS) & bed partner’s snoring
ca l; Q Visual Analogue Scale (VAS)
T8 E g
2E25
=) % . .
g § g One study [24] did not report ESS, all five studies reported
=] . . . . .
2 % ; E = VAS scores. ESS did not improve significantly with TCRFTA
2% o
§ 28 =2 treatment (RoM 0.85, 95 % CI 0.63—1.15, p=0.29, *=0 %),
= = <
3 2322 However, reduction in mean VAS snoring was significant

(RoM 0.39, 95 % CI 0.30-0.50, p<0.00001, P=0 %).
TCRFTA: multilevel

Eleven articles were identified by literature search and
reviewed in detail (Table 4). Nine of the 11 studies met inclu-
sion criteria for the meta-analysis [33, 52, 42, 47, 44, 29, 38,
49, 30]. Only one study was a randomized controlled prospec-
tive trial [52], two were non-randomized comparative parallel
group trials [42, 38], and the remaining six were either pro-
spective [33, 47, 44, 29, 49] or retrospective [30] case series.
Although most studies restricted application of radiofrequen-
cy to the BoT and SP only, three studies [33, 29, 30] included

9.1)years; 1 subject excluded from analysis

Prior surgery: none
Mean no of sessions and sites per session: 2 and 3

TCRFTA: 13 subjects, M/F 9/3, and age 50.2 (SD
Bipolar/unipolar: bipolar

Mean no of sessions and sites per session: 1 and 10

Bipolar/unipolar: N/A

Mean Joules: 3,000
Mean Joules: 4,800-2,400 (800) per session

Participant characteristics: 26 subjects

Population/type of surgery

=) o additional sites such as nasal turbinate and tonsils.

5 _%E

é, a ;D'!g - Respiratory Disturbance Index (RDI)

y EH

=Y - %é g Short-term improvement in RDI was calculated using one
sl & 28 randomized, and seven observational studies (Fig. 6). The

@ Springer
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overall 41 % reduction in mean RDI was significant (RoM
0.59, 95 % CI10.45-0.79, p=0.0003, ’=93 %), but the results
were significantly heterogeneous (p<0.00001) between the
included studies. Sub-group analysis identified two studies
that reported significantly better results as compared to the
other included articles [29, 38]. Neruntarat and Chantapant
[38] and Ceylan et al. [29] reported a 65 and 46 % reduction
in RDI with TCRFTA respectively. The patients in these two
studies were somewhat less obese on average than those from
the remaining studies and this might be responsible for the
different success rates. Indeed, in one of these studies (36),

to mean post 12.9, p<0.0001). No subject had postop

AHI less than 5/hour.
Complications: light bleeding of the inferior turbinate—

reduction in mean RDI was observed (mean pre 18.1
20, light scarring of SP—40, and superficial edema

of BOT—2

PSG: At 6 months post-TCRFTA, a significant
Overall complication rate: NA

:; BMI was a univariate predictor of surgical success. We
& reanalyzed the data excluding these studies. The remaining
six studies continued to show a significant reduction in RDI
) (RoM 0.70, 95 % CI 0.63-0.77, p<0.00001, =0 %) with a
E; high-level of agreement between the pooled studies (Fig. 7).
. gz, & .
;g % ;g ‘1‘; % = Lowest oxygen saturation (LSAT %)
22258 Zee
8 55 g ; - T i 3 ?re- and post-TCRF TA LSAT were reported by one random-
b ; ‘:é 2 T§ ; % TE—‘E 2 ized angl three observation studies [52, 42, 29, 38]. Tl.lere was
3 :z 2 8 é E £ < % g : § é a pon—s1gn1ﬁcant trend towards a short-term increase in LS?T
%" E _g § g 1§ i‘i g é 2 E with treatment (RoM 1.03, 95 % CI 1.00-1.06, p=0.08, "=
g ;5% g é %E %E) £ %E g% 73 %), but significant heterogeneity was noted (p=0.01)
2522 T852%8 22 (Fig. 8).
o Epworth Sleepiness Score (ESS) & bed partner’s snoring
% Visual Analogue Scale (VAS)
Y
.f. 2 Seven of the included nine studies reported short-term post-
E § treatment ESS, including one randomized prospective placebo
. é E, controlled trial [52] and six observational studies [33, 42, 47,
% % ::_ 29, 38, 49]. Four observational studies reported VAS snoring
§ g § [33, 47, 38, 49]. Initial analysis showed significant heteroge-

neity between the results of these trials. After exclusion of the
two studies that showed unusually favorable results [29, 38], a
significant 22 % reduction in short-term mean ESS (RoM
0.78, 95 % CI 0.69-0.89, p=0.0001, *=0 %) and 46 % re-
duction in mean VAS snoring (RoM 0.54, 95 % CI1 0.41-0.70,
p<0.00001, =59 %) were observed (Fig. 9).

Discussion
Untreated OSA has a number of adverse clinical implications.

CPAP is a well-validated first line treatment option for OSA;
however, a substantial number of patients are unable to use

uvulopalatoplasty with or without tonsillectomy
and anterior-inferior hyoid suspension, as
Stanford phase I surgical protocol

tonsils—180) and 2002-2009 (SP—175, inferior
turbinate—176, and BOT—183)

Mean no of sessions and sites per session:
genioglossus muscle—183, and palatine

inferior turbinate—270, BOT—328,

inferior turbinate—2

Prior surgery: nose (septoplasty, turbinoplasty, etc.), PSG at least 6 months post-TCRFTA
Bipolar/unipolar: bipolar

OSAS: 36 subjects, sex, and age N/A

Site of obstruction: SP+BOT+IT+GM+PT
SP—3, genioglossus muscle—3, BOT—6, and
Mean Joules per site: 1,999-2,001 (SP—326,

Population/type of surgery

=) . CPAP. Among surgical options, UPPP is the best studied;

e = 8 however, limited effectiveness, potential complications, and

< a g i i

g a2 a prolonged recovery [53] make it less attractive.

~ < Q . .

- 5 2 TCRFTA appears to be a safe alternative that can be used in
2o o0 . . .

% T; E ? g5 conjunction with surgery or asa stand-alone prpcedure. It can

=l a Q& be performed safely, potentially as an outpatient procedure

@ Springer
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. . RDI: TCRFTA at Base of tongue
Flg' 2 RDIL TCRFTA at base of € Ratio of means Ratio of means
tongue Study or Subgroup log[Ratio of means] SE  Weight IV, Rand 95% CI IV, Rand 95% CI
Powell, 1999 -0.797 0.284 11.2% 0.45 [0.26, 0.79] —_—
Woodson, 2001 -0.211 0.116 23.6% 0.81 [0.65, 1.02] —
Stuck, 2002 -0.254 0.188 17.3% 0.78 [0.54, 1.12] -
Riley, 2003 -0.844 0.29  10.9% 0.43 [0.24, 0.76] —_—
den Herder, 2006 (mod) 0.596 0.37 7.8% 0.55[0.27, 1.14] s
Blumen, 2006 -0.437 0.259  12.5% 0.65 [0.39, 1.07] =]
Fibbi, 2009 -0.819 0.197 16.6% 0.44 [0.30, 0.65] —
Total (95% CI) 100.0% 0.60 [0.47, 0.76] <
ity: 2 . i2 = = = 2= 5 + + + + 1
Heterogeneity: Tau® = 0.05; Chi* = 12.25, df = 6 (P = 0.06); I’ = 51% 102 0’5 3 10

Test for overall effect: Z = 4.28 (P < 0.0001)

under local anesthesia. The procedure can be repeated in
several sessions to achieve the desired result. Radiofre-
quency ablation can be performed at the base of the
tongue, soft palate or as a multi-level procedure, while
safely sparing adjacent tissue.

Due to significant heterogeneity between studies, it is hard
to draw any strong conclusions on the ideal patient population
who will benefit from TCRFTA. However we can state the
following:

1. Flexible nasopharynoscopy with Mueller’s maneuver (to
verify site of obstruction) and cephalometric radiography
(to rule out concomitant skeletal abnormalities) are ad-
junct tests to physical examination that may aid in patients
selection. Other tests to be considered included volumet-
ric tongue MRI and drug induced sleep endoscopy
(DISE). DISE is emerging as the tool of choice to plan
surgical therapy for sleep apnea. A recent study suggested
that DISE provided more information on the site of ob-
struction in the upper airway particularly regarding the
hypopharynx than awake screening tools [54]. However,
consensus on an accepted scoring and classification sys-
tem has yet to be achieved [55]. Nevertheless, future trials
on TCRFTA will likely use DISE for patient selection. .

2. Most studies evaluated this therapy in patients less than
65 years of age with a BMI<35.

3. TCRFTA has been trialed mostly in mild to moderate
OSA. Data is sparse in the severe OSA group.

4. Majority of the studies included patients who had failed
other modalities such as CPAP or mandibular advance-
ment devices.

5. Some trials included patients with prior pharyngeal sur-
gery; however, most excluded these patients.

Fig 3 LSAT: TCRFTA at base LSAT: TCRFTA at Base of tongue

Favours decrease Favours increase

Most trials excluded patients with severe underlying co
morbidities, high surgical risk profiles or history of
pacemakers.

Complications can occur but appear to be less frequent than
in surgical upper airway procedures. Our review primarily
aimed at examining the short-term efficacy of TCRFTA per-
formed at different anatomical sites. The primary outcomes
variables available for analysis were polysomnography based
(RDI and LSAT), a measure of sleepiness and reduction in
snoring.

TCRFTA at base of the tongue

We found significant reductions in RDI, LSAT, ESS and snor-
ing. This suggests that this procedure has efficacy at least in
the short term. There was considerable heterogeneity between
subjects within studies with some subjects not showing any
improvement or occasionally even worsening after the proce-
dure. In addition, it would be useful to know how many sub-
jects had a reduction in AHI to less than 15/hour or 10/hour
after the procedure, but this information was rarely reported.
Subjects whose AHI remains above 15/hour or above 5/hour
with residual sleepiness would be considered to require addi-
tional therapy. There are now more options for treatment for
sleep apnea than there was in the past. Mandibular advance-
ment device efficacy has been well characterized and they
have the advantage that if ineffective the patients just needs
to stop using them. In contrast, if TCRFTA is ineffective, the
patient has gone through a surgical procedure with possible
side effects without benefit. Nevertheless, there are patients
who would be willing to accept this risk if it meant that they
might not have to use a nightly therapy. Our meta-analysis
suggests promising short-term results. Longer-term results

Ratio of means
SE  Weight IV, Random, 95% CI

Ratio of means
1V, Random, 95% CI

of tongue Study or Subgroup  log[Ratio of means]
Powell, 1999 0.073
Woodson, 2001 0.02
Riley, 2003 0.051
Blumen, 2006 0.166

Total (95% CI)

Heterogeneity: Tau? = 0.00; Chi’ = 4.74, df = 3 (P = 0.19); I> = 37%
Test for overall effect: Z = 2.38 (P = 0.02)

0.036 22.8% 1.08 [1.00, 1.15]
0.019 44.0% 1.02 [0.98, 1.06]
0.032  26.5% 1.05 [0.99, 1.12] il
0.077 6.7% 1.18[1.02, 1.37] —
100.0% 1.05 [1.01, 1.10] &
I ' ; |
0.5 0.7 1.5 2

Favours decrease Favours increase
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Fig. 4 ESS: TCRFTA at base of ESS: TCRFTA at Base of tongue

Ratio of means Ratio of means

tongue Study or Subgroup log[Ratio of means] SE  Weight IV, Random, 95% CI IV, Random, 95% CI
Powell, 1999 -0.931 0.223  10.2% 0.39[0.25, 0.61] ——
Stuck, 2002 -0.483 0.219  10.6% 0.62 [0.40, 0.95] ==
Riley, 2003 -0.53 0.108  43.6% 0.59[0.48, 0.73] -
den Herder, 2006 (mod) -0.099 0.496 2.1% 0.91[0.34, 2.39] S
Blumen, 2006 -0.616 0.301 5.6% 0.54[0.30, 0.97]
Fibbi, 2009 -0.436 0.135  27.9% 0.65 [0.50, 0.84] &
Total (95% CI) 100.0% 0.59[0.51, 0.67] *
Heterogeneity: Tau? = 0.00; Chi? = 4.59, df = 5 (P = 0.47); I> = 0% !0 1 052 o’s 2 s 10=

Test for overall effect: Z = 7.51 (P < 0.00001)

were quite limited but suggested that some of the improve-
ments might wane with time. A recent meta-analysis [17],
included primarily patients who were treated for snoring sug-
gested that a reduction in snoring was maintained for over a
year but truly long-term follow up was lacking and is essential
before the true benefits of this therapy can be appreciated.

TCRFTA at soft palate

There was a paucity of studies examining TCRFTA of the soft
palate alone. Other than an improvement in snoring, no sig-
nificant short-term improvements could be found. Thus, based
on the limited available data, TCRFTA of the soft palate alone
appears to have limited efficacy. This result is not unexpected,
as any improvement in obstruction at the level of the soft
palate only may not be sufficient to significantly improve
OSA. 1t is for this reason that ENT surgeons have moved
towards multi-level TCRFTA. However, TCRFTA at the level
of'the soft palate may have some benefits in terms of reduction
in snoring index and Epworth scores in habitual snorers with-
out OSA [56]. However, a recent study examining long-term
follow up for TCRFTA of the soft palate [18] found that snor-
ing returned in most patients over time albeit its intensity was
lower.

TCRFTA multi-level

There was a significant reduction in RDI after multilevel
TCRFTA. However, significant heterogeneity was noted be-
tween studies. Two studies appeared to have better results than
the remaining studies. The patients in these two studies were
somewhat less obese than in the other studies and this might
be responsible for the differing results. Racial differences
seem an unlikely explanation as the two studies were from
Thailand and Turkey, respectively. Thai and Turkish ancestry

Fig 5 VAS snon'ng' TCRFETA at VAS snoring: TCRFTA at Base of tongue

Study or Subgroup

log[Ratio of means]

Favours decrease Favours increase

are very different, and this difference exceeds the difference
between Turkish ancestry and the North American and Euro-
pean patients that make up the other studies, we reanalyzed the
data excluding these studies and were reassured that the sig-
nificant reduction in RDI remained. Oxygenation parameters
were not significantly improved after TCRFTA. Sleepiness as
measured by the ESS and VAS snoring both improved signif-
icantly post-TCRFTA, but heterogeneity between included
studies was high. After exclusion of the aforementioned two
studies causing heterogeneity in our results, a significant 22 %
reduction in short-term mean ESS (RoM 0.78, 95 % CI 0.69—
0.89, p=0.0001) and 46 % reduction in mean VAS snoring
(RoM 0.54, 95 % CI 0.41-0.70, p<0.00001) was observed.
Thus, multilevel TCRFTA resulted in both objective and sub-
jective improvement in the short term. Again, long-term re-
sults are largely lacking. The sparse long-term data available
suggests some diminution of response over time particularly if
weight gain occurs (36). Similar to TCRFTA at base of
tongue, there is considerable inter-subject variability with
some subjects showing no improvement or even worsening
after the procedure.

Study limitations The studies on which this meta-analysis is
based were not of high methodological quality which lends
caution to our conclusions. In particular, only 2 studies [52,
25] had a placebo control group. ESS and VAS snoring were
the most frequently measured subjective measures. Disease
specific quality of life questionnaires or other measures of
sleepiness were not available for analysis. Generic quality of
life measurements were available only in a few studies. Long-
term outcome measurements were sorely lacking. Stratifica-
tion of subjects by severity of sleep apnea and BMI could not
be performed as only one study stratified responses based on
the severity of sleep apnea [31] and no study stratified based
on the BMI. Evaluating response rates based on an AHI below

Ratio of means
1V, Random, 95% CI

Ratio of means
SE  Weight IV, Random, 95% CI

base of tongue

Powell, 1999 -0.854 0.241 29.2% 0.43[0.27, 0.68] —

Stuck, 2002 -0.842 0.202 41.6% 0.43 [0.29, 0.64] —i—

Blumen, 2006 -0.464 0.241 29.2% 0.63[0.39, 1.01] —

Total (95% CI) 100.0% 0.48 [0.37, 0.62] <o

Heterogeneity: Tau? = 0.00; Chi* = 1.79, df = 2 (P = 0.41); I = 0% 50 1 052 055 2# é 1()?

Test for overall effect: Z = 5.64 (P < 0.00001)
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Fig. 6 RDI: multilevel TCRFTA
(3.1.1 and 3.1.2)

Fig. 7 RDI: multilevel TCRFTA
(3.3.1and 3.3.2)

Fig. 8 LSAT: multilevel
TCRFTA

RDI: Multilevel TCRFTA
Study or Subgroup log[Ratio of means] SE

Ratio of means
Weight 1V, Random, 95% CI

Ratio of means
1V, Random, 95% CI

3.1.1 Randomised controlled studies

Woodson, 2003 -0.237 0.191 11.4%
Subtotal (95% ClI) 11.4%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.24 (P = 0.21)

0.79 [0.54, 1.15]
0.79 [0.54, 1.15]

3.1.2 Observational studies

Fischer, 2003 -0.393 0.224  10.5% 0.68 [0.44, 1.05]
Steward, 2004 -0.5 0.128 13.1% 0.61[0.47, 0.78]
Stuck, 2004 -0.414 0.239 10.1% 0.66 [0.41, 1.06]
Uloza, 2009 -0.197 0.192 11.4% 0.82 [0.56, 1.20]
Neruntarat, Chantapant -1.047 0.055 14.6% 0.35[0.32, 0.39]
Ceylan, 2009 -0.609 0.07 14.3% 0.54[0.47, 0.62]
De Vito, 2012 -0.339 0.059 14.5% 0.71[0.63, 0.80]
Subtotal (95% ClI) 88.6% 0.59 [0.45, 0.79]

Heterogeneity: Tau? = 0.12; Chi’ = 89.45, df = 6 (P < 0.00001); I’ = 93%
Test for overall effect: Z = 3.65 (P = 0.0003)

Total (95% ClI) 100.0% 0.61 [0.47, 0.80]
Heterogeneity: Tau? = 0.12; Chi? = 94.06, df = 7 (P < 0.00001); I = 93%

Test for overall effect: Z = 3.65 (P = 0.0003)

Test for subgroup differences: Chi? = 1.41, df = 1 (P = 0.24), 1> = 29.0%

RDI: Multilevel TCRFTA Ratio of means

—
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Favours decrease Favours increase

Ratio of means

Study or Subgroup _ |og[Ratio of means] SE  Weight 1V, Random, 95% Cl 1V, Random, 95% Cl
3.3.1 Randomised controlled studies
Woodson, 2003 -0.237 0.191 6.2% 0.79 [0.54, 1.15] —=
Subtotal (95% CI) 6.2% 0.79 [0.54, 1.15] i
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)
3.3.2 Observational studies
Fischer, 2003 -0.393 0.224 4.5% 0.68 [0.44, 1.05] —s
Stuck, 2004 -0.414 0.239  4.0%  0.66 [0.41, 1.06] —
Steward, 2004 -0.5 0.128 13.9%  0.61[0.47,0.78] —
Uloza, 2009 -0.197 0.192  6.2% 0.82 [0.56, 1.20] —
De Vito, 2012 -0.339 0.059 65.2%  0.71(0.63, 0.80) | |
Subtotal (95% ClI) 93.8% 0.70 [0.63, 0.77] ¢
Heterogeneity: Tau? = 0.00; Chi? = 2.12, df = 4 (P = 0.71); I> = 0%
Test for overall effect: Z = 7.30 (P < 0.00001)
Total (95% CI) 100.0% 0.70 [0.64, 0.77] ¢
iy 2 _ B 2 _ _ _ o 7 L. I it 1 L L Y
Heterogeneity: Tau® = 0.00; Chi* = 2.50,df = 5 (P = 0.78); I’ = 0% -0.1 012 0:5 ) é 10-

Test for overall effect: Z = 7.38 (P < 0.00001)
Test for subgroup differences: Chi? = 0.38, df = 1 (P = 0.54), I’ = 0%

LSAT: Multilevel TCRFTA Ratio of means
Study or Subgroup log[Ratio of means] SE Weight IV, Random, 95% CI

Favours decrease Favours increase

Ratio of means
IV, Random, 95% CI

3.3.1 Randomised controlled studies: short term follow up
Woodson, 2003 -0.007 0.02 23.9%
Subtotal (95% CI) 23.9%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.35 (P = 0.73)

0.99 [0.95, 1.03]
0.99 [0.95, 1.03]

3.3.2 Observational studies: short term follow up

Ceylan, 2009 0.086 0.023  21.5% 1.09 [1.04, 1.14])
Neruntarat, Chantapant 0.036 0.006 34.6% 1.04 [1.02, 1.05]
Steward, 2004 0.001 0.025  20.0% 1.00 [0.95, 1.05]

Subtotal (95% CI) 76.1%
Heterogeneity: Tau® = 0.00; Chi® = 6.64, df = 2 (P = 0.04); I’ = 70%
Test for overall effect: Z = 2.18 (P = 0.03)

1.04 [1.00, 1.08]

Total (95% CI) 100.0% 1.03 [1.00, 1.06]
Heterogeneity: Tau? = 0.00; Chi* = 11.17, df = 3 (P = 0.01); I = 73%
Test for overall effect: Z = 1.76 (P = 0.08)

Test for subgroup differences: Chi® = 3.05, df = 1 (P = 0.08), I’ = 67.3%

*

u T t |
0.7 1.5 2
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ESS: Multilevel TCRFTA

Fig. 9 ESS and VAS: multilevel
Study or Subgroup

log[Ratio of means]

Ratio of means
IV, Random, 95% CI

Ratio of means
SE  Weight IV, Random, 95% CI

TCRFTA

Woodson, 2003 -0.194
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 1.78 (P = 0.08)

3.10.2 Observational studies

3.10.1 Randomised controlled studies

. 0.82 [0.67, 1.02] —H
25.9% 0.82 [0.67, 1.02] |

Fischer, 2003 0.303 0.184 9.1% 0.74 [0.51, 1.06] —

Steward, 2004a 0.174 0.105 27.9% 0.84 [0.68, 1.03] -

Stuck, 2004 -0.422 0.183 9.2% 0.66 [0.46, 0.94) —

Uloza, 2009 -0.244 0.105 27.9% 0.78 [0.64, 0.96) L

Subtotal (95% CI) 74.1% 0.78 [0.69, 0.89] L 2
Heterogeneity: Tau® = 0.00; Chi* = 1.49, df = 3 (P = 0.68); I* = 0%

Test for overall effect: Z = 3.83 (P = 0.0001)

Total (95% CI) 100.0%  0.79[0.71, 0.88] 4

Heterogeneity: Tau? = 0.00; Chi* = 1.67, df = 4 (P = 0.80); I’ = 0% o=2 o:s 2 5

Test for overall effect: Z

4.20 (P < 0.0001)

Favours decrease Favours Iincrease

Test for subgroup differences: Chi® = 0.17, df = 1 (P = 0.68), I’ = 0%

VAS: Multilevel TCRFTA
Study or Subgroup

log[Ratio of means]

Ratio of means
1V, Random, 95% CI

Ratio of means
SE  Weight IV, Random, 95% CI

Fischer, 2003 -0.426
Stuck, 2004 -0.693
Uloza, 2009 -0.835

Total (95% CI)

Heterogeneity: Tau® = 0.03; Chi’* = 4.86, df = 2 (P = 0.09); I* = 59%
Test for averall effect: Z = 4,54 (P < 0.00001)

a threshold value (15, 10, or 5/hour) could not be performed as
this information was provided in only 1 study [30]. In this
study, none of the subjects (0/36) had an AHI less than 5/hour
after TCRFTA. However, this may be too strict a criteria for
surgical success. It would also have been helpful to study the
role of PAP in patients who failed TCRFTA to see if prior
TCRFTA adversely affected subsequent CPAP acceptance;
however, this data was rarely provided. While analyzing data
for Multi-level TCRFTA we failed to conclusively explain the
heterogeneity generated by two trials and hence analyzed the
data with and without them.

Clinical implications Temperature controlled radiofrequency
tissue ablation appears to be an effective treatment option for
OSA based on short-term follow up. Ablation at the base of
the tongue or at multiple levels appears to be more efficacious
than ablation at the level of the soft palate only. Complication
rates were infrequent and rarely serious in nature. Patients
with sleep apnea develop obstruction because of a small and
more importantly a more collapsible upper airway. TCRFTA
can increase upper airway size and the fibrosis produced may
increase pharyngeal stiffness and reduce pharyngeal collaps-
ibility. Pharyngeal collapse can occur at multiple sites in the
upper airway so treatment at one site may not be sufficient to
control sleep apnea. Patients are often reluctant to undergo
staged multi-level surgeries to treat sleep apnea. TCRFTA
can allow a multi-level approach at a single sitting and the
procedure can be easily repeated to achieve the desired result.
This makes TCRFTA potentially quite attractive as a stand-
alone therapy for OSA in patients intolerant to CPAP. Long-
term follow-up studies and better data on short-term cure rates

@ Springer

0.103 43.0%  0.65[0.53, 0.80) -
0.197 26.1%  0.50[0.34, 0.74) —
0.167 30.8%  0.43[0.31, 0.60) —-
100.0%  0.54 [0.41, 0.70] <>
0102 05 2 5 10

Favours decrease Favours increase

(percentage of patients who have an AHI below a defined
threshold (10 or 15/hour) are needed before this procedure
can be confidently added to the treatment armentarium for
sleep apnea.
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Appendix 1

Search terms used included medical subject headings and the
keywords “Catheter Ablation,” “Diathermy,”
“Electrocoagulation,” “Sleep Apnea Syndrome,” “Sleep Ap-
nea, Obstructive,” “Sleep disordered breathing,”” and “Submu-
cosal Radiofrequency Tongue Ablation” limited to humans.
The most recent search was conducted in April 2013.
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