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Polysomnographic data and clinical parameters such as the daytime sleepiness, and
body mass index (BMI) were evaluated for both groups of patients.
All patients underwent DISE examination with VOTE classification.
Results: The AHI value increased with aging whereas elderly patients presented a
reduction in daytime sleepiness. Elderly patients showed a higher incidence of total
collapse in the velum region compared to younger patients (90.9% vs 70%;); the older
patients showed a lower degree of total oropharyngeal lateral wall collapse with
respect to younger patients, (20% vs 50%). No difference in tongue base collapse
emerged between the two subgroups of patients.
Conclusion: Elderly patients showed a higher incidence of total collapse in the velum
and a lower incidence in the oropharyngeal lateral wall compared to younger patients.
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ABSTRACT 

Purpose: To evaluate, using drug-induced sleep endoscopy (DISE), sites of upper airway obstruction and pattern of 

collapse in patients over 65 years old affected by obstructive sleep apnea (OSA). To compare sites and pattern of collapse 

of elderly patients with a group of patients younger than 65 years.  

Methods: A group of 55 patients aged over 65 years old were enrolled in this prospective study.  

Fifty patients under 65 years old were collected in the control group. 

Polysomnographic data and clinical parameters such as the daytime sleepiness, and body mass index (BMI) were 

evaluated for both groups of patients.  

All patients underwent DISE examination with VOTE classification. 

Results: The AHI value increased with aging whereas elderly patients presented a reduction in daytime sleepiness. 

Elderly patients showed a higher incidence of total collapse in the velum region compared to younger patients (90.9% vs 

70%;); the older patients showed a lower degree of total oropharyngeal lateral wall collapse with respect to younger 

patients, (20% vs 50%). No difference in tongue base collapse emerged between the two subgroups of patients. 

Conclusion: Elderly patients showed a higher incidence of total collapse in the velum and a lower incidence in the 

oropharyngeal lateral wall compared to younger patients.  
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 1 

INTRODUCTION 2 

Obstructive Sleep Apnea (OSA) syndrome is a respiratory sleep disorder characterized by partial or complete recurrent 3 

episodes of upper airways collapse, that occurs during the night. OSA manifested with a reduction (hypopnea) or 4 

complete cessation (apnea) of airflow in the upper airways, in presence of breathing effort [1-3].  5 

OSA is a frequent and often underestimated pathology affecting between 2% and 5% of middle-aged population [3-5]. 6 

However, it has been observed that it may reach a much higher incidence in older people [7-11]. Different studies have 7 

estimated OSA incidence rates from 5.6% to 70% in people over 65 [8-13].  Analyzing 427 elderly people over 65, 8 

suffering from OSA, Ancoli et al [8], showed that 24% of them had an apnea/hypopnea (AHI) index greater than 5 and 9 

that 62% had a respiratory disturbance, with a Respiratory Disorder Index (RDI) ≥ 10. In another study comprising 10 

5615 men and women between 40-98 years of age, sleep apnea was found to be most frequent in subjects aged 60 years 11 

or older (approximately 50% had an AHI of 5-14, and approximately 20% had an AHI≥15) [4]. 12 

Aging is also associated with changes in OSA related parameters (increase of AHI, reduction of night-time SpO2, 13 

reduction of daytime sleepiness etc.) and type of sleep [10-14]. Therefore, is possible that the number of obstruction, 14 

sites and collapse pattern may change over time due to changes in pharyngeal anatomy, redistribution of body fat and/or 15 

the increased laxity of the oro/ipo-pharyngeal muscular structures, that are known to occur with aging. [15-18] 16 

These findings implicate the importance of assessment and classification of sites and patterns of collapse in elderly OSA 17 

patients. Polysomnography (PSG) is the gold standard for the diagnosis of OSA and evaluation of its severity (number 18 

of obstructive events per hour, SpO2 etc.), but it cannot provide detailed and accurate data regarding the anatomic 19 

localization of the obstructive sites [1,19]. 20 

Drug-induced sleep endoscopy (DISE) is a fiber-optic examination of the upper airway under controlled sedation. It is 21 

considered the best procedure to determine the site(s) and grade of obstruction(s), and patterns of airways collapse in 22 

OSA patients. Moreover, it quantifies, with the use of the DISE, the location and collapse pattern of the upper airway in 23 

OSA patients and can be used to customized treatments options and/or improve therapeutic outcomes [20-22]. 24 

The DISE examination studies reported in the literature were mainly performed in middle-aged adults [22-26]. To our 25 

knowledge, no clinical prospective studies have compared of upper airways DISE examination between elderly and 26 

younger OSA patients. 27 

This study was designed to analyze the role of DISE for evaluation of obstructive sites and pattern of collapse in 28 

patients over 65 years old affected by OSA. Besides, the sites and pattern of collapse of elderly patients has been 29 

compared with a group of patients younger than 65 years that have been evaluated with the same study protocol.  30 

 31 

Blinded Manuscript Click here to view linked References

http://www.editorialmanager.com/eaor/viewRCResults.aspx?pdf=1&docID=18693&rev=0&fileID=327751&msid=9a4a3c1b-d795-4a7c-8d44-38d900b44e88
http://www.editorialmanager.com/eaor/viewRCResults.aspx?pdf=1&docID=18693&rev=0&fileID=327751&msid=9a4a3c1b-d795-4a7c-8d44-38d900b44e88


 2 

MATERIALS AND METHODS 32 

In accordance with the existing literature, in this study an age over 65 years old was taken to be indicative of elderly 33 

patients [8-13]. Patients with age over 65 years old, consecutively admitted to our Department to underwent DISE, were 34 

initially enrolled in this prospective study.  35 

All the DISE procedures were performed at the Otolaryngology, Head and Neck and Oral Surgery Unit of the Morgagni 36 

Pierantoni Hospital in Forlì, Italy, between January 2016 and June 2018. 37 

Exclusion Criteria: Patients submitted to surgical treatments for OSA or that had performed other head-neck surgical 38 

procedures were excluded from the study, in order to evaluate the sites/pattern of collapse without surgical bias. Patients 39 

receiving pharmacological treatment for the OSA or drugs with an impact on the cognitive function were also excluded 40 

from the study. Patients with ASA 4, or with propofol allergy were also excluded to the study. 41 

As a control group, patients aged under 65 years, who underwent DISE in the same period of time, were prospectively 42 

enrolled in the study, following the same exclusion criteria of the study group.  43 

Clinical parameters such as the daytime sleepiness, evaluated through the Epworth Sleepiness Scale (ESS), and body 44 

mass index (BMI) were assessed for both groups of patients.  45 

The night before the DISE procedure all patients of the study underwent a polysomnographic (PSG) examination. 46 

The apnea-hypopnea index (AHI), Oxygen Desaturation Index (ODI), and the lowest SpO2 (LOS) were scored by a 47 

blinded registered polysomnographic technician using established criteria [1,19]. The PSG data of both subgroups of 48 

patients was analyzed and compared. 49 

In accordance with the American Academy of Sleep Medicine (AASM) [27-28], diagnosis and classification of OSA 50 

was made on the basis of the Apnea-hypopnea index (AHI) index. Patients were classified into mild OSA (AHI ≥5 and 51 

<15), moderate OSA (AHI ≥15 and <30) and severe OSA (AHI ≥30) (18,19). The simple snorers according to PSG 52 

results (AHI was <5 / h) were excluded from the study. 53 

 54 

DISE protocol and obstructive pattern classification 55 

The standardized protocol was employed in all the procedures, as reported in the European position paper on DISE 56 

[20,29]. All the DISE procedures were performed by two of the co-authors of this study (R.G. and G.I). 57 

All DISE procedures were executed in the operating room with an anesthesiologist.  58 

Propofol represented the sedative agent applied during all the DISE procedures and the Target Control Infusion system 59 

(TCI) was adopted [29,30]. No decongestion or topical anesthesia was employed.  60 

The bispectral index (BIS) was employed to monitor the depth of sedation during DISE [29-32]. 61 

At least two or more cycles (snoring, collapse) for each segment of the upper airway were observed. 62 
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The VOTE system proposed by Kezirian et al. [33] was applied to classify all DISE procedures (Tab. 1). 63 

Patients were observed firstly in standard supine primary position and after in lateral decubitus, for assessing significant 64 

modification of the upper airways during the latter position, in order to identify the positional OSA (POSA) 65 

[20,29,34,35]. Finally, the efficacy of mandibular advancement (pull-up manoeuver) was tested in each patient during 66 

the DISE. 67 

 68 

Statistical analysis 69 

The χ2 test was employed to evaluate the differences between the two groups of patients. The Student t-test was used to 70 

compare the analyzed factors.  A p value of <0.05 was taken as the threshold of statistical significance. Linear 71 

regression was used to correlate AHI and ESS with aging. 72 

This research study was performed in accordance with the principles of the Declaration of Helsinki and approved by the 73 

local Ethics Committee. Informed consent was obtained from all individual participants included in the study. 74 

 75 

 76 

RESULTS 77 

 78 

Fifty-five patients with OSA diagnosis and age ≥ 65 years old were enrolled in the study. Fifty patients with age <65 79 

years old, were enrolled in a control group of younger patients. 80 

Patients characteristics (Age, BMI and ESS) and PSG data (AHI, ODI and LOS) are summarized in Table 2. 81 

The mean age of patients over 65 years was 68.6 years (range 65-80), whereas the mean age of the control group was 82 

50.7 (range 21-62) years-old (p=0.0001).  The average BMI of the study group was 28.5 while the average ESS was 7.3. 83 

The mean BMI of elderly patients was found to be greater that younger patients (mean BMI 27.2) with a significative 84 

statistical difference (p = 0.02). The average ESS of elderly patients was lower than those of younger patients (p 85 

0.0001). Regression analysis showed ESS reduction with aging (p=0.0001) (Fig.1). 86 

Regarding the severity of OSA, a mean AHI of 37.7 and 31.7 emerged in elderly and young patients respectively. 87 

Comparing these two mean values, no statistical difference emerged (p=0.07). Similarly, no differences emerged in a 88 

comparison of the AHI classes of elderly and young patients (p>0.05 for each class of OSA severity) (Tab. 3). However, 89 

in the entire group of patients studied (both above and below 65 years of age) regression analysis showed an increase in 90 

AHI as patients’ age increased (p=0.03) (Fig.2).  91 

A statistical difference (p=0.001) was present between the average LOS value of elderly patients (70.8) and that of 92 

younger patients (72.5). 93 
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No differences in the method of DISE execution were found among elderly and young patients. This is confirmed by the 94 

similar average values of BIS and propofol that emerged in both sub-groups of patients (Tab. 4). 95 

During the DISE procedure, interesting data regarding different sites of obstruction and pattern of collapse emerged in 96 

elderly and young patients. The data regarding DISE in elderly and younger patients is  summarized in Table 5.  97 

Velum (V) collapse was present in 100% of elderly patients (90.9% grade 2 and 9.1% grade 1); elderly patients showed 98 

a higher incidence of total collapse in the velum region compared to younger patients (90.9% vs 70%;); this difference 99 

was statistically significant (p = 0.01). No differences in the pattern of velum collapse were found between the two sub-100 

group of patients (p>0.05 in each case). 101 

Oropharynx lateral wall (O) collapse was present in 45.4% of elderly patients. The lateral wall collapse was differently 102 

represented in the two groups of patients (p=0.02). Elderly patients showed a lower incidence of total oropharyngeal 103 

lateral wall collapse respect to younger patients, with an incidence of 20% and 50% in the two groups of patients 104 

respectively (p = 0.002). 105 

A total collapse of the tongue base (T) was present in 45.4% of elderly patients and 50% of young patients (p = 0.7). No 106 

difference in this type of collapse emerged between the two subgroups of patients.  107 

Epiglottis collapse was present in 49.1% of elderly patients. This subgroup of patients would seem to present most 108 

frequently a partial epiglottis collapse, compared to young patients (p=0.0006). 109 

Finally, during the DISE procedure, elderly patients showed a lower LOS in comparison to young patients (72.5 vs 78.9, 110 

p=0.001), whereas similar values in terms of POSA and positive mandibular pull-up emerged between the two sub-111 

groups of patients (Tab. 6).  112 

 113 

 114 

DISCUSSION 115 

 116 

Aging substantially increases the risk of obstructive sleep apnea. Besides, elderly patients may present differences in 117 

polysomnographic parameters (AHI, oxygen desaturation index; LOS) with respect to young patients. Despite the fact 118 

that the AHI value increases with aging, elderly patients have a reduction in daytime sleepiness [7-14]. George et al. 119 

[36] reported higher duration of apnea/hypopnea events, longer hypoxemia, as well as lower oxygen saturation in 120 

elderly patients than in their younger counterparts, whereas, Morrell et al [10], studying 1281 patients affected sleep 121 

disordered breathing, found a significative reverse correlation (p=0.04) between age and ESS. 122 

Evaluation of AHI and ESS in this study seems to confirm these aspects. Regression analysis showed greater AHI 123 

values as patient age increased (p=0.03). The elderly patients in our study had a lower average ESS compared with the 124 
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younger ones with a positive inverse correlation (p=0.0001), confirming the daytime sleepiness reduction in patients> 125 

65 years-old. 126 

The mechanisms underlying the tendency of elderly patients to have a greater incidence/severity of OSA syndrome still 127 

remain unclear [11,17]. Probably, as reported by some authors, the number, site and pattern of upper airway obstructions 128 

could change over time due to changes in pharyngeal anatomy and biomechanics, or deterioration in the function of 129 

pharyngeal dilator muscles [12-17].  130 

Given the high incidence and severity of the OSA syndrome in the elderly population and considering the increase in 131 

the average age of the world population, is important to understand if there are there are changes in the pharyngeal 132 

anatomy and sites/pattern of obstruction in people over 65 years [8-12]. 133 

Imaging studies have demonstrated that, compared to middle-aged subjects, older adults present changes in bony 134 

structure and fat deposits in the pharyngeal walls, which result in a greater upper airways collapsibility[16-18,37]. 135 

Malhotra et al [17], demonstrated a significant increase in the size of the pharyngeal fat pads with aging, independently 136 

from BMI and also suggested that soft tissue volume is a risk factor for OSA in older people.  Also, Carlisle et al. [15] 137 

reported that older males compared with younger patients, had a greater pharyngeal caliber measured using acoustic 138 

reflection, a greater combined retro-palatal and retro-glossal pharyngeal length, larger and longer soft palate and 139 

increased para-pharyngeal fat measured using MRI. Besides, as reported by some authors, increasing age is related to 140 

both velopharyngeal collapsibility (p < 0.01) and an increase in pharyngeal resistance during sleep (p < 0.01), 141 

independently from body mass index (BMI) and gender [13-18].  142 

However, these studies were based on an analysis of an awake patient population which only allows only a static 143 

assessment of upper airways, whereas upper airway obstruction in OSA patients is a dynamic process. This is the main 144 

reason why we decided to carry out the upper airway assessment during the DISE procedure, which allows a more 145 

effective dynamic analysis of the upper airways in terms of site, pattern and grade of collapse during drug-induced 146 

sleep.  147 

In this study, using the DISE, we analyzed the sites and pattern of upper airways collapse present in elderly patients and 148 

evaluated the differences that emerged with patients younger than 65 years old.  149 

Our results showed that velum collapse was present in 100% of elderly patients with a statistical difference in the 150 

incidence of total collapse compared to younger patients (p = 0.01). This finding could be explained by the greater 151 

velopharyngeal collapsibility and increase in the length of the soft palate and uvula, observed in elderly patients [13-152 

18].  153 

 154 

 155 
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Collapse of the oropharynx lateral walls (O) during DISE was present in 45.4% of elderly patients of our study. These 156 

patients also showed a lower incidence of total oropharyngeal lateral wall collapse respect to younger patients, (20% vs 157 

50%, p=0.002).  The atrophy of the lateral pharyngeal muscle that generally occurs with age could contribute to the 158 

reduction of the lateral wall collapse observed in older patients [14-17,38]. 159 

Similar incidences for total or partial tongue base collapse were observed. This finding could be related to the absence 160 

of age-related effects on pathogenetic factors causing tongue base collapse.   161 

In OSA patients the different grade of AHI could influence the different sites and collapse patterns observed during the 162 

DISE procedure. In this study the regression analysis showed an increase of the AHI value with aging. However, the 163 

average AHI, as well as the incidence of the different sub-classes of OSA severity of the two sub-groups of patients, did 164 

not present a statistical difference (p>0.05 in each cases). This would suggest that the AHI values found in the two 165 

patient sub-groups are not to be considered as potential biases of the study. Besides, no differences between propofol 166 

concentrations and BIS values in the two groups of patients emerged. This could mean that there is no bias in the DISE 167 

execution that have could have interfered with the different results obtained in elderly and young patients. 168 

The limitation of this study is that the pathophysiological mechanisms of pharyngeal collapse (pharyngeal critical 169 

pressure, oral breathing and negative pressure reflex, etc.) were not evaluated and analyzed.  However, this may be 170 

considered as a preliminary observational study. Further studies are under way to confirm these data and to relate the 171 

sites and pattern of upper airways collapse in elderly patients with the pathophysiological mechanisms of OSA 172 

syndrome. 173 

Another limiting factor of this study is the different mean BMI which emerged between the two groups of patients. 174 

Usually BMI increases with aging. However, it should be considered that the role of BMI variation in the incidence and 175 

severity of OSA in the elderly population has not yet been clarified by the published studies [13-17]. 176 

 177 

 178 

 179 

CONCLUSION 180 

DISE is an effective and safe method that allows the evaluation of sites and collapse pattern in elderly people. Elderly 181 

patients showed a higher incidence of total collapse in the velum and a lower incidence of total oropharyngeal lateral 182 

wall collapse respect to young patients.  183 

An accurate knowledge of the sites and pattern of collapse of elderly patients with OSA is potentially useful for 184 

customizing treatment options and/or for improving therapeutic outcomes [39]. 185 

 186 



 7 

 187 

 188 

REFERENCES 189 

 190 

1. Bosi M, De Vito A, Gobbi R, Poletti V, Vicini C. (2017) The importance of obstructive sleep apnoea and 191 

hypopnea pathophysiology for customized therapy. Eur Arch Otorhinolaryngol. 274:1251-1261. 192 

2. Magliulo G, de Vincentiis M, Iannella G, et al. (2018) Eustachian tube evaluation in patients with obstructive 193 

sleep apnea syndrome. Acta Otolaryngol. 138:159-164. 194 

3. Shochat T, Pillar G. (2003) Sleep apnoea in the older adult: pathophysiology, epidemiology, consequences and 195 

management. Drugs Aging. 20:551-60. 196 

4. Young T, Shahar E, Nieto FJ, et al. (2002) Predictors of sleep-disordered breathing in community-dwelling 197 

adults: the Sleep Heart Health Study. Arch Intern Med. 162:893-900. 198 

5. Magliulo G, De Vincentiis M, Iannella G, et al. (2018) Olfactory evaluation in obstructive sleep apnoea 199 

patients. Acta Otorhinolaryngol Ital. 38:338-345.  200 

6. Wilhelm CP, deShazo RD, Tamanna S, Ullah MI, Skipworth LB. (2015) The nose, upper airway, and 201 

obstructive sleep apnea. Ann Allergy Asthma Immunol. 115:96-102. 202 

7. Yaremchuk K. (2018) Sleep Disorders in the Elderly. Clin Geriatr Med. 34:205-216 203 

8. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan O. (1991) Sleep-disordered breathing in 204 

community-dwelling elderly. Sleep.14:486-95. 205 

9. Ancoli-Israel S, Kripke DF, Klauber MR, et al. (1996) Morbidity, mortality and sleep-disordered breathing in 206 

community dwelling elderly. Sleep. 19:277-82. 207 

10. Morrell MJ, Finn L, McMillan A, Peppard PE. (2012) The impact of ageing and sex on the association 208 

between sleepiness and sleep disordered breathing. Eur Respir J. 40:386-93. 209 

11. McMillan A, Morrell MJ. (2016) Sleep disordered breathing at the extremes of age: the elderly. Breathe 210 

(Sheff). 12:50-60. 211 

12. Suzuki K, Miyamoto M, Hirata K. (2017) Sleep disorders in the elderly: Diagnosis and management. J Gen 212 

Fam Med. 18:61-71. 213 

13. Ahmad N, Srinivasan K, Naicker TR, Moudgil H. (2014) Sleep apnoea in the elderly. Lancet Respir Med. 2:21 214 

14. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. (2013) Increased prevalence of sleep-215 

disordered breathing in adults. Am J Epidemiol. 177:1006-14. 216 



 8 

15. Carlisle T, Carthy ER, Glasser M, et al. (2014) Upper airway factors that protect against obstructive sleep 217 

apnoea in healthy older males. Eur Respir J. 44:685-93.  218 

16. Schwab RJ, Gupta KB, Gefter WB, Metzger LJ, Hoffman EA, Pack AI. (1995) Upper airway and soft tissue 219 

anatomy in normal subjects and patients with sleep-disordered breathing. Significance of the lateral pharyngeal 220 

walls. Am J Respir Crit Care Med. 152:1673-89. 221 

17. Malhotra A, Huang Y, Fogel R, et al. (2006) Aging influences on pharyngeal anatomy and physiology: the 222 

predisposition to pharyngeal collapse. Am J Med. 119:9-14. 223 

18. Jang MS, Kim HY, Dhong HJ, et al. (2014) Effect of parapharyngeal fat on dynamic obstruction of the upper 224 

airway in patients with obstructive sleep apnea. Am J Respir Crit Care Med. 190:1318-21. 225 

19. Bosi M, De Vito A, Vicini C, Poletti V. (2017) The role of compact polysomnography/polygraphy in sleep 226 

breathing disorder patients' management. Eur Arch Otorhinolaryngol. 274:2013-2028. 227 

20. De Vito A, Carrasco Llatas M, Ravensloot M, et al. (2018)  European position paper on drug-induced sleep 228 

endoscopy (DISE): 2017 update. Clin Otolaryngol. [Epub ahead of print]. 229 

21. Charakorn N, Kezirian EJ. (2016) Drug-Induced Sleep Endoscopy. Otolaryngol Clin North Am. 49:1359-1372. 230 

22. Campanini A, Canzi P, De Vito A, Dallan I, Montevecchi F, Vicini C. (2010)  Awake versus sleep endoscopy: 231 

personal experience in 250 OSAHS patients. Acta Otorhinolaryngol Ital. 30:73-7. 232 

23. De Vito A, Agnoletti V, Zani G, et al. (2017) The importance of drug-induced sedation endoscopy (D.I.S.E.) 233 

techniques in surgical decision making: conventional versus target controlled infusion techniques-a prospective 234 

randomized controlled study and a retrospective surgical outcomes analysis. Eur Arch Otorhinolaryngol. 235 

274:2307-2317. 236 

24. Koo SK, Choi JW, Myung NS, Lee HJ, Kim YJ, Kim YJ. (2013) Analysis of obstruction site in obstructive 237 

sleep apnea syndrome patients by drug induced sleep endoscopy. Am J Otolaryngol. 34:626-30. 238 

25. Ravesloot MJ, de Vries N. (2011) One hundred consecutive patients undergoing drug-induced sleep 239 

endoscopy: results and evaluation. Laryngoscope. 121:2710-6 240 

26. Golbin D, Musgrave B, Succar E, Yaremchuk K. (2016) Clinical analysis of drug-induced sleep endoscopy for 241 

the OSA patient. Laryngoscope. 126:249-53. 242 

27. Richard B. Berry, Rita Brooks, Charlene E. Gamaldo, et al. (2015) AASM Manual for the Scoring of Sleep and 243 

Associated Events, American Academy of Sleep Medicine. 244 

28. Epstein LJ, Kristo D, Strollo PJ Jr et al. (2009) Clinical guideline for the evaluation, management and long-245 

term care of obstructive sleep apnea in adults. J Clin Sleep Med. 5:263-76. 246 



 9 

29. De Vito A, Carrasco Llatas M, Vanni A, et al. (2014) European position paper on drug-induced sedation 247 

endoscopy (DISE). Sleep Breath. 18:453-65. 248 

30. De Vito A, Agnoletti V, Berrettini S, et al. (2011) Drug-induced sleep endoscopy: conventional versus target 249 

controlled infusion techniques--a randomized controlled study. Eur Arch Otorhinolaryngol. 268:457-62. 250 

31. Lo YL, Ni YL, Wang TY, et al. (2015)  Bispectral Index in Evaluating Effects of Sedation Depth on Drug-251 

Induced Sleep Endoscopy. J Clin Sleep Med. 11:1011-20. 252 

32. Traxdorf M, Tschaikowsky K, Scherl C, Bauer J, Iro H, Angerer F. (2016) Drug-Induced Sleep Endoscopy 253 

(DISE) with Target Controlled Infusion (TCI) and Bispectral Analysis in Obstructive Sleep Apnea. J Vis Exp. 254 

6: 18. 255 

33. Kezirian EJ, Hohenhorst W, de Vries N. (2011) Drug-induced sleep endoscopy: the VOTE classification. Eur 256 

Arch Otorhinolaryngol. 268:1233-1236. 257 

34. Levendowski DJ, Oksenberg A, Vicini C, Penzel T, Levi M, Westbrook PR. (2018) A systematic comparison 258 

of factors that could impact treatment recommendations for patients with Positional Obstructive Sleep Apnea 259 

(POSA). Sleep Med. 30;50:145-151. 260 

35. Safiruddin F, Koutsourelakis I, de Vries N. (2014) Analysis of the influence of head rotation during drug-261 

induced sleep endoscopy in obstructive sleep apnea. Laryngoscope. 124:2195-9. 262 

36. George E, Katerina V, Maria S, Lambros B, Konstantina N, Dimitrios G.  (2012) Clinical features and 263 

polysomnographic findings in greek male patients with obstructive sleep apnea syndrome: differences 264 

regarding the age. Sleep Disord.  2012:324. 265 

37. Jang MS, Kim HY, Dhong HJ, et al. (2014) Effect of parapharyngeal fat on dynamic obstruction of the upper 266 

airway in patients with obstructive sleep apnea. Am J Respir Crit Care Med. 190:1318-21. 267 

38. Heinzer RC, Stanchina ML, Malhotra A, et al. (2006) Effect of increased lung volume on sleep disordered 268 

breathing in patients with sleep apnoea. Thorax. 61:435-9. 269 

39. Gouveia CJ, Cramer JD, Liu SY, Capasso R. (2017) Sleep Surgery in the Elderly: Lessons from the National 270 

Surgical Quality Improvement Program. Otolaryngol Head Neck Surg. 156:757-764. 271 

 272 

 273 

 274 

LEGEND 275 

Figure 1: Regression plot between ESS and age; regression analysis showed ESS reduction with aging (p=0.0001). 276 

 277 
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Figure 2: Regression plot between AHI and age; regression analysis showed an increase in AHI as patients’ age 278 

increased (p=0.03). 279 
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Table 1;  VOTE classification as proposed by Kezirian et al. [33] 

STRUCTURE DEGREE OF 
OBSTRUCTION* 

CONFIGURATION** 

  A-P LATERAL CONCENTRIC 

Velum     

Oropharynx lateral walls     

Tongue Base     

Epiglottis     

 

*Degree of obstruction has one number for each structure: 0, No obstruction (no vibration); 1, Partial obstruction 

(vibration); 2, Complete obstruction (collapse); X, Not visualized 

**Configuration noted for structures with degree of obstruction greater than 0 

 

[33] Kezirian EJ, Hohenhorst W, de Vries N. (2011) Drug-induced sleep endoscopy: the VOTE classification. Eur Arch 

Otorhinolaryngol. 268:1233-1236  

 

Table 2 patient’s characteristics and PSG data in elderly and young patients 

 > 65 years 
55 patients (39 MALE 16 FEMALE) 

<65 years 
50 patients (27 MALE 13 FEMALE) 

P 
(t-

student 
test) 

 Mean value 
 

Standard 
Deviation 

Median 
value 

Mean value 
 

Standard 
Deviation 

Median 
value 

 

AGE 68.6 
(Hi = 80.0 

Low = 65.0) 

4.02  
 

67.0 50.7 
(Hi = 62.0 

Low = 21.0 ) 

9.7 53.0 0.0001 
 

BMI 28.5 
(Hi = 34.8 

Low = 21.4) 

2.9 28.4 27.2 
( Hi = 35.6 

Low = 19.5) 

3.3 26.9 0.02 
 

ESS 7.3 
(Hi = 15.0 

Low = 1.00) 

2.9 7.00 11.0 
( Hi = 16.0 

Low = 1.00 ) 

3.2 12 0.0001 
 

AHI 37.7  
(Hi = 70.9 

Low = 7.90) 

16.4 36 31.7  
(Hi = 76.0 

Low = 2.00) 

18.1 29.1 0.07 

ODI 36.7 
( Hi = 71.6 

Low = 10.0 ) 

17.3 35 31.4 (Hi = 
75.2 Low = 

7.40) 

18.5 27 0.1 

Table



 

 

 

 

Table 3; apnea/hypopnea index (AHI) sub-classes in elderly and young patients 

 > 65 years  
55 patients 

<65 years 
50 patients 

P 
chi square test 

Mild 3 8 0.1 

Moderate 16 18 0.5 

Severe  36 24 0.08 

 

 

 

Table 4; differences in bispectral index (BIS) mean value and plasmatic levels of Propofol between elderly and 

young patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LOS 70.8  ( 
Hi = 91.0 Low 

= 46.0) 

9.08 73.0 72.5(Hi = 
93.0 Low = 

62.0) 

6.09 80.0 0.001 

 
> 65 years  

55 patients 
<65 years 

50 patients 
p 

chi square test 

PROPOFOL  μg/ml 
(Average value) 

3.3 3.47 0.1 

BIS 
(Average value) 

63.6 62.9 0.9 



 

 

 

 

Table 5; Sites of obstruction, pattern and grade of collapse in according to the VOTE classification 

proposed by Kezirian et al.[33] 

 

  > 65 years  
55 patients 

<65 years 
50 patients 

p 
Chi square 

test 

Site of 
collapse 

Grade of collapse 
according to the VOTE 

classification 

Number 
of 

patients 
Percentage 

Number of 
patients 

Percentage  

VELUM 
0 (No Obstruction) 0 - 6 12% 0.009 

 1  
(Partial obstruction)  

5 9.1% 9 18% 0.2 

 2  
(Complete obstruction) 

50 90.9% 35 70% 0.01 

 
Concentric 28/55 50.9% 26/42* 61.9% 0.3 

 
A-P 23/55 41.8% 16/42* 38% 0.8 

 
Lateral 4/55 7.2% 0 - 0.7 

OROPHARYNX 
LATERAL 
WALLSb 

0 (No Obstruction) 29  52.7% 14 28% 0.02 

 1  
(Partial obstruction)  

14 25.4% 11 22% 0.8 

 2  
(Complete obstruction) 

11  20% 25 50% 0.002 

TONGUE BASE 
0 (No Obstruction) 8 14.5% 7 14% 1 

 1  
(Partial obstruction)  

22 40% 18 36% 0.6 

 2  
(Complete obstruction) 

25 45.5% 25 50% 0.7 

EPIGLOTTIS 
0 (No Obstruction) 28 50.9% 36 72% 0.02 

 1  
(Partial obstruction)  

16 29.1% 2 4% 0.0006 

 2  
(Complete obstruction) 

11 20% 12 24% 0.6 

 
A-P 24/27** 88.8% 11/14*** 78.5% 0.3 

 
Lateral 3/27** 11.2% 3/14*** 21.5% 0.3 



*42 patients showed total or partial collapse 

*27 patients showed epiglottis collapse 

*14 patients showed epiglottis collapse 

 

Tab.6. DISE; lowest oxygen saturation (LOS), positional obstructive sleep apnea (POSA) and positive 

mandibular pull-up in elderly and young patients 

 

 

 

 

 

 
>65 years  

55 patients 
<65 years 

50 patients 
p 

LOS 
(Average value of 

SpO2) 
72.5 78.9 

0.0001 
(t-student test) 

POSA 24/55 43.6% 23/50 46% 
0.8 

(chi square test) 

POSITIVE PULL-UP 36/55 65.4% 27/50 54% 
0.2 

(chi square test) 


