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INTRODUCTION 

Obstructive sleep apnea, an entity of sleep disordered 

breathing, which contains repeated episodes of narrowing 

or collapse of pharyngeal airway during sleep resulting in 

reduction/ complete cessation of airflow despite ongoing 

breathing efforts.
1
 It is characterized by recurrent sleep 

induced collapse of the pharyngeal airway leading to 

hypoxaemia and hypercapnia, with arousal from sleep 

thus re-establishing patency of airway. It is affecting 2-

4%
 

of individuals with serious complications like 

diabetes, hypertension, stroke, myocardial infarction and 

neurocognitive effects.
2,3

  

Continuous positive airway pressure (CPAP) ventilation 

is one of the standard therapies for obstructive sleep 

apnea syndrome. However, majority of the patients 

abandon CPAP therapy because of refusal or intolerance.
4
 

Though the OSA patients are classically treated with 

lifestyle modifications and medical management, 

compliance is poor in these patients and thus warranting 

surgical management. Surgical modification of airway 

has been performed since decades but with inconsistent 

results. With current knowledge in understanding the 

pathophysiology and modern investigations surgery has 

been carried out with the intention of creating more open 

airway. 

ABSTRACT 

 

Background: Obstructive sleep apnea is the most common form of sleep-disordered breathing. However, obstructive 

sleep apnea has been associated with much more insidious conditions, including hypertension, diabetes, heart disease, 

stroke, and daytime somnolence can lead to a dramatically increased risk of motor vehicle accidents.  

Methods: This study was conducted in our institution in 34 OSA patients. After thorough evaluation with PSG, 

dynamic MRI, DISE patients were treated with various surgeries depending on the level of obstruction. Commonly 

UPPP, ESP, zetaplasty, tonsillectomy, tongue base reduction were done either alone or in combination.   

Results: Pre and postoperative polysomnograhpy for obstructive sleep apnea was evaluated and statistically analyzed. 

Significant proportion of patients improved both subjectively and objectively as determined by reduction in AHI from 

41.73±13.94 to 15.77±9.13, reduction in ESS from 16.41+3.09 to 5.14±3.41 and reduction in snoring.  

Conclusions: OSA can be easily treated with proper preoperative investigations, appropriate surgery, prevention of 

complications and continued lifestyle modifications.  
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Sleep is defined as a “temporary state of unconsciousness 

that can be interrupted by external stimuli and it is 

regulated by RAS”. Sleep depends on interaction between 

intrinsic sleep drive, ultradian REM sleep rhythm, 

adaptive sleep drive and circadian rhythm.
5
 In OSA 

patients; there is collapse of different pharyngeal soft 

tissue structures especially that of velopharynx, 

oropharynx, and/or hypopharynx in addition to soft palate 

vibrations. Based on the different sites of pharyngeal 

collapse, 

“OSA patients are structurally classified as:
6
 

Type-1: Narrowing or collapse in the retropalatal 

(velopharyngeal) region alone. 

Type-2: Narrowing or collapse in both retropalatal and 

retroglossal regions. 

Type-3: Narrowing or collapse in the retroglossal region 

alone”. 

Our study addresses the postoperative apnea hypopnea 

index, oxygen saturation and the effectiveness of various 

surgeries for obstructive sleep apnea. The study was 

approved by the institutional Ethical Committee, 

Government General Hospital, Madras Medical College, 

Chennai and reviewed the experimental design, protocol 

as well as the letter of information and consent form. Full 

approval of the board was granted. 

Aim of the study 

1) To study the pre-operative and post-operative apnea 

hypopnea index and oxygen saturation. 

2) To study clinical improvement post operatively. 

3) To study the effectiveness of various surgeries for 

obstructive sleep apnea. 

METHODS 

A prospective study done at upgraded Institute of 

Otorhinolaryngology, Rajiv Gandhi Government General 

Hospital, Madras Medical College, Chennai during July 

2014 to September 2016. All patients who attend our 

outpatient department with the complaints of snoring, 

frequent awakening at night, excessive day time 

sleepiness, choking in sleep are further evaluated. All the 

patients underwent clinical examination followed by 

blood investigations especially thyroid function test and 

BMI evaluation. Then polysomnography is done with 

EEG, EOG, ECG, pulse oximetry, oronasal thermistor, 

thoracoabdominal belts is done to distinguish obstructive 

or central apnea. Other investigations include CT 

paranasal sinuses, drug induced sleep endoscopy (DISE) 

and magnetic resonance imaging.  

Inclusion criteria 

Inclusion criteria were age>20 years; both sexes (male 

and female); BMI<40; neck circumference>17 inches for 

men and >16 inches for women; unsuccessful or refused 

CPAP therapy. 

Exclusion criteria  

Exclusion criteria were age below 20 yrs and above 55 

yrs; hypothyroidism and other metabolic disorders; BMI 

>40; associated craniofacial abnormalities. 

This study was conducted in our institution in 34 OSA 

patients. After thorough evaluation with PSG, dynamic 

MRI, DISE patients were treated with various surgeries 

depending on the level of obstruction. Commonly UPPP, 

ESP, zetaplasty, tonsillectomy, tongue base reduction 

were done either alone or in combination. 

All patients were watched for complications like 

bleeding, pain (VAS score), VPI etc. Patients were given 

antibiotics, analgesics and mouthwash. Patients were 

given Ryle‟s tube feeding and discharged after 1 week. 

All patients were enquired about reduction in symptoms 

during subsequent follow up. At 3 months and 5 months 

polysomnography comprising of ECG, EEG, EOG, 

oxygen saturation, respiratory effort are done and AHI is 

calculated. All parameters were compared with pre 

surgical values and patients were categorized as 

responders or non-responders. Non-responders were 

thoroughly evaluated for the cause of failure and 

managed accordingly. 

Statistical analysis 

Statistical analysis is done through SPSS 20 software. 

Descriptive statistical analysis done to summarize the 

baseline characteristics result. Mean, median and 

standard deviation has been calculated in descriptive 

statistics. Paired „t” test is used to compare the values of 

pre and post op BMI, oxygen saturation, ESS. Annova 

table is used to compare between baseline AHI and at 3
rd

, 

5
th

 month.  

RESULTS 

Of the 34 patients 29 (85.3%) were males and 5 (14.7%) 

patients were females. Mean age of the study population 

was 37.53±5.2. 8 (23.5%) patients had a history of 

hypertension and 8 (23.5%) had a history of diabetes. The 

level of obstruction after confirming with dynamic MRI 

and DISE were found to be in velum in 18 (52.9%) 

patients, velum and tongue in 9 (26.5%) patients, velum 

and nose in 3(8.8%) patients, oropharynx and elongated 

uvula in 2 (5.9%) patients, velum and uvula in 1 (2.9%) 

and velum, nose and tongue together in 1 (2.9%) patient. 

Mean pre op BMI of these 34 patients were 29.02±2.85. 

Mean pre-op Epsworth Scale was 16.41±3.09. Mean 

Friedman score was 2.2±0.76. Average pre op AHI was 

41.73±13.94. Average minimum oxygen saturation of 34 

patients were 81.44±4.85. 
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Table 1: Distribution of study participants By BMI. 

BMI Frequency 
Percentage 

(%) 

18.5–24.99 (Normal) 3 8.82 

25–29.99 (Overweight) 20 58.82 

30–34.99 (Obese I) 9 26.47 

>35 (Obese II) 2 5.89 

Total 34 100.0 

Pre-op Mean BMI 29.02±2.85 

Table 2: Distribution of study participants by 

direction of obstruction. 

Direction of obstruction Frequency 
Percentage 

(%) 

Circumferential 14 41.2 

Circumferential (Velum) 

and AP (Tongue) 
8 23.5 

Lateral wall 10 29.4 

Lateral wall (Velum) and 

AP (Tongue) 
2 5.9 

Total 34 100.0 

Distribution of study participants by BMI and direction of 

obstruction are tabulated in Table 1 and 2 respectively. 

The levels of obstruction in the patients are at oropharynx 

and elongated uvula, velum, velum and elongated uvula, 

velum and nose, velum and tongue, velum nose and 

tongue (Figure 1). Among 34 OSA patients 7 (20.6%) 

patients underwent zetaplasty and ESP each, 5 (14.7%) 

patients underwent UPPP, 2 (5.9%) patients underwent 

tonsillectomy with uvuloplasty and 13 patients (38.2%) 

had surgery done at multiple levels (Figure 2). 

 

Figure 1: Bar diagram showing distribution of level of 

obstruction. 

Mean BMI before and after surgery was 29.02±2.85 and 

27.52±2.96 respectively with mean difference 1.49 which 

is statistically significant. Mean ESS of 34 OSA patients 

before and after surgery was 16.41±3.09 and 5.14±3.41 

respectively with mean difference of 11.26, which is 

statistically significant. Average minimum oxygen 

saturation before and after surgery was 81.44±4.85 and 

93.02±4.18, which is also statistically significant with 

mean difference of 11.58 (Table 3). 

 

Figure 2: Bar diagram showing various types of 

surgery in 34 OSA patients. 

 

Figure 3: Box-whisker plot showing pre and post–

operative BMI. 

 

Figure 4: Box-whisker plot showing pre and post-

operative difference in Epsworth Sleepiness Scale. 

Pre and post-operative BMI (Figure 3), Epsworth 

Sleepiness Scale (Figure 4), oxygen saturation (Figure 5) 

and mean value of AHI at 3rd and 5
th

 month are plotted, 

which shows improvement in AHI after surgery (Table 4) 

(Figure 6). 
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Table 3: Parameters before and after surgery in 34 patients. 

Characteristics Baseline After 5 months of surgery Mean difference P value 

BMI 29.02±2.85 27.52±2.96 1.49 <0.001 

Epsworth score 16.41±3.09 5.14±3.41 11.26 <0.001 

Oxygen saturation 81.44±4.85 93.02±4.18 11.58 <0.001 

Table 4: Mean value of AHI before and after surgery at 3 and 5 months. 

AHI at baseline At 3rd month At 5th month P value 

41.73±13.94 16.92±9.45 15.77±9.13 <0.001 

Table 5: Association between different type of surgery and polysomnographic findings. 

Surgery 

Epsworth Sleep Scale 

[Mean±SD] 

Oxygen saturation 

[Mean±SD] 

AHI 

[Mean±SD] 

Baseline 
Follow  

up 5 months 
Baseline 

Follow  

up 5 months 
Baseline 

Follow  

up 5 months 

Expansion 

sphinteroplasty 
13.14±2.91 3.28±1.38 84.43±5.16 95.00±1.16 38.35±11.37 11.14±4.63 

Multilevel surgery 17.62±1.76 6.31±3.35 80.08±2.72 91.69±4.29 43.81±9.39 18.39±10.03 

Tonsillectomy and 

uvuloplasty 
12.50±0.70 1.00±0.00 84.50±6.36 96.50±0.71 26.25±3.04 5.95±1.20 

UPPP 18.20±1.64 7.40±3.21 79.80±7.26 93.80±3.49 38.81±9.46 15.68±8.92 

Zetaplasty 17.29±3.45 5.57±4.54 81.29±5.16 92.00±6.00 47.77±23.45 18.43±10.17 

Total  16.41±3.09 5.38±3.53 81.44±4.86 93.03±4.19 41.74±13.94 15.77±9.13 

 

 

Figure 5: Box-whisker plot showing difference in 

oxygen saturation before and after surgery. 

 

Figure 6: Profile plot showing estimated mean change 

in AHI over the time after surgery. 

 

Figure 7: Profile plot showing estimated marginal 

means of pain duration in various type of surgery. 

Association between different type of surgery and 

polysomnographic findings are tabulated (Table 5). 

The incidence of temporary VPI is about 17.6% and 

bleeding is about 11.8%. The mean duration of pain is 

about 15.33±6.08. The mean pain duration among various 

surgeries with maximum duration is in multilevel surgery 

followed by zetaplasty (Figure 7). Success and failure of 

the surgery was 82.4% and 17.6% respectively. 

DISCUSSION 

Because of the inconsistent results with various surgeries, 

Friedman proposed a staging system.
7
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Stage I: Friedman tongue position 1 and 2. Tonsil size 3 

and 4. BMI<40. 

Stage II: Friedman tongue position 1 and 2. Tonsil size 0, 

1 and 2. BMI<40.  

Friedman tongue position 3, 4 tonsil size 3 and 

4. BMI<40. 

Stage III: Friedman tongue position 3 and 4. Tonsil size 

0, 1 and 2. BMI<40. 

Friedman any tongue position. Any Tonsil size. 

BMI>40. 

OSA patients of stage 2 and 3 have been identified to 

have obstruction not only at the single level but also 

simultaneously at multiple levels requiring surgery 

addressing various levels of airway.
8
 Therefore multilevel 

pharyngeal surgery is usually required to surgically 

overcome the several sites of obstruction. 

Among 34 patients, 7 patients underwent zetaplasty and 

ESP, 5 patients underwent UPPP, 2 patients underwent 

tonsillectomy and uvuloplasty and 13 patients underwent 

multilevel surgery. 

On statistical analysis on a study done in our institution, 

it was found that the study group comprised mainly male 

(85.3%). This data correlates with the study conducted 

among 63 patients by Khan et al where the population 

comprised of 81% men and mean pre op AHI is 62 who 

underwent UPPP.
9
 He concluded that AHI reduced to 

50% the previous value in 32 patients with a success rate 

of 51%”. This suggests that incidence of OSA is more 

common in male population. 

The mean age was 37.15±5.8 and the mean AHI was 

41.88±15.35. The mean AHI in our study correlated with 

Janson et al and Pang et al where the mean AHI was 40.1 

and 47.3 respectively suggesting that most of the OSA 

patients falls under severe OSA category.
10,11 

The mean BMI in the study group comprises 29.02 

coming under overweight category. This also correlates 

with Pang et al where the study group had a BMI<30.
11

 

They found that AHI reduced from 44.2 to 12 and lowest 

oxygen saturation improved from 78 to 85. This suggests 

that obesity plays a major causative factor in OSA 

patients. 

The mean preoperative ESS is 16.41±3.09 in our study 

group. This is similar to study conducted by Pang et al in 

487 patients where the mean ESS was 14.5.
11

 This 

suggests that significant proportion of population had 

symptoms of excessive daytime sleepiness. They reported 

7.1% of overall complication. Complications are 

postoperative desaturation, persistent hypertension, 

secondary hemorrhage, negative pressure pulmonary 

edema, and upper airway obstruction requiring 

reintubation. They concluded that all OSA patients 

should be monitored in post anesthesia care unit after 

surgery and based on the outcome in this period; patients 

should be shifted to general ward. 

Almost 100% of individuals had snoring preoperatively 

which correlates with the study conducted by Whyte KF 

et al.
12

 Snoring gets cured in 30 individuals and reduced 

in severity in 4 individuals after surgery as witnessed by 

partners. 

The most common site of obstruction in our study group 

is velum (52.9%) followed by multilevel involving 

tongue and velum. This study correlates with the study 

conducted by Herder et al.
13

 He reported that, of 127 

patients, 63% had single level obstruction while only 

37% had multilevel disease. But study conducted by 

Riley et al shows 93.3% (223 patients) were identified as 

having multilevel obstruction.
14

 Another study by 

Abdullah et al showed higher incidence of multilevel 

disease (87% of their 893 patient populations had 

multilevel obstruction).
15 

On follow up PSG done at 5 months in our study, it was 

found that post-operative AHI reduced to <50% than the 

preoperative value in 34 patients which is statistically 

significant and so the success rate was 82.4%. Whereas in 

a study conducted by Khan et al and Elshaug et al success 

rate was 51% and 51.5% respectively.
9,16

 This may be 

because of multilevel surgery done in our study and 

single airway surgery done in other studies. 

In our study group AHI 8.82% of patients had 50-60% 

improvement in AHI, 29.4% patients had improvement in 

the AHI upto 60-70% of preoperative value and 38.23% 

of individuals had 70- 80% improvement in post op AHI. 

In a study conducted by Lin et al success rate after 

multilevel surgery was 66.4% and in our study it is 

82.4%.
17 

On statistical analysis, two patients in our study 

underwent tonsillectomy with uvuloplasty as a sole 

surgical treatment for OSA. And these two patients 

improved well without any complications accounting a 

success rate of 100%. This result correlates with the study 

conducted by Verse et al
 
where the result was 100% in 

mild group and 80.8% in severe OSA group.
18

 In our 

study the study population had a BMI of average 25, 

therefore patients with moderate OSA also responds to 

tonsillectomy if the obstruction is due to enlarged tonsil 

alone. But the disadvantage is lack of adequate 

population group. 

Of the 34 patients, (17.6%) patients had VPI and 4 

(11.9%) patients had bleeding as a complication. This 

correlates with study conducted by Esclamado et al, but 

in a study conducted by Vieira et al only one patient had 

bleeding.
19,20 

In a study conducted by Esclamado et al serious 

complication like death had occurred. In our study there 

was no case of mortality.
19

 Death in above study was 

mainly due to postoperative airway edema. 
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Among 34 patients, 28 (82.4) patients had a postop 
oxygen saturation >90%, snoring reduced in 30 patients 
and ESS normalized (<10) in 27 patients. This suggests 
that after surgery there is both subjective and objective 
improvement. Incidence of hypertension and diabetes in 

our study population is about 23.5% (8 patients) each. 

In those 6 patients who had failure, average BMI index 
was31.4 and there is no significant change between pre-
operative and post op BMI and thus suggesting weight 
reduction has a major role in the outcome of surgery. 

The mean duration of pain in our study according to 
visual analogue scale is about 15.53±6.08, which also 
correlates with study by Vieira et al.

20
 The duration of 

pain varies with each surgery and it is more in surgery 

involving tongue base followed by zetaplasty. 

Staurt et al conducted a study in 48 patients. He 
compared surgical outcomes of efficacy of modified 
UPPP with coblation channeling of tongue.

21
 Patients 

were followed up for 3 months. At the end of 3 months 
PSG was taken. Post op clinical assessment, sleep 
questionnaire and BMI were compared. AHI reduced 
from 23.1 to 5.6 and ESS reduced to 5 from pre op value 

of 10.5. 

Tschopp et al conducted a similar study and reported that 
AHI and tonsillectomy were the most important 
predictive factors.

4
 Multilevel surgery provides a valuable 

alternative to CPAP therapy especially if conducted in 
combination with tonsillectomy. When comparing studies 
on multilevel surgery, special attention should be paid to 

the rate of tonsillectomy in the patient population. 

CONCLUSION  

Obstructive sleep apnea, which is an entity of sleep, 
disordered breathing leads on to various systemic 
consequences, if left untreated. Thus in the study 
conducted in our institution patients of OSA who refused 
CPAP or failed after CPAP trail were vigorously 
investigated. After identifying the site of obstruction, 
patients were channelized to different surgeries 
addressing velum, tongue, tonsil and uvula. Significant 
proportion of patients improved both subjectively and 
objectively as determined by reduction in AHI from 
41.73±13.94 to 15.77±9.13, reduction in ESS from 
16.41+3.09 to 5.14±3.41 and reduction in snoring. Since 
the complications of surgeries were anticipated 
preoperatively and managed accordingly, serious sequlae 
like airway compromise and deaths were avoided. Thus 
all surgeries were equally effective with proper 
preoperative investigations, appropriate surgery, 
anticipation and management of complications and 

continued lifestyle modifications. 
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