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Objective: To determine the presence of lower urinary tract symptoms (LUTS), and overactive bladder (OAB) symptoms in men with
obstructive sleep apnea/hypopnea syndrome (OSA) and the effects of transoral robotic surgery (TORS) for the treatment of OSA on
these conditions.
Materials and Methods: One hundred twenty-three patients with a diagnosis of OSA were prospectively enrolled. The evaluations
of LUTS and OAB symptoms were based on self-administered questionnaires containing international prostate symptom score (IPSS)
and OAB symptom score (OABSS), respectively. Men with an OABSS urgency score of ≥2 and sum score of ≥3 were considered to
have OAB. The therapeutic outcomes were assessed at baseline, and 12 weeks after TORS-OSA Surgery.
Results: There were significant differences in IPSS, and OABSS according to OSA severity. After TORS-OSA surgery, significant
improvements on OSA severity, daytime quality of life (QoL) and nighttime sleep quality were observed. TORS-OSA surgery was
also associated with a statistically significant improvement of LUTS, LUTS QoL score, and OAB symptoms (IPSS 22.1% decrease;
IPSS QoL score 21.1% decrease; OABSS17.4% decrease) at post-operative 3 months’ follow-up. The presence of OAB, and severe
nocturia was significantly reduced from 22.8% to 11.4% (p=0.001), 5.7% to 0.8% (p=0.031) after TORS-OSA surgery. There were no
patients who had acute airway compromise or massive bleeding peri- or post-operatively.
Conclusion: TORS upper airway surgery could improve LUTS and OAB symptoms on male patients with OSA in addition to
improvement of major parameters of sleep study and sleep-related QoL.
Keywords: snoring, obstructive sleep apnea, lower urinary tract symptoms, overactive bladder symptoms, OSA surgery, transoral
robotic surgery

Introduction
Obstructive sleep apnea/hypopnea syndrome (OSA) is a common disease. It affects approximately 4% to 5% of all
middle-aged men.1 Untreated OSA is strongly associated with an increase of hypertension, coronary artery disease,
myocardial infarction, stroke and even sudden death.2–7

Previous studies have shown a relationship between OSA and nocturia and polyuria, which are related to lower urinary
tract symptoms (LUTS).8,9 Nocturia has a negative effect on sleep and is associated with a decrease in the general state of
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health, and chronic medical illnesses including obesity, hypertension, diabetes, stroke, coronary artery disease, congestive
heart failure.10 The mechanism resulting in increased nocturia and nocturnal polyuria in patients with OSA has been attributed
to elevated nocturnal atrial natriuretic peptide (ANP) excretion in subjects with elevated disease severity, esp. in OSA patients
with apnea/hypopnea index (AHI, /hr.) greater than 15.9 It has also been suggested that the generation of negative pressure in
the chest, caused by partial or full obstruction of the airway and sustained ventilatory efforts, will induce a signal of volume
overload received by the heart and further increase urine output and nocturia in OSA patients. Improvements of nocturia in
OSA patients have been described with nasal continuous positive airway pressure (CPAP) therapy.10

Overactive bladder (OAB) syndrome, defined as urgency, with or without incontinence, usually with urinary
frequency and nocturia,11 is a subset of storage LUTS, and has been estimated with the prevalence of 10% to 20% in
men12 and has a negative impact on quality of life (QoL). Treatment of male LUTS and OAB includes behavior therapy,
pharmacotherapy and surgery targeting at the prostate or bladder.13 OAB and male LUTS have also been linked to
autonomic dysfunction.14 Furthermore, our team reported that OSA induces nocturnal hypoxia and alters white matter
integrity, and this impairment might play some role in autonomic dysfunction and sympathetic activation.15 Lombardi
et al suggested a dose response relationship between OSA severity and the degree of sympathetic overactivity and this
association seems to be reversible as the treatment of OSA is implemented.16 Previous studies have also demonstrated
a positive association of OSAwith OAB as well as a correlation between the severity of OSA and OAB in both men and
women.17 This implies that the two conditions may be linked by a common pathophysiological mechanism.

Various treatment options are available for OSA, depending on an individual’s medical history, and the specific cause
of the obstruction and the severity of the disorder. Clinically, CPAP or oral appliance is the primary conservative
treatment for patients with OSA. In fact, many individuals with OSAwho could not tolerate or were not willing to accept
these conservative treatment modalities for a long-term therapy will consider an alternative, including OSA surgery.
Literature has demonstrated the clinical benefits and value of upper airway surgery for patients with OSA.18–22

The tongue base/hypopharyngeal obstruction is one of the major causes of OSA, of which obstructive condition(s) are
usually challenging for the majority of sleep surgeons and could be more suitably relieved by transoral robotic surgery
(TORS).23 TORS is a relatively new and innovative technique for OSA patients. TORS-assisted OSA surgery has
demonstrated as a valid option with clinical evidence-based benefits by significantly decreasing the postoperative AHI
(/hr.) with minor morbidities for selected OSA patients.24–26

Previous literature on OSA surgical treatment studies commonly reported the changes of polysomnographic para-
meters and snoring severity but did not report the treatment endpoint on health quality of lower urinary tract system. In
the present study, we firstly evaluated the effect of TORS-assisted OSA surgery on LUTS and OAB symptoms in male
OSA patients, as well as further analyzed the relations between severity of OSA and the improvement of LUTS and OAB
after TORS-assisted OSA surgery.

Materials and Methods
This open label, prospective study was conducted between June, 2018 and September, 2020 at the Sleep Center and
Department of Otolaryngology of the Kaohsiung Chang Gung Memorial Hospital (KCGMH). The study hospital,
KCGMH, is a medical center and a main tertiary referral hospital that serves an area with the population of 3 million
in southern Taiwan.

The study was approved by the Institutional Review Board of the Chang Gung Memorial Hospital (CGMH IRB #:
201800922B0 and 201800922B0C501), and was performed according to the ethical principles of Good Clinical Practice
guidelines and the principles outlined in the Declaration of Helsinki. Informed consent was obtained from the patients
before any study procedures were performed.

Study Population
This study did not include female patients. Male patients with OSA, who aged 20 years or above and had failed
conventional OSA treatments, were enrolled. OSA was diagnosed with a full-night sleep study, polysomnography
(PSG), in the sleep laboratory of Sleep Center at the KCGMH. The comprehensive PSG examination, including
electroencephalography, electrooculography, chin and anterior tibial electromyography, respiratory effort detectors,
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nasal/oral flow sensors, and pulse oximetry, was performed using a standardized commercial device (Sandman SD32
+TM Digital Amplifier Embla, Colorado, USA). The AHI was calculated by using the total number of apnea and
hypopnea episodes per hour of sleep. Patients were divided according to their OSA severity as normal (AHI<5), mild
(AHI 5–14.9), moderate (AHI 15.0–29.9), and severe OSA (AHI≥30) groups.27 Additionally, all PSGs were scored and
read by a boarded physician who was unaware of the study and, therefore, blinded to the patients’ participation in the
study.

Patients with the following conditions were excluded: female patients, age < 20 or > 65 years old, moderate to severe
heart failure (New York Heart Association class III and IV), severe central or peripheral neurological disorders, previous
history of upper airway surgical treatment for OSA, currently undergoing conservative OSA treatments, such as oral
appliance or CPAP, BMI > 35 kg/m2, contra-indications for OSA surgery under general anesthesia, shift worker and/or
chronic use of sleep pills. Additional exclusion criteria in this study included: patients that were previously diagnosed
and treated with benign prostate hyperplasia and OAB; patients with neurogenic urinary bladder, urinary tract infection,
and lower urinary track cancer; patients using diuretic medication, desmopressin, a1-blocker, 5a-reductase inhibitor,
anticholinergic, and phosphodiesterase type 5 inhibitor and patients with a history of urogenital operation.

Surgical Procedures of TORS-Assisted OSA Surgery
All procedures were performed by the corresponding author (H-C Lin) under general anesthesia. The techniques used
were determined at the discretion of the treating sleep surgeon according to the findings on the severity of OSA disease
with PSG and the condition of upper airway abnormality with the flexible fibroscopic examination and Propofol-induced
sleep endoscopy. The surgical techniques are as our previous literature.19–21,23,28

Assessment for LUTS and OAB
The evaluation of LUTS and OAB was based on a validated self-administered questionnaire containing International
Prostate Symptom Score (IPSS) and OAB symptom score (OABSS), respectively.29–33

The IPSS contains seven questions (score 0–5; a maximum total score of 35 points) concerning lower urinary
symptoms related to benign prostatic hyperplasia, and one question (IPSS-8) related to the patient’s perceived quality of
life (QoL) (score 0–6, indicating increasing severity of symptoms and low QoL). The patient experienced more severe
symptoms will have higher score. Overactive Bladder Symptom Score (OABSS, score 0–15; mild OAB, 3–5; moderate
OAB, 6–11; severe OAB, 12–15), which was based on a self-administered questionnaire relating to four areas: daytime
frequency (Q1, 0–2), nighttime frequency/nocturia (Q2, 0–3), urgency (Q3, 0–5), and urgency incontinence (Q4, 0–5).31

In the present study, the patients with an OAB urgency score of ≥2 and sum score of ≥3 were considered to have OAB
according to the severity classification proposed by Homma et al in 2006.31 All of results were evaluated at baseline and
at least 3 months after the TORS-OSA surgery.

Outcome Measures
The follow-up schema included clinical examinations, full-night sleep study (PSG), and the questionnaire-based re-
evaluation of OSA-related symptoms (Epworth Sleepiness Scale34 (ESS)) and Functional Outcomes of Sleep
Questionnaire35 (FOSQ), LUTS, and OAB before and at least 12 weeks following TORS-assisted OSA Surgery.

Safety measurements were composed of adverse events (AEs), such as: postoperative acute airway compromise,
wound bleeding, etc., and any other possible TORS-related AEs that occurred after surgery.

Statistical Analysis
The Kolmogorov-Smirnov test was used to confirm normal distribution. Quantitative variables were expressed with mean
and standard deviation. While Wilcoxon signed-rank test was used to compare the changes of before and after TORS-
OSA Surgery. McNemar test was used on paired nominal data. A p-value of less than 0.05 was considered statistically
significant. All statistical analyses were performed using SPSS software (version 22.0, Chicago, IL, USA).
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Results
Patient Disposition
A total of 123 male patients with mean age of 42.8 ± 9.5 years and mean AHI of 42.2 ± 22.0 /hr. were enrolled. There
were 6 patients with mild OSA, 41 patients with moderate OSA and 76 patients with severe OSA were included in the
study. Effects of TORS-OSA surgery on daytime sleepiness, major polysomnographic parameters are presented in
Table 1. Changes of Functional Comorbidity Index, FOSQ, International Prostate Symptom Score (IPSS) and
Overactive Bladder Symptom Score (OABSS) scores are shown in Tables 2and 3.

Because there will be significantly increasing clinical and cardiovascular comorbidities along with the increase of
OSA disease severity, we further divided our patients into mild/moderate and severe OSA groups for comparing the
treatment outcomes (Tables 4–7).

After TORS-OSA surgery, significant changes and improvements on OABSS and IPSS were observed. TORS-OSA
surgery was associated with a statistically significant improvement of LUTS, LUTS QoL score, and OAB symptoms (IPSS
22.1% decrease; IPSS QoL score 21.1% decrease; OABSS 17.4% decrease) at 3-month follow-up. The presence of OAB
(OABSS-3 more than 2 and OABSS-total more than 3), and severe nocturia (OABSS-2 more than 3) was significantly
reduced from 22.8% (28/123) to 11.4% (14/123) (p=0.001, by McNemar test), 5.7% (7/123) to 0.8% (1/123) (p=0.031, by
McNemar test) after TORS-OSA surgery at 12-week follow-up. After TORS-OSA surgery, changes of presence of OAB in
mild/moderate OSA patients and severe OSA patients were 25.5% (12/47) to 19.1% (9/47) (p=0.25, byMcNemar test) and
21.1% (16/76) to 6.6% (5/76) (p=0.003, byMcNemar test), respectively. Among the OAB subscore, nocturia subscore and
urgency subscore were significantly reduced after TORS-OSA surgery, however, the frequency subscore and urgency
incontinence subscore had no significant difference.

Table 1 Changes of Subjective Estimates of Daytime Symptoms and Major Polysomnographic Parameters in Men with OSA Before
and After TORS-OSA Surgery (N = 123; Mean Age = 42.8±9.5 Yrs.)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

ESS 8.61±4.44 6.87±3.81 −1.74±4.39 0.0001*

Sleep efficiency (%) 91.52±68.38 86.68±11.85 −4.83±68.91 0.2815

AHI (/hr.) 42.14±22.03 25.93±21.42 −16.20±22.97 <0.0001*
Mean O2 saturation (%) 94.20±2.65 94.66±6.93 0.46±7.14 <0.0001*

LSAT (%) 75.08±11.82 84.04±7.78 7.96±10.82 <0.0001*

O2 desaturation index (/hr.) 31.36±23.54 16.75±19.12 −14.62±20.13 <0.0001*

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; ESS, Epworth Sleepiness Scale; AHI, apnea/hypopnea index; LSAT,
lowest oxygen saturation.

Table 2 Changes of Functional Comorbidity Index and Functional Outcomes of Sleep in Men with OSA Before and After TORS-OSA
Surgery (N = 123)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

Functional Comorbidity Index

FCI 0.38±0.76 0.37±0.70 −0.02±0.41 0.6547

Functional Outcomes of Sleep Questionnaire

FOSQ-1 2.80±1.01 2.66±0.97 −0.15±0.65 0.0083*
FOSQ-2 2.52±0.91 2.31±0.37 −0.21±0.70 0.0015*

FOSQ-3 2.79±0.95 2.56±0.81 −0.23±0.65 0.0003*

FOSQ-4 2.51±0.89 2.41±0.77 −0.11±0.58 0.0463*

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; FCI, Functional Comorbidity Index; FOSQ, Functional Outcomes of
Sleep Questionnaire.
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In this study, there were no patients who had acute airway compromise or acute massive bleeding after surgery.
Additionally, there were 24 patients (19.5%) who addressed lumping throat after surgery, however, none of these patients
reported severe dysphagia and had obvious impact on swallowing in this cohort.

Discussion
Patient reported outcome (PRO) instruments are considered the gold standard for capturing the subjective patient
experience.36–38 Classically, the evaluation of treatment outcomes for OSA patients usually focused on the changes of PSG

Table 3 Changes of Prostate and Bladder Symptoms in Men with OSA Before and After TORS-OSA Surgery (N = 123)

Pre-Operative Post-Operative Difference (Post – Pre) P valuea

International Prostate Symptom Score (IPSS)

IPSS total 6.46±5.60 5.03±4.88 −1.43±2.84 <0.0001*

IPSS-8 2.13±1.66 1.68±1.37 −0.45±1.01 <0.0001*

Overactive Bladder Symptom Score (OABSS)

OABSS-1 0.80±0.68 0.77±0.70 −0.02±0.24 0.2568

OABSS-2 1.01±0.84 0.84±0.69 −0.17±0.61 0.0024*
OABSS-3 0.87±1.12 0.59±0.84 −0.28±0.84 0.0002*

OABSS-4 0.20±0.59 0.18±0.46 −0.02±0.47 0.7762

OABSS-total 2.88±2.14 2.38±1.71 −0.50±1.48 0.0001*

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; IPSS, International Prostate Symptom Score; IPSS-8, QoL score;
OABSS, Overactive Bladder Symptom Score.

Table 4 Changes of Subjective Estimates of Symptoms and Brief Polysomnographic Data in Men with Mild/Moderate OSA Before and
After TORS-OSA Surgery (N = 47; Mean Age = 43.3±10.2 Yrs.)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

ESS 8.55±4.27 7.70±4.47 0.84±4.71 0.224

Sleep efficiency (%) 102.41±109.10 86.43±9.06 15.97±109.63 0.596

AHI (/hr.) 20.80±5.34 17.94±13.51 −2.86±13.34 0.071
MeanO2 saturation (%) 95.29±1.31 95.69±1.31 −0.40±1.34 0.061

LSAT (%) 80.68±9.75 84.96±5.73 −4.28±10.05 0.006*

Desaturation index (/hr.) 10.91±7.21 8.38±8.28 2.52±7.39 0.023*

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; ESS, Epworth Sleepiness Scale; AHI, apnea/hypopnea index; LSAT,
lowest oxygen saturation.

Table 5 Changes of Subjective Estimates of Symptoms and Brief Polysomnographic Data in Men with Severe OSA Before and After
TORS-OSA Surgery (N = 76; Mean Age = 42.5±9.1 Yrs.)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

ESS 8.65±4.57 6.36±3.28 2.29±4.12 <0.0001*
Sleep efficiency (%) 84.75±12.76 86.84±13.35 −2.09±14.30 0.068

AHI (/hr.) 55.33±17.63 30.87±23.87 24.46±23.84 <0.0001*

MeanO2 saturation (%) 93.52±3.03 94.02±8.70 −0.49±9.04 <0.0001*
LSAT (%) 71.62±11.71 81.86±8.64 −10.23±10.71 <0.0001*

Desaturation index (/hr.) 43.48±21.37 21.70±21.86 21.78±21.83 <0.0001*

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; ESS, Epworth Sleepiness Scale; AHI, apnea/hypopnea index; LSAT,
lowest oxygen saturation.
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parameters, such as: AHI, O2 desaturation severity and bedpartner’s subjectively scoring the patients’ snoring intensity, etc. As
the surrogate outcome for evaluating the value of OSA treatment, AHI and O2 desaturation status are not sufficient
examinations of treatment outcomes and does not completely capture the spectrum of OSA and clinically meaningful
endpoints.39 Furthermore, any OSA treatment is based, not only on improving breathing patterns during sleep, but also on
alleviating the health-related (primarily cardiovascular and endocrine), behavioral (daytime sleepiness, QoL), functional

Table 6 Changes of IPSS, OABSS and Sleep-Related Quality in Men with Mild/Moderate OSA Before and After TORS-OSA Surgery (N = 47)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

International Prostate Symptom Score (IPSS)

IPSS total 6.06±4.83 5.04±4.60 1.02±2.43 0.002*

IPSS-8 2.19±1.44 1.83±1.17 0.36±1.09 0.038*

Overactive Bladder Symptom Score (OABSS)

OABSS-1 0.66±0.60 0.66±0.60 0.00±0.21 1.000

OABSS-2 1.00±0.83 0.87±0.65 0.13±0.54 0.107
OABSS-3 0.96±1.10 0.77±0.96 0.19±0.58 0.021*

OABSS-4 0.17±0.56 0.11±0.31 0.06±0.53 0.480

OABSS-total 2.79±2.00 2.40±1.70 0.38±1.21 0.048*

Functional Outcomes of Sleep Questionnaire (FOSQ)

FOSQ-1 2.87±1.08 2.81±1.04 0.06±0.53 0.405

FOSQ-2 2.46±0.91 2.37±0.77 0.09±0.59 0.331

FOSQ-3 2.77±0.98 2.62±0.87 0.15±0.63 0.124
FOSQ-4 2.45±0.80 2.40±0.80 0.04±0.46 0.527

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; IPSS, International Prostate Symptom Score; IPSS-8, QoL score;
OABSS, Overactive Bladder Symptom Score; FOSQ, Functional Outcomes of Sleep Questionnaire.

Table 7 Changes of IPSS, OABSS and Sleep-Related Quality in Men with Severe OSA Before and After TORS-OSA Surgery (N = 76)

Pre-Operative Post-Operative Difference (Post. - Pre.) P valuea

International Prostate Symptom Score

IPSS total 6.71±6.04 5.03±5.08 1.68±3.05 <0.0001*
IPSS-8 2.09±1.79 1.59±1.49 0.50±0.96 <0.0001*

Overactive Bladder Symptom Score

OABSS-1 0.88±0.71 0.84±0.75 0.04±0.26 0.180

OABSS-2 1.01±0.86 0.82±0.73 0.20±0.65 0.009*
OABSS-3 0.82±1.14 0.49±0.74 0.33±0.97 0.003*

OABSS-4 0.22±0.60 0.22±0.53 0.00±0.43 0.739

OABSS-total 2.93±2.23 2.37±1.73 0.57±1.64 0.001*

Functional Outcomes of Sleep Questionnaire

FOSQ-1 2.76±0.96 2.57±0.91 0.20±0.71 0.011*

FOSQ-2 2.57±0.91 2.28±0.70 0.29±0.75 0.002*

FOSQ-3 2.80±0.94 2.53±0.77 0.28±0.67 0.001*
FOSQ-4 2.55±0.92 2.41±0.75 0.15±0.65 0.058

Notes: aBy Wilcoxon signed-rank test. Data expression with mean±SD. *Statistical significance was accepted when p<0.05.
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; TORS, transoral robotic surgery; IPSS, International Prostate Symptom Score; IPSS-8, QoL score;
OABSS, Overactive Bladder Symptom Score; FOSQ, Functional Outcomes of Sleep Questionnaire.
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(performance, driving), and social (disruptive snoring) consequences of the disorder, all of which must be weighed against
OSA surgical complications and side effects.39 In this study, our results demonstrated that TORS-OSA surgery, one of the
principal treatment options for OSA, did not have major serious peri-and post-operative complications and can improve the
LUTS and OAB in male OSA patients in addition to improvement on classical parameters (data on PSG and daytime
hypersomnolence) of OSA treatment success. We also noted that the severe OSA group had 25.0% improvement in IPSS and
19.5% improvement in OABSS post TORS, which improvements were 16.8% in IPSS and 13.6% in OABSS in mild/
moderate OSA group. The OSA patients with more severe baseline OSA disease severity might have more improvement in
IPSS and OABSS after TORS-OSA surgery.

Numerous pathways may underlie OAB in OSAwhich could be reversed by TORS-OSA therapy. First, ischemia and
hypoxia may have a role in bladder neuropathy and overactive bladder. It has been shown that repeating cycles of
ischemia/reperfusion and hypoxia/reoxygenation leading to oxidative and nitrosative products, and bladder overactivity
in the ischemic bladder in a rabbit model.40 In 2015, Witthaus et al41 demonstrated that increased urinary frequency and
total urine output, and detrusor instability developed in rats exposed to obstructive sleep apnea/hypopnea conditions.
These changes were associated with bladder oxidative stress characterized by significant increases in tissue levels of
malondialdehyde and advanced oxidation protein products. In the same year, we conducted a prospective study with
evaluating the number of circulating endothelial progenitor cells (EPCs, reflecting the degree of endothelial impairment;
CD133(+)/CD34(+) [%], KDR(+)/CD34(+) [%]), biomarkers for oxidative stress (thiols and TBARS) in 62 OSA
patients. Our results demonstrated that clinical efficiency after OSA surgery assessed by PSG showed improvement
and mean systolic blood pressure (night and morning) reduction in the severe OSA group as well as increasing the
number of circulating EPCs and antioxidant capacity, especially in patients with severe OSA.42 Additionally, based on
the available evidence of improved mean O2 saturation after TORS-OSA therapy, we would speculate that the reduction
of the OSA-associated hypoxia may finally lead to restore O2 saturation of the pelvic vasculature, which could lead to
improve ischemic change of bladder or prostate, and improve LUTS and OAB. Furthermore, our data showed urgency
subscore (OABSS Q4) and nocturia subscore (OABSS Q2) was significantly improved after surgery. We believe that
bladder instability and nocturnal urine production might normalize after TORS-OSA therapy.

Regarding the impact of body mass index (BMI, kg/m2) on overactive bladder severity and OSA, Cardozo et al43 used
pooled data from seven randomized placebo-controlled trials to evaluate relationships between baseline BMI and OAB.
Their results showed that the baseline incidence of urgency, a key symptom of OAB, tended to increase with increasing
BMI. Our current data revealed BMI was slightly reduced from 26.9 to 25.8 after TORS-OSA therapy, which might
partially explain the mechanisms of improved OAB and LUTS after OSA treatment.

The limitations of this study are: 1) single surgeon’s and institute’s experience, 2) the patients served as their own
control before vs after TORS-OSA surgery with a lack of a control group, 3) this study was still a short follow-up and the
outcomes may be different based on time after surgery. The results of the long-term outcomes should be extended, 4) we
recognize there were a relatively small number of subjects studied and a larger case series should be conducted in future
studies, and 5) our experience and data are limited to Asian patients. It could be important to publish our data and further
compare the difference among different ethnic populations. Also, the major disadvantage of robotic surgery is the
relatively high out of pocket expense making the procedure unattainable for the average person without private insurance
assistance.

In conclusion, our study TORS-assisted OSA surgery could not only improve major parameters of sleep study and
sleep-related QoL, but also improve LUTS and OAB symptoms on male patients with OSA, especially in patients with
severe OSA.
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