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Objective: Uvulopalatopharyngoplasty (UPPP) is a common procedure for the treatment of
obstructive sleep apnea (OSA) and is usually initiated with the resection of palatine tonsils.
Because tonsillectomy potentially contributes to complications, minimally invasive upper
airway surgeries have been proposed for OSA therapy. Whether tonsillectomy is always
essential for UPPP remains unclear, particularly for patients with small tonsils. The purpose
of this study was to present the effect of modified UPPP without tonsillectomy (UPsT) on
patients with OSA and attempt to select the candidates for this procedure.

Methods: This is a retrospective cohort study of patients with OSA, with tonsil size of grade
0-2, and with only retropalatal obstruction in drug-induced sleep endoscopy (DISE). The
patients underwent UPsT at a tertiary center from November 2017 to December 2019. The
sleep study was performed before and at least 3 months after surgery. The demographics,
surgical outcomes, and staging patterns of preoperative DISE were recorded. The correlation
between surgical outcome and DISE was also established.

Results: A total of 22 adults with an average age of 46.5 years [interquartile range: 40 to 60
years] completed the follow-up study. Their apnea—hypopnea index (AHI) and Epworth
sleepiness scale values improved significantly after surgery. Of the 17 patients with partial
collapse and complete anteroposterior collapse (APC) at the velum, 16 presented good
responses to UPsT. However, among the five patients with complete concentric collapse
(CCCQC), only two (2/5, 40%) satisfied the criteria for surgical success. Furthermore, their
follow-up AHI values were significantly higher than those of patients without CCC in DISE.
Conclusion: UPsT was demonstrated to be an effective therapy for patients with OSA
who had small tonsils and retropalatal obstruction in DISE. CCC in sleep endoscopy
indicates a poorer surgical outcome than does complete APC and partial collapse at the
velum.

Keywords: tonsillectomy, uvulopalatopharyngoplasty, suspension palatoplasty, lateral
pharyngoplasty, obstructive sleep apnea, drug-induced sleep endoscopy, complete
concentric collapse

Introduction

Obstructive sleep apnea (OSA) is a prevalent disorder globally that potentially
contributes to excessive daytime sleepiness, hypertension, cerebrovascular inci-
dents, type 2 diabetes, and even sudden cardiac death.'™ Continuous positive
airway pressure (CPAP) is often used as the first-line treatment, but upper airway
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surgery is considered an alternative therapy because long-
term adherence to CPAP treatment was reported to have
failed in 25% to 50% of the patients with OSA.*

Uvulopalatopharyngoplasty (UPPP) is the most com-
mon type of sleep surgery for people with snoring, upper
airway resistance syndrome, and OSA that are caused by
excess tissue in the soft palate and oropharynx.’ Review
articles have noted that when this procedure is used alone,
short-term and long-term success rates range from 35% to
65% and from 28.6% to 55%, respectively.®’ In addition
to conventional UPPP, advanced pharyngeal procedures—
such as lateral pharyngoplasty (LP), expansion sphincter
pharyngoplasty, barbed reposition pharyngoplasty, and
suspension palatoplasty (SP)—have been indicated to
increase intraluminal space in the pharynx during
sleep.® "% All the aforementioned procedures are initiated
with tonsillectomy because the palatine tonsils directly
obstruct the pharyngeal space and impede the surgeons’
approach to the deep pharyngeal muscles."

Despite the benefits of tonsillectomies, potential com-
plications— such as bleeding, dysphagia, and dysesthesia
—are nonnegligible,'* particularly for patients with rela-
tive surgical contraindications (ie, bleeding tendency).
Furthermore, excessive excision of the soft tissue in oro-
pharynx potentially contributed to velopharyngeal
insufficiency.'” Thus, surgically effective treatments for
OSA that minimize invasiveness merit investigation.
Various upper airway surgeries without tonsillectomy
have been reported in therapies for snoring, upper airway
resistance syndrome, and OSA through treatment of the
soft with

reconstruction.'® However, the surgical effect on OSA

palate tissue trimming, stiffening or
was inevitably concerning because the palatine tonsils

and pharyngeal musculature were not treated
intraoperatively.

A suture suspension technique was first proposed to
pull the palatopharyngeus muscle (PM) laterally and ante-
riorly, thus advancing the soft palate and expanding the
pharyngeal space without tonsillectomy.'” Ma et al
reported that this minimally invasive procedure was effec-
tive for patients with OSA, with tonsil sizes of 0-2, and
with only retropalatal obstruction during drug-induced
sleep endoscopy (DISE). However, systematic reviews
have noted insufficient evidence regarding whether tonsil-
lectomy is essential for UPPP treatment in patients with
OSA with small tonsils.

In this study, we analyze the surgical outcomes of

patients with OSA and small tonsils who underwent

modified UPPP without tonsillectomy (UPsT). The corre-
lation between polysomnographic outcome and DISE find-
ings was also investigated. This study clarifies whether
tonsillectomy is always necessary for UPPP in patients
with OSA, thus aiding sleep surgeons in their selection
of candidates for UPsT.

Patients and Methods
Study Participants

This retrospective cohort study assessed the responses of
22 patients with OSA to UPsT. The surgeries were all
performed by a single surgeon (Dr Chiu, the first author)
from November 2017 to December 2019 at a tertiary
referral hospital. The inclusion criteria were as follows:
(1) The apnea—hypopnea index (AHI) or respiratory event
index on baseline attended polysomnogram, or home
sleep-apnea test results at >5 events/h; (2) BMI <30 kg/
m?; (3) tonsillar size was classified as grade 0-2; (4)
Friedman tongue position was at stage II or IIL;'® (5) no
complete collapse had occurred at the oropharynx, tongue
base, epiglottis, or larynx in DISE immediately before
upper airway surgery; (6) no prior upper airway surgery
had been performed other than nasal surgery; and (7)
patients were unwilling to accept CPAP therapy or were
nonadherent to CPAP therapy under the care of a board-
certified The
approved by the Ethics Institutional Review Board of the
Tri-Service General Hospital (TSGHIRB C202005157)
and complied with the Declaration of Helsinki. The

sleep medicine specialist. study was

informed written consent for patients was waived in accor-
dance with the institutional review board’s decision given
that the participant data being anonymized or maintained
with confidentiality in a simple chart and video review.

DISE with Target-Controlled Infusion
System

DISE was performed in a supine position in an operation
room immediately before UPsT. Oxymetazoline-soaked
pledgets were applied for the vasoconstriction of nasal
mucosa before the procedure. Throughout the examination,
Kabi
Injectomat TIVA Agilia, Bad Homburg, German) was

a target-controlled infusion system (Fresenius
employed: the system had an initial propofol dose of
1.5 pg/mL that was increased at increments of 0.2 pg/mL
to reach anesthesia of absent arousal to loud verbal stimula-
tion and maintain the bispectral index (BIS) level at approxi-

mately 60—70.' When the required BIS level was achieved,
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a flexible endoscope was used to assess potential obstruc-
tions in the upper airway. The DISE procedure lasted at least
2 minutes long or two to three repeat cycles of snoring,
hypoxia, obstruction with apnea and breakthrough with
snoring again to ensure reproducible and reliable assess-
ment. All DISE findings were scored by two experienced
otolaryngologists on the velum, oropharyngeal lateral walls,
tongue base, and epiglottis (VOTE) classification system.?’

Surgical Procedure and Surgical Success

Definition

All patients with OSA enrolled in the study underwent
UPsT. In addition to the preservation of palatine tonsils
intraoperatively, the methods of lateral pharyngoplasty
(LP)® and suspension palatoplasty (SP)'' were combined
study.
Submucosal fat tissue in the semilunar-shaped supratonsillar

into the palatopharyngoplasty used in our
area was removed, with careful preservation of the palato-
pharyngeus muscle (PM). The supratonsillar mucosa was
elevated laterally to expose the pterygomandibular raphe,
which provided the high tensile strength required to support
the suspension sutures of the PM. The PM was partially
lysed inferiorly to decrease the vertical tension and thus
facilitate the suspension. We used 1-0 Polysorb sutures to

secure the PM to the pterygomandibular raphe. Each suture

was passed through the pterygomandibular raphe first and
then through the PM. After the suspension of PM and wound
closure, the soft palate was advanced and thus contributed to
the expansion of the retropalatal space. The uvula was either
preserved or shortened to 1 cm in length if required (Figure
1). Finally, we used a 70-degree rigid endoscope to verify
the velopharyngeal space through the nose during the pro-
cedure in every patient to ensure sufficient velopharyngeal
space enlargement.

We defined surgical success using two criteria. The
loose criterion was defined as a >50% decrease in the
AHI relative to the baseline value and a postoperative
AHI of <20 events/h. The strict criterion was defined as
a >50% decrease in the AHI relative to the baseline value
and a postoperative AHI of <10 events/h.

Statistical Analysis

Statistical analysis was performed using commercially
available software (IBM SPSS statistics 22 for Windows;
SPSS, Chicago, IL, USA). Due to the small sample size,
we used nonparametric tests in this study; therefore, the
quantitative data were reported as median [25th and
752 percentile]. The quantitative data before and after
surgery were compared using Wilcoxon signed-rank test.
The quantitative post-operative outcomes (ie, post-op

Figure | Surgical view in UPsT. (A) Oropharynx before surgery. (B) Marking of bilateral supratonsillar area and pterygomandibular raphe. (C) Removal of supratonsillar fat
with limited muscle destruction. (D) Partial lysis of PM inferiorly; *, PM. (E) Closure of wound to suspend PM and to advance soft palate. (F) Oropharynx after surgery.
Abbreviations: UPsT, uvulopalatopharyngoplasty without tonsillectomy; PM, palatopharyngeus muscle.
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AHI) between different preoperative statuses at velum
were compared using Mann—Whitney U-test with two
groups or Kruskal-Wallis test with three groups. The pro-
portion of surgical success between different preoperative
statuses at velum were compared using Fisher’s exact test.
Significance was indicated at a two-sided P value <0.05.

Results

A total of 22 patients who satisfied the inclusion criteria
from November 2017 to December 2019 were enrolled; their
characteristics are summarized in Table 1. The upper airway
morphology observed in the sleep endoscopy examination of
each patient was recorded before surgery. Of the 22 patients,
15 were male and seven were female; they had a median age
of 46.5 years [interquartile range (IQR): 40-60 years],
a baseline AHI of 22.3 events/h [IQR: 13.1- 38.0 events/
h], and a minimum arterial oxyhemoglobin saturation
(Sa0,) of 83% [IQR: 79-88%]. The follow-up sleep study
was conducted at least 3 months after upper airway surgery.
The postoperative AHI and Epworth sleepiness scale (ESS)
values for all patients were 7.2 events/h [IQR: 3.7-11.7
events/h] and 5.5 [IQR: 3-7], respectively; these values
constituted significant improvements from the baseline
(P < 0.001, Wilcoxon signed-rank test). A total of 18
patients (18/22, 81.8%) and 15 patients (15/22, 68.2%)
fulfilled the loose and strict criteria of surgical success
after UPsT, respectively. All patients in our study were free
of postoperative events except for one patient who presented
short-term velopharyngeal insufficiency, which disappeared
within 1 week after surgery.

Staging Pattern of Sleep Endoscopy

At the level of the velum, 15 patients presented with
anteroposterior collapse (APC): 13 with complete collapse
(Figure 2A and B) and the others with partial collapse.

Table | Change in AHI Scores, Oxygen Saturation, and ESS
Scores Before and After Surgery

Variables Pre-op Post-op P
Male/Female, n 15/7

Age (years) 46.5 [40.0, 60.0] | - -

AHI (eventsthours) | 22.3 [13.1,38.0] | 7.2 [3.7, | 1.7] <0.001
Minimum SaO, (%) | 83.0 [79.0, 88.0] | 87.0 [83.0,89.0] | 0.012
ESS total score 10.5 [6.0, 14.0] 5.5 [3.0,7.0] <0.001
ESS2I1 points,n (%) | 11 (50.0) | (4.5) 0.002

Note: Data are presented as frequency (percentage) or median [25th, 75th
percentile].

Abbreviations: AHI, apnea—hypopnea index; SaO,, arterial oxyhemoglobin satura-
tion; ESS, Epworth sleepiness scale; pre-op, preoperative; post-op, postoperative.

Seven patients presented with concentric collapse: five
with complete concentric collapse (CCC, Figure 2C and
D) and the others with partial collapse (Table 2). No lateral
collapse at the velum was observed in the sleep endoscopy.
In addition to collapse at the velum, the sleep endoscopy
revealed partial collapse at the tongue base in four patients
and at the oropharynx in five patients (data not shown).
Patients with complete collapse at the tongue base, oro-
pharynx, epiglottis,

and hypopharynx were initially

excluded.

Correlation Between Sleep Endoscopy

and Surgical Outcome

Patients were stratified by collapse pattern in the preopera-
tive sleep endoscopy at the level of the velum. The surgi-
cal outcomes comprised the follow-up AHI value and the
minimum SaO,, AHI reduction ratio, and surgical success
rate. The groups of OSA patients with CCC and other
collapse pattern were compared with respect to these para-
meters (Table 2, Figure 3A).

Noticeably, when patients presented CCC in preopera-
tive DISE with a target-controlled infusion system (TCI-
DISE), their follow-up AHI values were significantly
higher than those of patients with complete APC and
partial collapse (Figure 3B). In addition, the surgical suc-
cess rate (either of loose or strict criteria) was significantly
lower in patients with CCC in TCI-DISE. No significant
difference was found in the AHI reduction ratio and fol-
low-up minimum SaO, in patients with preoperative CCC
versus in patients without CCC (Table 2).

Discussion

Our study analyzed the surgical outcomes for 22 patients
with OSA who underwent TCI-DISE and UPsT; 18
patients (18/22, 81.8%) and 15 patients (15/22, 68.2%)
fulfilled the loose and strict criteria of surgical success,
respectively. Among the 22 patients, significant improve-
ments were observed in AHI, ESS as well as in minimum
Sa0, postoperatively. The surgical outcomes of UPsT
noted in this study indicated that tonsillectomy is not
required for those patients with OSA, with small tonsils,
and with only obstruction at the velopharynx in DISE.
Moreover, the patients with complete APC and partial
collapse of the velopharynx in TCI-DISE presented higher
surgical success rates for UPST compared with patients
with CCC. This finding indicates that CCC at the velum
in TCI-DISE is a predictor of poor surgical outcomes from
UPsT, as noted by Hsu and Wang.?'~

I 4 submit your manuscript

Dove

Nature and Science of Sleep 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dovepress

Chiu et al

Figure 2 Collapse pattern at velum during TCI-DISE. (A) Expiration view, where complete APC was revealed on inspiration (B). (C) expiration view, where CCC was

revealed on inspiration (D).

Abbreviations: APC, anteroposterior collapse; CCC, complete concentric collapse; PW, pharyngeal wall; TCI-DISE, drug-induced sleep endoscopy with target-controlled

infusion system; V, velum.

Patients with OSA and with tonsillar size of grade 3
or 4, obesity, or craniofacial anomalies were assumed to
be predisposed to airway obstruction during sleep.?
According to Friedman, the anatomy of the upper air-
way determines the surgical success rate of UPPP.
Among the patients classified as stage I in Friedman
staging (low tongue position and large tonsils), the post-
UPPP success rate approached 90%.>* However, for
patients with OSA and small tonsils, as noted in our
study and in the literature, the surgical response to
UPPP is significantly decreased.”>** Notably, the

Table 2 Outcome According to Preoperative Status at Velum

patients with OSA with small tonsils enrolled in this
study exhibited good responses to UPsT; the surgical
success rate was 81.8% according to the Sher criteria
(AHI < 20/h and a >50% reduction).*> This difference in
surgical outcomes may have originated from the appli-
cation of preoperative DISE to exclude those patients
with OSA and with complete collapse at the tongue
base, oropharynx, and epiglottis. Moreover, combination
of the technique of SP and LP into our procedure

potentially expanded more retropalatal space than

Velum N | Post-op AHI Post-op AHI Reduction | Surgical Success Surgical Success
Status (Events/Hours) Minimum SaO, (%) | Ratio (%) (Loose Definition)# (Strict Definition)*
Pre-op velum

Non-CCC | 17 | 54[2.9,7.8] 88.0 [83.0, 90.0] 64.9 [55.4, 78.7] 16 (94.1) 14 (82.4)

CCC 5 | 2207[le.1, 25.8] 86.0 [83.0, 87.0] 52.0 [33.7,61.8] | 2 (40.0) I (20.0)

P value 0.001 0.446 0.164 0.024 0.021
Pre-op velum

PC 4 1.9 [1.5, 2.9] 89.5 [85.5, 92.0] 67.3 [59.6,79.4] | 4 (100) 4 (100)

Total APC | 13 | 7.2 [5.2, 8.9] 87.0 [83.0, 89.0] 60.9 [55.4, 78.7] 12 (92.3) 10 (76.9)

CCC 5 | 2207[le.1, 25.8] 86.0 [83.0, 87.0] 52.0 [33.7,61.8] | 2 (40.0) I (20.0)

P value 0.001 0.442 0.279 0.042 0.024

Notes: Data were presented as frequency (percentage) or median [25th, 75th percentile]; #250% decrease in the AHI relative to the baseline value and a postoperative AHI
of <20 events/h; ¥250% decrease in the AHI relative to the baseline value and a postoperative AHI of <10 events/h.
Abbreviations: AHI, apnea—hypopnea index; CCC, complete circumferential collapse; APC, anterior—posterior collapse; pre-op, preoperative; post-op, postoperative.
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Figure 3 Follow-up AHI values of the 22 patients with dichotomized (A) and detailed (B) CCC pattern.
Abbreviations: AHI, apnea—hypopnea index; CCC, complete concentric collapse; PC, partial collapse; APC, anteroposterior collapse.

conventional UPPP, and thus contributed to such
a discrepancy.

DISE is widely considered a useful tool with benefits
for decision-making regarding upper airway surgery in
patients with OSA.?* The correlation between the staging
pattern of DISE and surgical outcomes was also investi-
gated. In the literature review, CCC at the velum was
noted to be a potential marker of greater collapsibility of
the pharynx*® and an independent factor in poor surgical
results to palatopharyngoplasty alone.?' In addition, CCC
was considered to be a contraindication for the advanced
technique of upper airway stimulation.”” In our study, five
patients undergoing UPsT presented CCC in the preopera-
tive sleep endoscopy. All five patients with CCC benefited
from the surgery, with a reduction observed in the AHI
value, an increase of minimum SaO, and an improvement
in daytime sleepiness (data not shown). However, three
patients failed to satisfy the Sher criteria for surgical
success. Residual collapse of the upper airway was indi-
cated to be present in the nonresponders postoperatively.
Therefore, the presence of CCC in DISE was a poor
prognostic factor for UPsT, as described in reports on
other surgical procedures.?'*? Performing DISE after sur-
gery would be a very interesting way to evaluate the
response and correction of collapses.”® Nevertheless, post-
operative DISE was unavailable in this study for practical
and economic reasons; thus, whether a persistent CCC or
a newly developed collapse in the upper airway contrib-
uted to the poor surgical outcome remains unclear.
Notably, most of the other 17 patients without CCC

presented good responses to UPST with significant post-
operative improvements in ESS and AHI value. Hence,
UPsT was a potentially effective surgery for patients with
OSA exhibiting complete APC and partial collapse in
preoperative DISE.

In addition to CCC, which was a predictor of poor
surgical outcomes, the complete tongue base collapse
exhibited during DISE was considered unfavorable to the
result of upper airway surgery for patients with OSA.
Wang et al described an association between complete
collapse at the tongue base and higher rates of nonre-
sponse to UPPP.?! Koutsourelakis et al noted complete
collapse at the tongue base to be an independent poor
prognostic factor for upper airway surgery.”’ Multilevel
upper airway surgery, such as UPPP combined with tongue
base reduction, was considered a superior therapy to UPPP
alone for the treatment of OSA with complete tongue base
collapse.”” The patients with complete tongue base col-
lapse were initially excluded from the present study.
Therefore, the superiority of UPST to other procedures
with respect to surgical outcomes was attributable to the
exclusion of patients with OSA with complete tongue base
collapse.

With the evolution of methods for upper airway sur-
gery for OSA, various palatopharyngeal procedures have
been proposed for the further expansion of the velophar-
ynx and the oropharynx.®'* In our study, in addition to the
resection of unnecessary palatal tissue, the concept of SP
was incorporated into UPsT, in which the PM was sus-
to advance the soft Anterolateral

pended palate.
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suspension of the PM reportedly benefited the expansion
of the retropalatal space more than palatal surgery alone
did."""* We used thick 1-O Polysorb sutures herein to
suspend the PM, which potentially facilitated to sustain
the expansion of retropalatal space before complete heal-
ing of wound. Despite the reposition pharyngoplasty with
barbed sutures was effective for the treatment of OSA,"
whether conducting barbed sutures in our procedure brings
better surgical effect remains unclear. The pterygomandib-
ular raphe, a ligamentous band of the buccopharyngeal
fascia that attaches superiorly to the pterygoid hamulus,
was essential to providing a reliable structure that sup-
ported the suspension sutures of PM in our study and
literature review.''*** Furthermore, an LP technique was
applied, whereby the PM was partially lysed inferiorly.®
This contributed to the decrease in tension between the
PM and the pterygomandibular raphe, facilitating the
advancement of the soft palate.®

All 22 patients in our study were free of postoperative
events except for one patient who exhibited temporary
velopharyngeal insufficiency. Moreover, dysphagia after
surgery was a concern herein because the PM, which
involved in the pharyngeal phase of swallowing’' was
partially lysed inferiorly. Although destruction of the PM
potentially induces swallowing problems, reports of long-
term dysphagia after palatopharyngeal surgery were rare in
the literature review.® '*?! No patient experienced either
short-term or long-term dysphagia in the present study.
However, more evidence is required because of this
study’s small sample size.

Although UPsT resulted in good outcomes in the treat-
ment of patients with OSA with small tonsils, this finding
should be interpreted in the context of the following lim-
itations of the present study. First, this report was
a retrospective study of few cases (only 22 patients).
Despite the significant differences between the groups
with respect to PSG parameters, the CCC group was
much smaller than the complete APC group. Second,
patients with anatomic factors predisposing them to OSA
—such as hypertrophic palatine tonsils, morbid obesity,
and craniofacial anomalies—were not enrolled. Patients
with complete collapse at the tongue base, oropharynx,
and hypopharynx were also excluded. The application of
UPsT is ordinarily limited to patients with OSA with
particular features and not to the whole population.
A total of 103 patients experienced preoperative DISE
and upper airway surgery within the research period in
our institution, but only 22 cases (21.4%) met the criteria

for UPsT; thus, selection bias is inevitable. Suspension
palatoplasty alone or combined with tongue base/hypo-
pharyngeal surgery was preserved for patients with OSA
with big tonsils and multilevel collapse in DISE. Third, as
noted in other studies, scoring on the DISE is subjective,
and reliability is necessarily compromised despite the use
of experienced reviewers. Thus, to make our results more
consistent, two experienced sleep surgeons reviewed our
DISE videos. Upper airway narrowing can be aggravated
by sedation and continuous propofol infusion,*? contribut-
ing to overstaging during DISE. TCI-DISE was used in
our study because this technique provides greater accu-
racy, stability, and safety in the determination of multiple
anatomic site obstructions than does the conventional
bolus technique.’® Finally, the follow-up duration of this
study was relatively short (from 6 to 31 months). No PSG
data over 1 year after surgery were acquired. Thus, the
long-term results of UPsT remain uncertain.

The study’s results indicate that UPsT may effectively
improve OSA severity and subsequent daytime sleepiness
in patients with small tonsils and obstruction at the velo-
pharynx in DISE. Because unilevel palatopharyngoplasty
was reported to potentially alleviate multilevel obstruction
in the upper airway,”' whether UPsT is favorable for
patients with OSA exhibiting multiple collapse requires
further investigation. Future prospective or larger retro-
spective studies are required to add clinical significance.

Conclusion

Our study demonstrated the effect of UPST on OSA and
indicated that tonsillectomy is not always essential for the
treatment of OSA, particularly for patients with small
tonsils, and with only retropalatal obstruction in DISE.
The presentation of CCC in sleep endoscopy indicates
a relatively poor surgical outcome, and thus patients with
OSA with such DISE findings are not candidates for UPsT.

Highlights
1. Modified UPPP without tonsillectomy effectively alle-
viates the severity of OSA.
2. Complete concentric collapse is a poor prognostic
factor for modified UPPP without tonsillectomy.
3. Sleep endoscopy facilitates the selection of candidates
for modified UPPP without tonsillectomy.
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