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Introduction: The findings of drug-induced sleep endoscopy (DISE) are not always
correlated with the outcome of upper airway surgery for obstructive sleep apnea (OSA),
and whether multilevel surgery is truly required in treating multilevel obstruction identified
in preoperative DISE remains an issue. We attempted to compare DISE findings before and
after palatopharyngoplasty in patients with OSA because changes in DISE may be beneficial
to better understand polysomnographic and anatomical outcomes.

Methods: This was a prospective cohort study for 34 patients with moderate to severe OSA
who underwent palatopharyngoplasty at a tertiary care center from 2016 to 2018. We
recorded the patients’ demographic characteristics, procedures, and surgical outcomes and
compared the preoperative and postoperative DISE staging patterns.

Results: The apnea-hypopnea index (AHI) values of 34 adults improved significantly after
surgery (40.6 = 23.3 versus 25.6 + 20.6, P < 0.001). The majority of patients, 26/34, had
preoperative complete concentric collapse at the velum, and for most (20/26, 77%) there was
a change of the collapse pattern into anteroposterior collapse postoperatively. Patients with
postoperative velar collapse had higher follow-up AHI values than those who without (27.8 +
21.9 versus 15.2 + 7.7, P = 0.023). Patients with preoperative complete tongue base collapse
had higher follow-up AHI values than did those with no or partial collapse (40.6 + 21.0 versus
21.0 £ 18.6, P = 0.017). Patients with postoperative complete tongue base collapse also had
higher follow-up AHI values than the others (42.7 + 22.1 versus 18.5 + 15.4, P = 0.001).
Conclusion: Palatopharyngoplasty could change the collapse pattern at the velum in most
patients. Preoperative and postoperative complete tongue base collapse and postoperative
velar collapse identified in TCI-DISE were associated with relatively poor outcomes.
Keywords: obstructive sleep apnea, drug-induced sleep endoscopy, palatopharyngoplasty,
postoperative, complete concentric collapse, tongue base collapse

Plain Language Summary

To patients with obstructive sleep apnea (OSA) who are not compliant to conservative
therapy, upper airway surgery is an alternative. However, because of the complex nature of
upper airway, it is hard for surgeons to do surgical decision making. Drug induced sleep
endoscopy (DISE) is an accessible tool for surgeons to see which part of upper airway
collapse when OSA patients are asleep, however, the surgical decision making according to
those findings did not always achieve better surgical outcome. For example, Hsu and
Jacobowitz described that for OSA patients with multiple obstruction sites or only one
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obstruction site in DISE, single surgery to one of the obstruction
sites contributed to similar postoperative sleep apnea improve-
ments. One reason for the surprising result was that doing DISE
with manual injection of propofol may cause unsteady sleep and
excessive collapse in upper airway, especially tongue base.

To clarify whether multiple surgeries are necessary to multi-
ple obstructions in DISE, we did a study of DISE with target-
controlled infusion (TCI-DISE) before and after single surgery.
TCI-DISE is a better way to control the sleep depth by using
drug injection machine.

In this study of 34 patients, we found that there were sig-
nificant associations between TCI-DISE findings and surgical
outcomes, especially preoperative and postoperative complete
tongue base collapse and postoperative velar collapse. Our results
indicate that multiple surgeries should be considered in OSA
patients with multiple obstructions in TCI-DISE. Furthermore,
revision surgery may be also needed if there is persistent collapse
at velum in postoperative TCI-DISE.

Introduction
Obstructive sleep apnea (OSA) is a highly prevalent dis-
order. Benjafield et al' estimated that 425 million adults
have moderate to severe OSA globally. This disorder also
poses a considerable threat to public health because it has
been associated with excessive daytime sleepiness,’
increased risk of sudden cardiac death,® hypertension,* cer-
ebrovascular incidents,” and type 2 diabetes.® Although
continuous positive airway pressure (CPAP) therapy is typi-
cally used as the first-line treatment,” upper airway surgery
is considered an alternative therapy because long-term
adherence to CPAP therapy is often suboptimal.®
Uvulopalatopharyngoplasty (UPPP) is commonly
applied to patients with OSA for whom CPAP therapy
failed. In a review the short-term and long-term success
rate of this procedure alone ranged from 35% to 65% and
from 28.6% to 55%, respectively.”!® To improve out-
comes and avoid complications,'’ advanced procedures
have been advocated to increase the intraluminal space
of the pharynx during sleep; these procedures include
lateral pharyngoplasty (LP), expansion sphincter pharyn-
goplasty, barbed reposition pharyngoplasty, and suspen-
sion palatoplasty (SP).!>'3 LP is performed to expand
the lateral pharyngeal airway by cutting and repositioning
the lateral pharyngeal musculature, such as the palatophar-
yngeus and superior constrictor. SP is applied to enlarge
the anterior-posterior velopharyngeal dimension by pulling
the soft palate forward and anchoring it to the pterygo-
mandibular raphe. These procedures involve less soft
palate excision than does traditional UPPP, preventing

scar formation and stenosis.'® However, the effects of
these surgical procedures on the staging or pattern of
upper airway obstruction identified in drug-induced sleep
endoscopy (DISE) have not been well investigated.'’

To target the sites and structures of upper airway
obstruction before surgery, sleep endoscopy was first
advocated by Croft and Pringle in the 1990s.'® Kezirian
renamed this technique “DISE”' and developed the
velum, oropharyngeal lateral walls, tongue base, and epi-
glottis (VOTE) classification system.?® Because this pro-
cedure offers a real-time and dynamic image to identify
the sites where upper airway obstruction occurs in simu-
lated sleep, it has been widely adopted as a potentially
useful tool to help surgeons customize their surgical plan
for each patient with OSA.?! In addition, multilevel upper
airway obstruction occurs in many patients with OSA,*
but the assessment in awake state does not predict tongue
base collapse in sleep.?®> Thus, DISE could potentially be
used to guide surgical decision-making.

Polysomnographic outcomes after DISE-guided upper

satisfactory.?! 428

airway surgery are not always
Concentric velum collapse, total anteroposterior tongue
base obstruction, retrolingual lateral pharyngeal wall col-
lapse, and supraglottic laryngeal collapse identified in
preoperative DISE have been reported to predict surgical
failure.”>2%** Preoperative DISE findings are not necessa-
rily helpful either: Meraj et al*” revealed that such findings
are not correlated with surgical success after multilevel
surgery combined with transoral robotic tongue base resec-
tion. These studies have raised some questions. The first
question relates to whether multilevel surgery is truly
effective in treating multilevel obstruction identified in
DISE. The second question relates to whether multilevel
surgery is required for every patient with multilevel
obstruction revealed through preoperative DISE. In our
previous study,”® we found that in patients treated with
palatopharyngoplasty alone, surgical outcomes for multi-
level and unilevel obstructions identified in DISE were
similar. To further clarify these questions, postoperative
DISE analysis may be very useful. More reliable DISE
techniques are also required for the identification of col-
lapse patterns in stable sleep and to achieve that, target-
controlled infusion (TCI) is a suitable choice.””**

In this study, we analyzed the staging patterns of pre-
operative and postoperative DISE in patients with moder-
ate to severe OSA after advanced palatopharyngoplasty.
We used TCI techniques in this DISE study (henceforth

TCI-DISE) because it could engender more stable sleep
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throughout the examination. This technique enabled us to

possibly obtain more reliable results.?*~*°

Methods
Study Subjects

This prospective study assessed 34 patients with moderate to
severe OSA who underwent palatopharyngoplasty; we per-
formed DISE before and at least 3 months after surgery. The
operations were all performed by a single surgeon (Dr. Ying-
Shuo Hsu) from 2016 to 2018 at a tertiary referral hospital
(Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan).
Inclusion criteria were as follows: (1) having a baseline AHI
or respiratory event index of >15 events/h, as revealed by
(PSG, Grael
Compumedics Limited, Abbotsford, Victoria, Australia]) or
home sleep apnea test (HST, [ApneaLink Air, Resmed Ltd,
NSW, Australia]); (2) having received a follow-up sleep

a  polysomnogram [Compumedics

study and sleep endoscopy at least 3 months after upper
airway surgery; (3) having no prior upper airway surgery
other than nasal surgery; (4) being unwilling to accept CPAP
therapy or nonadherent to CPAP therapy under the care of
a board-certified sleep medicine specialist; (5) having no
significant nasal obstruction or receiving treatment for it at
the same time; and (6) having no habitual use of sedatives,
antipsychotics, melatonin and alcohol abuse. We performed
an overnight standard PSG and conducted the corresponding
scoring in accordance with the American Academy of Sleep
Medicine’s 2012 definitions,' using the same scoring cri-
teria for the relevant patients’ preoperative and postoperative
studies. Specifically, hypopnea is scored when the peak
signal excursions drop by > 30% of pre-event baseline
using nasal pressure, for >10 seconds in association with
either > 3% arterial oxygen desaturation or an arousal.
Studies were interpreted by a board-certified sleep
physician.

The study protocol (IRB Number: 20161002R) was
approved by the institutional review board of Shin Kong
Wu-Ho-Su Memorial Hospital, Taipei, Taiwan. All patients
provided written informed consents prior to participation,
and this study complied with the Declaration of Helsinki.

TCI-DISE System

DISE was performed in the supine position in an outpatient
clinic setting in the bronchoscopy room before and at least 3
months after palatopharyngoplasty. Oxymetazoline-soaked
pledgets were applied to both nostrils for vasoconstriction
of the nasal mucosa before the procedure. To control the

depth of sleep throughout the examination, a TCI system
(Fresenius Kabi Injectomat TIVA Agilia, Bad Homburg,
Germany) was used to achieve a target level of anesthesia
of absent arousal to loud verbal stimulation and maintain the
bispectral index (BIS) at 50 to 70.2%3% In short, the Schnider
model*? was used to administer propofol at a starting dose
of 3.0 mcg/mL and subsequent increments of 0.1 to 0.3
mcg/mL until a new cerebral concentration was reached.
Compared with conventional bolus injection techniques,'’
TCI-DISE could provide greater accuracy, stability, and
safety. When the BIS level was achieved, a flexible endo-
scope was passed through the nasal passage, nasopharynx,
velum, oropharynx, tongue base, epiglottis, and larynx to
assess the obstruction sites. The DISE procedure lasted at
least 2 minutes long or 2 to 3 repeat cycles of snoring,
hypoxia, obstruction with apnea and breakthrough with
snoring again to ensure reproducible and reliable
assessment.>> All examinations were video recorded, and
the degree of obstruction at each anatomic site was deter-
mined by 2 experienced sleep doctors, one of whom
(Dr Chiu) was blinded to the type of surgery and post-
operative polysomnographic outcome. In case of disagree-
ment in scoring, the reviewers will discuss it to meet the
consensus.

Every patient enrolled in the study underwent preopera-
tive DISE, and postoperative DISE was also performed at
least 3 months after surgery. All the DISE findings were

scored using the VOTE classification system.?’*

Palatopharyngoplasty and Surgical Success

Definition

All patients underwent palatopharyngoplasty for retropa-
latal collapse identified in DISE. For each patient, we used
a 70° rigid endoscope to examine the velopharyngeal
space through the nose during the procedure in order to
ensure sufficient velopharyngeal space enlargement.

The palatopharyngoplasty procedure we performed for the
participants was originated from the conventional SP'> with
the incorporation of some LP elements. Briefly, after tonsil-
lectomy, we removed the submucosal fat tissue in the semi-
lunar-shaped supratonsillar area, with careful preservation of
the palatopharyngeus muscle and pillar mucosa. The supra-
tonsillar mucosa was elevated laterally to expose the pterygo-
mandibular raphe, where the upper palatopharyngeus muscle
was secured with 2-0 Vicryl sutures. We partially lysed the
palatopharyngeus inferiorly before suspending it to the pter-
ygomandibular raphe. We also shortened the uvula to 1 cm in
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length if required. Furthermore, we performed vertical poster-
ior wall-releasing incisions if horizontal tension bands were
present.

We defined surgical success as a >50% decrease in the
AHI relative to the baseline value and a postoperative AHI
of <20 events/h.

Statistical Analysis

We observed several zero cells in a cross-table of preopera-
tive x postoperative sleep endoscopy staging patterns; there-
fore, the change from preoperative to postoperative patterns
was evaluated using the exact and Monte Carlo symmetry
tests for paired contingency tables. The Monte Carlo sym-
metry test is equivalent to uncorrected McNemar and
McNemar-Bowker tests when there are no zeros in critical
cells.*®> We applied an independent-sample ¢ test to compare
continuous surgical outcomes (ie, follow-up AHI values)
between patients with and without complete obstruction
after surgery. Moreover, we used a one-way analysis of
variance to compare continuous surgical outcomes between
patients with no collapse, partial collapse, and complete
collapse postoperatively. We employed the Fisher exact
test to compare surgical success rates in patients with differ-
ent staging patterns. A 2-sided P value of <0.05 was con-
sidered statistically significant. The Monte Carlo symmetry
test was conducted using R version 3.6.3 (R Development
Core Team) with the “rcompanion” package (Version 2.3.26
updated on November 5, 2020). Other data analyses were
done by using SPSS 25 (IBM SPSS Inc, Chicago, IL, USA).

Results
Baseline Characteristics and Surgical

Outcomes
A total of 60 patients underwent palatopharyngoplasty from
2016 to 2018, with lost follow-up sleep studies or unwilling
to have post-op DISE in 26 patients. Overall, 34 patients
who underwent palatopharyngoplasty from May 2016 to
September 2018 with post-op DISE were finally included
in this study. Men constituted a predominant portion of all
patients (82.4%; 28/34). The average age was 45.5 + 11.4
years. We conducted the follow-up sleep study at least 3
months after upper airway surgery. We also analyzed the
patients’ baseline characteristics and surgical outcomes.
Table 1 presents the changes in body mass index
(BMI), AHI, and oxygen saturation (SaO,) before and
after surgery. The surgical AHI success rate in all

Table | Baseline Characteristics and Changes After Surgery
(N = 34)

Variable P
Age, year 464 + 11.4
Male sex 28 (82.4)
BMI (kg/m?) 0.803
Pre-op 27.9 + 4.1
Post-op 27.6 £ 35
AHI (events/ hours) <0.001
Pre-op 40.6 + 233
Post-op 25.6 + 20.6
Minimum SaO, (%) 0.008
Pre-op 76.4 £ 9.5
Post-op 79.7 £ 8.0
Surgical outcome
AHI reduction ratio (%) 39.9 £ 30.0
Increase of minimal SaO, 33168
Success rate (%) 10 (29.4)

Notes: Data are presented as frequency (percentage) or mean * standard
deviation.

Abbreviations: OP, operation; BMI, body mass index; AHI, Apnea-hypopnea
index; SaO,, Arterial oxyhemoglobin saturation.

participants was 29.4% (10/34). The AHI and minimal
Sa0, values were significantly improved after surgery.

Sleep Endoscopy Staging Patterns: Velum
Preoperatively, all patients presented complete collapse at the
velum level: 6 patients presented anteroposterior collapse
(APC), 2 presented lateral collapse (LC), and the remaining
26 presented complete concentric collapse (CCC). Among
the 26 patients with preoperative CCC (Figure 1A and B),
postoperative sleep endoscopy demonstrated APC (Figure 1C
and D) in 20 (complete: 18; partial: 2), persistent CCC in 3,
and total CCC resolution in the remaining 3. Among the 6
patients with preoperative complete APC at the velum, total
resolution was achieved in 2 but complete APC remained in
the remaining 4 after surgery. For the 2 patients with pre-
operative LC, postoperative sleep endoscopy demonstrated
total resolution of LC at the velum (P <0.001; Figure 2).
Sleep endoscopy in our study demonstrated an obvious trans-
formation from preoperative CCC to postoperative APC.

Sleep Endoscopy Staging Pattern: Tongue

Base
A total of 12 patients presented tongue base collapse preopera-
tively: 8 with complete collapse and 4 with partial collapse. 16
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Figure | Demonstration of the collapse pattern at the velum before and after surgery from the same patient during TCI-DISE. (A) Preoperative expiration view, and CCC
was revealed on inspiration (B). (C) Postoperative expiration view, and APC was revealed on inspiration (D).
Abbreviations: CCC, complete concentric collapse; APC, anteroposterior collapse; PW, pharyngeal wall; V, velum.
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Figure 2 Detailed different collapse patterns at the velum before and after surgery
for all 34 patients. The numbers “0,” “1,” “2,” and “3” indicate no collapse, partial
anteroposterior collapse, total anteroposterior collapse, and total lateral collapse,
respectively.

Abbreviation: CCC, complete concentric collapse.

patients presented tongue base collapse postoperatively: 10
with complete collapse and 6 with partial collapse. Among the
8 patients with preoperative complete tongue base collapse, 5,
2, and 1 presented complete, partial, and total resolution of
tongue base collapse postoperatively, respectively
(Figure 3A-D). Of the 22 patients without tongue base col-
lapse, 7 presented prominent tongue base collapse (complete:

4; partial: 3) after palatopharyngoplasty (Figure 4A and B).

Noticeably, no significant differences before and after opera-
tion were observed. Furthermore, either preoperative or post-
operative complete collapse at tongue base was not correlated
with the collapse at velum (data not shown).

Relationship Between Sleep Endoscopy
Findings and Surgical Outcomes

Among 15 patients in all 34 participants, multilevel collapse
observed in preoperative DISE (15/34, 44.1%).
Postoperatively, multilevel collapse remained only in 6
patients (6/34, 17.6%). The results demonstrated that there
was significant difference in post-OP AHI between patients

was

with and without complete collapse of >2 levels for VOTE.
The patients with complete collapse of >2 levels had greater
post-OP AHI values than the patients who without (38 vs 20.4
event/hour, P =0.021). Moreover, we conducted an additional
analysis to evaluate multilevel collapse for velum and tongue
base. The results showed that the post-OP AHI was signifi-
cantly greater in patients with complete collapse for both
velum and tongue base than those who without preoperatively
(46 vs 22.1 event/hour, P = 0.014). We have added two
supplemental tables (Supplemental Tables 1 and 2) to demon-

strate the results.
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Figure 3 Complete tongue base collapse observed in TCI-DISE indicated a relatively poor surgical outcome after palatopharyngoplasty. Hypopharynx in expiration (A) and
inspiration (B) preoperatively revealed complete tongue base collapse. Hypopharynx in expiration (C) and inspiration (D) revealed complete tongue base collapse again
postoperatively.

Abbreviations: E, epiglottis; PW, pharyngeal wall; TB, tongue base.

M Preoperative  m Postoperative M Preoperative  m Postoperative
25
P=0.644 0 P=0.727

1% v 25
£ 2 £
2 K

= w 20
o 15 [oX
Y Y
S —
& 1w 8

£ £ 10
= >
=2 5 =2

5

0 0

0 1 2 None/partial Complete
Collapse pattern at tongue base Collapse pattern at tongue base
Figure 4 Detailed (A) and dichotomized (B) tongue base collapse patterns before and after surgery. The numbers “0,” “1,” and “2,” indicate no collapse, partial collapse, and

complete collapse, respectively.

We stratified the patients into groups depending on  The surgical outcomes included the follow-up AHI
whether the postoperative sleep endoscopy findings value, AHI reduction ratio, and surgical success rate.
revealed complete collapse at each upper airway level. Patients with remaining collapse at velum had greater
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Table 2 Outcomes According to Preoperative and Postoperative Status at the Velum
# of Patients Post-OP AHI (Events/ Hours) | AHI Reduction Ratio (%) Success
Pre-OP velum
Non-CCC 8 24.7 £ 149 27.2 £ 30.7 2 (25.0)
CCC 26 25.9 £ 223 438 + 293 8 (30.8)
P value 0.888 0.174 1.000
Pre-OP velum
Non-collapse 0 NA NA NA
Collapse 34 25.6 + 20.6 39.9 £ 30.0 10 (29.4)
P value NA NA NA
Pre-OP velum
0 0 NA NA 0 (0.0)
I 0 NA NA 0 (0.0)
2 6 292 * 144 199 + 25.2 1 (16.7)
3 2 1.1 +42 49.2 + 46.1 1 (50.0)
CCC 26 25.9 £ 223 438 +293 8 (30.8)
P value 0.569 0.194 0.671
Post-OP velum
Non-CCC 31 25.8 + 20.1 38.8 £29.0 9 (29.0)
CCC 3 23.7 + 304 514 +453 1 (33.3)
P value 0.867 0.497 1.000
Post-OP velum
Non-collapse 6 152 +77 474 + 2238 2 (333)
Collapse 28 278 +£21.9 383+ 314 8 (28.6)
P value 0.023* 0.511 1.000
Post-OP velum
0 6 152 +77 474 + 2238 2 (333)
| 3 327 £ 187 222+78 0 (0.0)
2 22 27.8 +22.1 387 +£31.8 7 (31.8)
3 0 NA NA 0 (0.0)
CCC 3 23.7 £ 304 514 +453 1 (33.3)
P value 0.563 0.616 0.853

Note: Data are presented as frequency (percentage) or mean * standard deviation.

Abbreviations: OP, operation; AHI, Apnea-hypopnea index; NA, not applicable; CCC, complete concentric collapse; 0, no collapse; |, partial anteroposterior collapse; 2,

total anteroposterior collapse; 3, total lateral collapse. *P <0.05.

postoperative AHI values than those without (27.8 vs
15.2 events/hour, P = 0.023) (Table 2). We observed no
significant difference in all outcomes between patients
with preoperative and postoperative CCC and those
without CCC (Table 2), but only 8/34 patients had
a non-CCC pattern. Notably, when patients presented
complete tongue base collapse as revealed by their pre-
operative or postoperative TCI-DISE findings, their
postoperative AHI values were significantly higher
than those of patients with partial or no tongue base
collapse in TCI-DISE findings before or after surgery.
(Table 3 and Figure 5A and B). Those significance

results were even more significant after adjusting for

age and preoperative BMI value in the multivariable
linear regression analyses (data not shown).

The sleep endoscopy staging patterns for the orophar-
ynx and epiglottis are listed. We observed no significant
differences in all outcomes between patients with and
without complete obstruction at the oropharynx or at the
epiglottis (Table 4).

Discussion

According to our review of the literature, this is the first
study to prospectively collect preoperative and postopera-
tive TCI-DISE and sleep study data in patients with mod-
erate to severe OSA who underwent palatopharyngoplasty.
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Table 3 Outcomes According to Preoperative and Postoperative Status at the Tongue Base

# of Patients | Post-OP AHI (Events/ Hours) | AHI Reduction Ratio (%) Success

Pre-OP status (dichotomous)

No collapse/partial 26 21.0 £ 18.6 45.8 £ 30.0 9 (34.6)

Complete 8 406 £ 21.0 208 £ 21.8 1 (12.5)

P value 0.017* 0.038* 0.385
Pre-OP status

No collapse 22 21.7 £19.8 43.9 £ 32.1 7 (31.8)

Partial 17.1 £ 10.7 56.0 £ I1.5 2 (50.0)

Complete 8 406 £ 21.0 208 +21.8 1 (12.5)

P value 0.054 0.089 0.345
Post-OP status (dichotomous)

No collapse/partial 24 185+ 15.4 45.3 £ 309 8 (33.3)

Complete 10 42.7 £22.1 26.9 + 245 2 (20.0)

P value 0.001* 0.104 0.683
Post-OP status

No collapse 18 185+ 159 43.1 £30.5 6 (33.3)

Partial 6 18.6 + 15.3 52.1 £ 339 2 (33.3)

Complete 10 42.7 £22.1 269 + 245 2 (20.0)

P value 0.004* 0.221 0.780

Notes: *P <0.05; Data are presented as frequency (percentage) or mean * standard deviation.

Abbreviations: OP, operation; AHI, Apnea-hypopnea index.

AHI values were significantly reduced, and the minimal
SaO, value was significantly elevated postoperatively.
TCI-DISE demonstrated that most patients’ CCC at the
velum level shifted to anteroposterior collapse after pala-
topharyngoplasty. However, these changes were not sig-
nificantly associated with the AHI. Relatively poor
surgical outcomes after palatopharyngoplasty were signifi-
cantly related to multilevel collapse identified preopera-
tively and tongue base collapse in either preoperative or
postoperative TCI-DISE. Because tongue base collapse
significantly contributes to relatively poor surgical results,
multilevel surgery to treat the tongue base may be neces-
sary when tongue base collapse is observed in TCI-DISE.
Furthermore, our results demonstrated that patients with
remaining collapse at velum had greater residual AHI
values after palatopharyngoplasty. A persistent collapse
at the level of the velum may need further treatment, as
upstream persistent collapse could mediate downstream
collapse.

Most patients (26/34, 76.5%) had preoperative CCC of
the velum, 20 presented APC (20/26, 76.9%), as revealed
by the postoperative DISE. This transformation has also
3637 Although
described that collapse

studies.
]37

been addressed in related

Hasselbacher et al*® and Liu et a

pattern changed at velopharynx among 15 and 12 patients
after palatopharyngoplasty respectively, the correlations
between postoperative DISE and surgical outcome were
not investigated fully, and those studies were done by
manual injection of propofol. Besides, the change of col-
lapse pattern in DISE at lower levels (tongue base, oro-
pharynx and epiglottis) were not addressed in detail. Our
results might provide novel information as below: (1)
Presentation of the postoperative change of collapse pat-
tern in TCI-DISE in the whole upper airway (velopharynx,
oropharynx, tongue base and epiglottis) after unilevel pala-
topharyngoplasty; (2) Correlation of the surgical outcome
preoperatively and postoperatively with TCI-DISE; (3)
Clarification that when tongue base collapse and multi-
level obstruction are presented in TCI-DISE, they are poor
prognostic factors to unilevel palatopharyngoplasty. (4)
Absence of velar collapse in postoperative TCI-DISE cor-
relate to better surgical outcome. We believed that those
TCI-DISE results are going to help sleep surgeons to do
precision medicine when treating OSA patients.

CCC is considered a contraindication to upper airway
stimulation (UAS).*® In our study, most CCC cases were
resolved after palatopharyngoplasty; thus, more future
treatment options are available for patients originally
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omized (B) tongue base collapse patterns after surgery.
Abbreviation: AHI, Apnea-hypopnea index.

excluded because of UAS selection criteria. Among the 26
patients with preoperative CCC, 3 demonstrated total reso-
lution (3/26, 11.5%). This finding indicates that retropala-
tal obstruction could be completely ameliorated by
palatopharyngoplasty in some patients. Other factors may
also play a critical role in CCC. For example, the tongue
body may push back against the soft palate at the velo-
pharyngeal level.*® The probability of CCC is associated
with higher BMI and AHI values.*® Consistent postopera-
tive CCC could also be attributed to older age, overweight,
severe OSA with high collapsibility.*®

CCC identified in preoperative DISE is considered
a poor prognostic factor for surgical outcomes.*®*'
Because most of the patients in our study presented CCC
on DISE, the lower surgical success rate (10/34, 29.4%) in

9,10,14,28

our study is similar to that in related reports and

could be anticipated, especially considering that we per-
formed single-level surgery in patients with moderate to
severe OSA. However, whether CCC after palatopharyn-
goplasty is related to poor surgical outcomes is unclear. In
our study, the AHI success rate, AHI reduction ratio, and
increase in minimal Sa0O, in the 3 patients with postopera-
tive CCC were not significantly different from those in the
remaining patients. Additional lines of evidence are
required to clarify whether persistent CCC after palato-
pharyngoplasty is indicative of poor surgical outcomes.
Another important point is that AASM 2012 hypopnea
definition is more inclusive and residual AHI may be
higher for this reason.

Probability of tongue base collapse is associated with
higher AHI values and positional OSA.** However,
whether tongue base collapse in DISE is a poor prognostic
factor to palatopharyngoplasty remains unclear in litera-
ture review.”>*® Hsu and Jacobowitz described that in
DISE with manual injection of propofol, OSA patients
with multilevel obstruction (retropalatal and tongue base
collapse) and unilevel obstruction (only retropalatal col-
lapse) presented similar postoperative AHI values after
unilevel palatopharyngoplasty, so only palatopharyngo-
plasty may also achieve good results to multilevel obstruc-
tion with less complication.*® To clarify this issue, better
propofol injection method like TCI-DISE and postopera-
tive DISE after palatopharyngoplasty are necessary to
evaluate residual collapse in upper airway.

Our data demonstrate that both preoperative and post-
operative tongue base collapse identified in TCI-DISE
significantly affected surgical outcome. In the future,
since we found that most patients with tongue base
obstruction in TCI-DISE did not achieve good results
and tongue base obstruction remained the same in post-
operative TCI-DISE, we could be more confident to do
tongue base surgery and use TCI-DISE as a tool to decide
whether multilevel surgery is necessary. Studies of post-
operative TCI-DISE after multilevel surgery should also
be done in the future to compare the surgical outcome with
unilevel surgery.

This finding implies that if tongue base collapse is not
noted preoperatively in TCI-DISE, practitioners can more
confidently recommend single-level or single-stage proce-
dures first, such as LP or SP, even for a patient with a large
tongue, because multilevel surgery still involves a greater
risk of complications than does single-level surgery.* By
contrast, if tongue base collapse is identified in TCI-DISE
preoperatively, practitioners can also more confidently
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Table 4 Outcome According to Pre-OP and Post-OP Status at Oropharynx and Epiglottis

# of Patients | Post-OP AHI (Events/ Hours) | AHI Reduction Ratio (%) | Success

Pre-OP status (dichotomous) at oropharynx

No collapse/partial 28 240 £ 19.7 378 £31.3 8 (28.6)

Complete 6 33.0 £25.1 50.0 £22.2 2 (333)

P value 0.345 0.375 1.000
Pre-OP status at oropharynx

No collapse 23 23.1 £ 188 389 £ 320 7 (30.4)

Partial 5 282 %254 326 £31.1 I (20.0)

Complete 6 33.0 £25.1 50.0 £22.2 2 (333)

P value 0.572 0.622 1.000
Post-OP status (dichotomous) at oropharynx

No collapse/partial 32 25.0 £20.3 40.0 + 30.1 9 (28.1)

Complete 2 35.1 £325 38.3 £ 409 I (50.0)

P value 0.513 0.938 0.508
Post-OP status at oropharynx

No collapse 27 227 £ 192 41.7 £ 31.0 9(333)

Partial 5 37.7 £235 312 £257 0 (0.0

Complete 2 35.1 £325 38.3 £ 409 I (50.0)

P value 0.267 0.783 0.347
Pre-OP status (dichotomous) at epiglottis

No collapse/partial 32 246 + 194 41.0 + 30.1 10 (31.3)

Complete 2 41.6 +423 220 £ 31.1 0 (0.0

P value 0.265 0.392 1.000
Pre-OP status at epiglottis

No collapse 30 24.6 £ 20.0 42.3 + 30.7 10 (33.3)

Partial 2 25.1 £ 104 218 £40 0 (0.0

Complete 2 41.6 + 423 220 £ 31.1 0 (0.0

P value 0.542 0.456 1.000
Post-OP status (dichotomous) at epiglottis

No collapse/partial 31 262 +21.3 39.9 £ 305 9 (29.0)

Complete 3 19.7 £ 13.6 40.1 £29.3 I (33.3)

P value 0.612 0.993 1.000
Post-OP status at epiglottis

No collapse 29 249 £ 202 41.8 +30.5 9 31.0)

Partial 2 44.6 £ 38.0 123 £ 175 0 (0.0

Complete 3 19.7 £ 13.6 40.1 £293 I (333)

P value 0.385 0418 1.000

Note: Data were presented as frequency (percentage) or mean * standard deviation.

Abbreviations: OP, operation; AHI, Apnea—hypopnea index.

recommend tongue base procedures to the relevant
patients. Another important interpretation is that residual
AP velar collapse is also a problem. Tongue base collapse
may be a sign of greater collapsibility still and the palato-
pharyngeal musculature may also need to be stabilized
with a revision procedure. In our study, persistent com-
plete collapse at the level of the velum after palatophar-
yngoplasty potentially contributes to higher residual AHI

as well. Hence, for patients with complete tongue base
collapse in TCI-DISE after palatopharyngoplasty, hypo-
pharyngeal surgery or revision palatopharyngoplasty is
reasonable.

Because we performed only palatopharyngoplasty in
the patients, we expected the tongue base obstruction
pattern in TCI-DISE to be the same after surgery.
However, 8 patients (8/34, 23.5%) presented exacerbated
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TCI-DISE.
Nevertheless, the follow-up AHI and surgical success

tongue base collapse in postoperative
rate in these 8 patients were not significantly different
from those of the remaining patients. A possible explana-
tion for this unexpected finding is that the amelioration of
upper- level obstruction facilitated the observation of
lower level obstruction. Because postoperative tongue
base obstruction in TCI-DISE was significantly associated
with relatively poor surgical outcomes in this study, fol-
low-up TCI-DISE is recommended in patients after upper
airway surgery, especially in those with poor outcomes.

In our study cohort, most patients (76.5%) presented
CCC, a considerably higher proportion than those pre-
sented in other reports®™** (23% to 49%). Possible expla-
nations for an abnormally high percentage of patients with
CCC as compared to other previous studies include: (1)
patients with CCC may have higher collapsibility of upper
airway and they may be more intolerant to CPAP, so they
are more willing to undergo alternative therapy, such as
surgery; (2) the patients tend to have worse outcome or
residual sleep apnea after palatopharyngoplasty, so they
may have more motivation to cooperate with doctors and
have post-op sleep endoscopy to seek further treatment
options. Further studies with larger cohort may be needed
to prove these hypotheses.

The low total resolution rate for retropalatal collapse
after palatopharyngeal surgery may be attributed to the
complexity of the pathophysiology of CCC because the
collapse may not originate from the velopharyngeal struc-
ture itself. The tongue body may push the palate backward
to produce retropalatal APC;*® therefore, it may also pro-
duce CCC when the lateral velopharyngeal wall collapses.
Although palatopharyngoplasty attenuated lateral pharyn-
geal wall collapse in our study, the remaining tongue body
collapse produced APC in most patients. This hypothesis
was supported by positional changes observed in our post-
operative DISE. The velopharyngeal collapse in most of
the patients was completely resolved when the patients’
heads were placed in a lateral position because their ton-
gue body no longer pushed the palate back (data not
shown).

Limitations

This study has some limitations. First, DISE may not
demonstrate upper airway obstruction during rapid-eye-
movement sleep,* and the degree of upper airway narrow-
ing could be aggravated by the depth of sedation and
length of the procedure.*® Second, the applied DISE

scoring system is subjective, and some concerns remain
regarding its interobserver reliability.*’ Third, propofol is
associated with a higher incidence of tongue base collapse
when compared with dexmedetomidine.*® Therefore, we
used the TCI technique because it enables more stable
sleep and the observation of more multilevel obstruction
when compared with the conventional bolus technique.?’
Furthermore, DISE provides only an intraluminal view. If
the skeletal framework is not demonstrated, identifying the
real cause of upper airway obstruction is challenging. In
addition, without an intraoral view, tongue palate interac-
tion is difficult to determine.*” Finally, most of our study
cohort had severe velar collapse characterized by CCC
pattern and most of them had residual AP collapse post-
operatively. Therefore, it is possible that further treatment
of the velar level may be needed by using revision pala-
topharyngoplasty or transpalatal advancement surgery.

In addition to the limitations associated with DISE,
another limitation is that only AHI and SaO2 were reported
as surgical outcomes. The oxygen desaturation index (ODI),
percentage of total sleep time spent with SaO2 < 90% (T90),
Epworth Sleepiness Scale (ESS) and blood indicators were
not available for all patients. Indicators related to central
obesity, such as neck circumference and waist-to-hip ratio,
were not available for all participants either in the research.
Considering these limitations, additional studies with larger
samples and more comprehensive data must be conducted
on changes in DISE patterns after single or multilevel surgi-
cal procedures.

Conclusion

Palatopharyngoplasty could change the collapse pattern at
the velum in most patients with moderate to severe OSA.
Preoperative and postoperative complete tongue base col-
lapse and postoperative velar collapse identified in TCI-
DISE were associated with relatively poor outcomes.
Tongue base procedures or revision palatopharyngoplasty
should be considered in patients with such findings.
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