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Abstract The purpose of this study was to investigate the
relationship between various polysomnographic variables
and the success of modified tongue base suspension com-
bined with uvulopharyngopalatoplasty in patients with
severe obstructive sleep apnea (OSA). A total of 90
patients who had apnea hypopnea index (AHI) >30 and
had both oropharyngeal and hypopharyngeal obstruction
were included in this prospective case series with planned
data collection. All patients were assessed preoperatively
and at the sixth postoperative month by polysomnography.
The surgery was considered to be successful when a
>50 % reduction in the mean AHI to a final AHI of <20/h
was obtained. Multiple logistic regression analyses were
performed to determine the impact of variables on the
surgical success. A total of 67 patients (74.4 %) met the
surgical success criteria. The univariate analysis revealed a
relationship between success and AHI (P = 0.001),
obstructive apnea duration (P = 0.001), sleep time with
oxygen saturation below 90 % (STyg) (P = 0.004), mini-
mum O, saturation (P = 0.0001), mean O, saturation
(P =0.011), mean O, desaturation (P = 0.0001), and
oxygen desaturation index (P = 0.001). However, STgq
[OR (95 % CI) = 1.40 (1.04-1.89), P = 0.023] was the
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only independent parameter predicting the surgical success
in multivariate analysis. The ROC analysis revealed that
the STy value of <36 min was the best cutoff value with
96.97 % sensitivity (CI 89.5-99.6), 95.83 % specificity (CI
78.9-99.9), 98.5 % PPV (CI191.6-100.0), and 92.0 % NPV
(CI 74.0-99.0). The stratification of patients with severe
OSA according to the STyy may allow better identification
of patients in whom surgical success is probable.
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Introduction

Obstructive sleep apnea (OSA) is a global health problem
that affects up to 20 % of adults [1]. It is a chronic disease
which does not resolve spontaneously, and is rarely com-
pletely cured. Continuous positive airway pressure (CPAP)
is the gold standard treatment of moderate to severe OSA
[2]. Unfortunately, compliance rates are poor with esti-
mates that between 40 and 60 % of patients use CPAP as
prescribed, many reject therapy within the first few months
[3]. Surgery may be indicated to improve compliance and
outcome in cases where CPAP is poorly tolerated [4].

Although anatomic disorders are eliminated by surgery,
this disease cannot be eliminated fully in a significant
percentage of patients, from which arises the question of
whether surgical treatment is overused. If the cases in
which surgical success is not probable can be accurately
estimated beforehand, then unnecessary surgeries and
complications can be avoided. In the current study, we
aimed to determine factors predicting the success of multi-
level surgery including modified tongue base suspension
(mTBS) combined with uvulopharyngopalatoplasty
(UPPP) in patients with severe OSA.
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Materials and methods
Study design and patients

From November 2011 to February 2014, a total of 90
patients with severe OSA who underwent mTBS combined
with UPPP were included in this prospective case series
with planned data collection following Institutional Ethics
Committee approval. Written informed consent was
obtained from all patients. This study was not registered in
any trial database.

Prior to study, all of the patients were initially offered
CPAP therapy, and were informed about CPAP usage.
Patients who cannot tolerate or do not want to use CPAP
were offered surgery. Inclusion criteria were (1) severe
OSA (apnea hypopnea index (AHI) >30), (2) patients who
rejected CPAP, (3) no evidence of nasal obstruction, and
(4) existence of both oropharyngeal and hypopharyngeal
obstruction. Patients were excluded if they had simple
snoring, mild to moderate OSA, central sleep apnea syn-
drome, history of OSA surgery, body mass index (BMI)
>40 kg/mz, age >70 years, serious cardiovascular disease,
neuropathy or active neurological disease, medications
known to affect peripheral nerves, and diabetes mellitus.

Procedures

Physical head and neck examinations were performed on
all patients. The nasal passage opening and the location of
the soft palate in relation to the tongue base were assessed.
The width and mass of the tongue base, and its distance to
the epiglottis was subjectively evaluated with flexible
fiberoptic nasopharyngoscopy. Polysomnography (PSG)
was applied (Compumedics E Series Profusion) to all
patients and was scored manually based on the American
Academy of Sleep Medicine 2007 criteria [5]. Apnea was
defined as cessation of airflow for at least 10 s with con-
tinued effort (obstructive) or lack of effort (central) to
breathe. Hypopnea was defined as with a >50 % decrease
in a valid measure of airflow without a requirement for
associated oxygen desaturation or arousal, and with a lesser
airflow reduction in association with oxygen desaturation of
>3 % or an arousal for at least 10 s. AHI was defined as
the number of apnea and hypopnea occurrences per hour.
An AHI score between 5 and 15 was considered as mild
OSA; 15-30 as moderate OSA; and >30 as severe OSA.
The operating procedures for the mTBS were carried out
as we reported in detail in our earlier report [6]. This
procedure is a modification of the Repose System which
was described by DeRowe et al. [7] without the use of a
screw. UPPP was performed using the modified technique
described by Shin et al. [8]. Both procedures were per-
formed during the same session by the same surgeon.
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Patients were informed that they may or may not benefit
from this surgery. Even if the surgery may not keep them
away from CPAP use completely, it may still be useful in
reducing the need for CPAP therapy.

Patients were subjected to a control PSG at the sixth
month of postoperative period. Both measurements were
carried out in the same laboratory and under the same
circumstances. In this study, the surgery was considered to
be successful when a >50 % reduction in the mean AHI to
a final AHI of <20/h was obtained [9].

Statistical analysis

The primary endpoint was the determination of factors
predicting the success of mTBS combined with UPPP. We
expressed data as median and range for continuous vari-
ables. We reported binary variables as counts and per-
centages. First, simple logistic regression analyses were
performed. Variables with a P value <0.05 were included
in the multiple logistic regression analysis. The influence of
each factor on surgical success was examined using the
Wald test. Results were expressed as Odd’s ratio (OR) and
95 % confidential interval (95 % CI). All P values were
two-sided with the level of significance set at <0.05. To
calculate the cutoff value in predicting surgical success by
the independent factor, a receiver operating characteristic
(ROC) analysis was calculated using the dichotomous
surgical success findings (“Success” and “Failure”). Using
the ROC curve, the responsiveness is described in terms of
sensitivity and specificity. Values for sensitivity and for
false-positive rates (1-specificity) are plotted on the y- and
the x-axis of the curve and the area under the curve (AUC)
represents the probability that a measure correctly classifies
surgery as successful or unsuccessful. In presenting the
results, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were all
reported. For the ROC curve, the point with the largest sum
of sensitivity and specificity was chosen as a threshold.
During the comparison of quantitative data, the Wilcoxon
Signed Ranks Test was used. All statistical analyses were
performed by a professional biostatistician using PASW 18
(SPSS/IBM, Chicago, IL, USA) software.

Results

The median age at surgery was 48 (31-66) years, and most
patients were male (91.1 %). The median BMI was 30.7
(24.7-38.6) kg/mz. A total of 67 patients (74.4 %) met the
surgical success criteria. Table 1 presents the characteris-
tics of the patients. The median AHI, supine AHI, AHI
REM, AHI NREM, arousal index (ARI), and oxygen
desaturation index (ODI) were 44.8, 63.9, 46.4, 47, 42.7,
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Table 1 Characteristics of patients

Variables

Values

Age, median (range), years

BMI, median (range), kg/m2

Gender, N (%)
Male

Female

AHI, median (range), events/h

Supine AHI, median (range), events/h
AHI REM, median (range), events/h

AHI NREM, median (range), events/h

ARI, median (range), events/h

OAD, median (range), s

STgp, median (range), min

CTgg, median (range), %

Oxymetric values, median (range), %

Min O, sat
Mean O, sat
Mean O, desat

ODI, median (range), events/h

Surgical success, N (%)

48 (31-66)
30.7 (24.7-38.6)

82 (91.1)

8 (8.9)

44.8 (30.4-111.8)
63.9 (21.5-113.9)
46.4 (0.0-96.8)
47.0 (6.8-112.4)
42.7 (11.8-98.7)
25.6 (15.8-47.0)
21.5 (0.0-289.0)
5.6 (0.0-63.5)

77.5 (41-90)
95.0 (80.0-98.0)
7.0 (3.0-20.0)
41.0 (11.0-98.0)
67 (74.4)

BMI body mass index, AHI apnea hypopnea index, REM rapid eye
movement, NREM non-rapid eye movement, AR/ arousal index, OAD
obstructive apnea duration, STy, sleep time with oxygen saturation
below 90 %, CTy, percentage of cumulative time with oxygen satu-
ration below 90 %, Min O, sat minimum O, saturation, Mean O, sat
mean O, saturation, Mean O, desat mean O, desaturation, ODI
oxygen desaturation index

Table 2 Comparison of preoperative and postoperative polysom-
nography results

Preop Postop P
AHI, events/h 51.81 + 18.84 20.46 £ 17.73 <0.001
Min O, sat, % 75.63 £ 9.30 82.38 £ 6.57 <0.001
Mean O, sat, % 94.33 + 2.60 95.20 &+ 4.41 <0.001
Mean O, desat, % 8.38 + 3.95 6.36 £+ 3.80 <0.001
ODI, events/h 47.97 + 19.49 18.24 £+ 15.50 <0.001
CTgy, % 10.86 &+ 9.40 3.86 £ 091 <0.001
STgp, min 44.30 + 32.30 21.30 £ 4.10 <0.001

AHI apnea hypopnea index, Min O, sat minimum O, saturation, Mean
0, sat mean O, saturation, Mean O, desat mean O, desaturation, ODI
oxygen desaturation index, CTy, percentage of cumulative time with
oxygen saturation below 90 %, STy, sleep time with oxygen satura-
tion below 90 %, Preop preoperatively, Postop postoperatively

and 41 events/h, respectively. The median oxymetric val-
ues of patients were as follows: minimum O, saturation,
77.5 %; mean O, saturation, 95 %; mean O, desaturation,
7 %; obstructive apnea duration (OAD), 25.6 s; sleep time
with oxygen saturation below 90 % (STg), 21.5 min; and

percentage of cumulative time with oxygen saturation
below 90 % (CTq), 5.6 %.

Table 2 compares the preoperative and postoperative
PSG results. Postoperatively, mean AHI (51.81 £+ 18.84
vs. 20.46 + 17.73), mean O, desaturation (8.38 £ 3.95 vs.
6.36 + 3.80), ODI (47.97 £ 19.49 vs. 18.24 £ 15.50),
CToo (10.86 £9.40 vs. 3.86 £091) and STy
(44.30 + 32.30 vs. 21.30 £+ 4.10) were decreased, and
minimum O, saturation (75.63 £ 9.30 vs. 82.38 £ 6.57)
and mean O, saturation (94.33 £ 2.60 vs. 95.20 £+ 4.41)
were increased significantly (p < 0.001 for all parameters).
Patients were stratified according to their surgical outcome
(success vs. failure), and the main preoperative and post-
operative PSG parameters were compared again (Table 3).
In patients with surgical success, there were statistically
significant differences in all parameters (p < 0.001);
whereas in patients with failure, no statistically significant
differences were observed.

We performed a logistic regression analysis to determine
if those variables have an impact on the success of mTBS
combined with UPPP. Table 4 presents unadjusted and
adjusted ORs for surgical failure. The univariate analysis
revealed a relationship between surgical success and AHI
(P = 0.001), OAD (P = 0.001), STgp (P = 0.004), mini-
mum O, saturation (P = 0.0001), mean O, saturation
(P = 0.011), mean O, desaturation (P = 0.0001), and ODI
(P = 0.001). However, STog [OR (95 % CI) = 1.40
(1.04-1.89), P = 0.023] was the only independent param-
eter predicting the surgical success in multivariate analysis.

A ROC analysis was performed to determine the STgq
value that would be the most significant in predicting
surgical success (Fig. 1). The AUC was determined to be
0.971 £ 0.027 (CI: 0.912-0.995; P = 0.0001). The cutoff
value was found to be 36 min, with 96.97 % sensitivity (CI
89.5-99.6), 95.83 % specificity (CI 78.9-99.9), 98.5 %
PPV (CI 91.6-100.0), and 92.0 % NPV (CI 74.0-99.0).
Patients were stratified according to the cutoff value of
STy (Table 5). Patients with a STy, value of <36 min had
a surgical success rate of 100 %, compared with 8 % in
those with a value of >36 min.

Discussion

The current study investigates the relationship between
various polysomnographic variables and the surgical suc-
cess of multi-level surgery including mTBS combined with
UPPP in patients with severe OSA. The study provides
evidence that the STy is a unique independent predictor of
surgical success with a high sensitivity and high NPV, and
can be used by clinicians to allow better selection of
patients to achieve maximal outcomes.
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Table 3 Comparison of polysomnography results preoperatively and postoperatively in terms of surgical success

Success (N = 67)

Failure (N = 23)

Preop Postop P Preop Postop P
Min O, sat, % 76.15 + 8.20 84.35 + 4.50 <0.001 71.09 + 8.47 76.27 + 8.16 0.05
Mean O, sat, % 94.15 + 1.70 95.74 £ 1.76 <0.001 93.36 + 2.30 9491 + 1.87 0.65
Mean O, desat, % 8.26 £ 2.78 4.80 + 1.30 <0.001 11.45 + 4.10 1091 £+ 5.16 0.59
ODI, events/h 47.53 + 19.63 9.26 £ 5.21 <0.001 49.55 £ 17.18 46.00 £ 17.19 0.33
CToo, % 10.65 % 9.60 0.10 £ 0.06 <0.001 25.34 £ 18.11 1551 £ 13.08 0.10
STy, min 38.50 & 33.60 5.80 & 3.50 <0.001 96.40 £ 77.30 69.10 & 62.40 0.33

Min O, sat minimum O, saturation, Mean O, sat mean O, saturation, Mean O, desat mean O, desaturation, ODI oxygen desaturation index, CTgy
percentage of cumulative time with oxygen saturation below 90 %, STy, sleep time with oxygen saturation below 90 %, Preop preoperatively,

Postop postoperatively

Table 4 Univariate and multivariate logistic regression analysis of
factors predicting the surgical success

Variables Unadjusted Adjusted
OR 95%ClI P OR 95 % CI P
Age, years 097 091-1.02 0271 - - -
BMI, kg/m®>  1.00 0.85-1.18 0946 - - -
AHIL events/h 1.04 1.01-1.07 0.001 1.07 0.81-1.42 0.632
OAD, s 1.13 1.05-1.21 0.001 1.00 0.84-1.18 0.989
STyp, min 1.18 1.05-1.32 0.004 1.40 1.04-1.89 0.023
Min O, sat, 0.85 0.79-0.91 0.0001 2.03 0.94-4.40 0.070
%
Mean O, sat, 0.68 0.51-0.91 0.011 145 0.33-641 0.618
%
Mean O, 1.77 1.38-2.28 0.0001 4.67 0.84-25.64 0.077
desat, %
ODI, events/h 1.04 1.01-1.07 0.001 0.73 0.50-1.06  0.102

P value <0.05 are bold

OR odds ratio, 95 % CI 95 % confidential interval, BMI body mass
index, AHI apnea hypopnea index, OAD obstructive apnea duration,
STy sleep time with oxygen saturation below 90 %, Min O, sat min-
imum O, saturation, Mean O, sat mean O, saturation, Mean O, desat
mean O, desaturation, ODI oxygen desaturation index. ORs and 95 %
ClIs are indicating the failure odds

Several studies have assessed the procedural outcomes
and predictors of success in OSA surgery [9-16]. How-
ever, the surgical approaches evaluated in these studies
vary greatly. UPPP is still the most commonly performed
procedure for the surgical treatment of OSA [4]. The
overall success rate from mild to severe OSA is reported
to be approximately 40 % [9]. Several factors including
tongue position, tonsil size, BMI, site of pharyngeal
narrowing and severity of the disease have been shown
related to the surgical success or failure [10-12].
Recently, Zhang et al. [13] reported the results of con-
secutive 119 patients who underwent velopharyngeal
surgery including revised UPPP with transpalatal
advancement pharyngoplasty. In this study, the overall
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Fig. 1 ROC curve for sleep time with oxygen saturation below 90 %
(STo0)

Table 5 Surgical outcomes according to the cutoff value of STgq

STgO Total
<36 min >36 min
Number of patients (V) 65 25 90
Success (N) 65 2 67
Failure (N) - 23 23
Success rate (%) 100 8 74.4

STy sleep time with oxygen saturation below 90 %, Min minute

success rate was 62.2 %, and three factors including tonsil
size, CTgg, and the vertical distance between the lower
edge of the mandible and the lower edge of the hyoid
were found to be predictive in outcomes.
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The tongue base obstruction in OSA is generally
underestimated. It is well known that hypopharyngeal
obstruction especially in the tongue base leads to a more
severe respiratory distress than soft palate obstruction, and
the chance of tongue base obstruction is higher in severe
forms of OSA [17]. Pang et al. [18] demonstrated that
while 65 % of the severe OSA patients display more than
50 % tongue base obstruction, the same pathology was
observed only in 6.9 % of mild OSA sufferers. In most
patients where UPPP has failed to achieve a favorable
outcome, it may be due to the fact that identifying the
contribution of the tongue base to the upper airway
obstruction has been missed [4]. In a recent meta-analysis
including 1978 patients with multi-level surgery involving
at least two involved anatomic sites, nose, oropharynx and
hypopharynx, Lin et al. [14] reported a success rate of
66.4 %. Thomas et al. first presented the preliminary data
from a prospective, randomized trial comparing two tongue
base surgeries (TBS vs. tongue base advancement) com-
bined with UPPP for patients with moderate to severe
OSA. They reported a slight advantage of TBS over tongue
base advancement in terms of surgical success (57 vs.
50 %) [15]. In this study, TBS was performed with a
minimally invasive technique called Repose system. Later,
Vicente et al. [16] aimed to evaluate the usefulness of TBS
with the Repose system in addition to UPPP in the treat-
ment of 55 patients with severe OSA, and reported a sur-
gical success of up to 78 %. They also noted that BMI at
baseline was the only variable with significant statistical
power to predict surgical success (OR 0.85; 0.73-0.95,
95 % CI, P < 0.01). Our success rate is comparable to the
result of this report, although there are some differences
between the two types of TBS technique used. However, in
our study, the logistic regression analysis revealed no
evidence of an association between BMI and surgical
success.

The pathogenesis of OSA is still fully not known. OSA
can be encountered in patients with a normal upper airway
anatomy but may not be observed in patients with a narrow
upper airway [19]. Reestablishing airway patency in OSA
is achieved due to arousal. The mucosal sensory receptor
impairment in the upper airway might cause a delayed end-
apneic arousal and extension of the apnea duration [20].
The anatomic factors alone were demonstrated to be
responsible for 1/3 of all cases, with the remainder being
related to neural factors [20, 21]. The longer the apnea
duration, the deeper the hypoxia becomes. The STq, and its
percentage to the total sleep time (CTgg) are two objective
parameters that can be obtained from PSG, and they
directly reflect hypoxia. In this study, we demonstrated that
the STy (<36 min) rather than other polysomnographic
parameters is independently related to the success of sur-
gery with 96.97 % sensitivity and 92.0 % NPV. As the

STy value exceeds 36 min, the sensitivity is reduced, and
the specificity is increased. Consequently, the chances of
benefiting from the surgery decrease. We observed a suc-
cess rate of 100 % in patients with STy <36 min, whereas
this rate was only 8 % in patients with STq, greater than
36 min.

This is the first study examining the predictors of sur-
gical success in a large series of patients with severe OSA
who underwent mTBS combined with UPPP. Potential
limitations of our study include the lack of analysis of the
anatomical measurements, and subjective evaluation of
tongue base and hypopharynx in selection of the patients
for this treatment. However, the preoperative precise
evaluation of the upper airway anatomy mostly requires
imaging studies including magnetic resonance imaging
and/or computerized tomography with 3D technology, and
it will not be cost-effective to adopt these expensive
technologies as a regular part of current practice. So, we
suggest that more attention should be paid to the STy as an
easily available parameter that can be routinely obtained
from PSG to predict the treatment outcome.

Conclusion

In conclusion, based on our results, the stratification of
patients with severe OSA according to the STy may allow
better identification of patients in whom surgical success is
probable. Future trials are needed to confirm these findings.
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