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LIST OF ABBREVIATIONS  

OSA : Obstructive Sleep Apnoea 

OSAS  : Obstructive Sleep Apnoea Syndrome 

PSG    : Polysomnography 

UPPP    : Uvulopalatopharyngoplasty 

CPAP    : Continuous Positive Airway Pressure 

DISE    : Drug Induced Sleep Endoscopy 

MRI    : Magnetic Resonance Imaging 

EEG    : Electroencephalography 

AASM  : American Academy of Sleep Medicine 

REM    : Rapid eye movement 

NREM  : Non-Rapid Eye Movement sleep 

AHI    : Apnoea Hypopnea Index 

LOW OD  : Lowest Oxygen Desaturation 

RERA  : Respiratory event related arousal 

BMI    : Body mass index 

EOG    : Electrooculography 

ESS    : Epworth’s sleepiness scale  

BQS    : Berlin Questionnaire Scale 



 9 

TABLE OF CONTENTS 

S.NO TITLE PAGE NO. 

1.  INTRODUCTION 1 

2.  REVIEW OF LITERATURE 3 

3.  POLYSOMNOGRAPHY 24 

4.  MANAGEMENT OF OSA 44 

5.  AIMS AND OBJECTIVES 59 

6.  MATERIALS AND METHODS 60 

7.  RESULTS 63 

8.  DISCUSSION AND REVIEW OF LITERATURE 77 

9.  SUMMARY 86 

10.  BIBLIOGRAPHY  

11.  ANNEXURES  



 1 

INTRODUCTION 

Obstructive sleep apnoea is an entity that has gained much 

importance in the present era. It has now emerged as a global problem. 

There are several forms of sleep disordered breathing. Obstructive sleep 

apnoea is the most common form of sleep disordered breathing. 

The disease has got close association with obesity. Visceral 

obesity is the important factor. So BMI has got a close association in the 

prediction of patient developing obstructive sleep apnoea in the future. 

The disease has also got a strong sex predilection. It mainly affects the 

male sex. The exact reason for this male predilection is yet to be 

discovered. Females presenting with obstructive sleep apnoea has also 

been reported. The disease is more common among the elderly. The 

disease also has a genetic predisposition. 

The disease is associated with apneic spells, excessive daytime 

sleepiness, snoring and tiredness. Patients report to the hospital with 

these complaints. They often report with their bed partner, as they are 

affected by the snoring and the apneic spells. Patients also complain of 

dozing off while doing daily activities.  

The disease has got wide acclaim in recent years because of its 

propensity to cause cardiovascular, neurological and metabolic 
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derangements if left unattended to. It can lead to hypertension, 

polycythemia, sudden stroke and cerebrovascular accidents.  

Obstructive sleep apnoea syndrome is suspected when a person 

presents with the above mentioned symptoms. Then they are subjected 

to investigations, overnight polysomnography is the gold standard 

investigation in the diagnosis of obstructive sleep apnoea.  

To deal with this condition a new field of sleep medicine has 

evolved. There should be a combined effort of physicians, surgeons, 

anaesthesiologists and supporting technicians for the suspicion and 

diagnosis of this condition.  
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REVIEW OF LITERATURE 

According to a study conducted by Mohan Kumar V et al; “a 

study on the evaluation of pre and post- operative polysomnography for 

obstructive sleep apnoea patients” (62) in 34 patients; the study had 

85.3% males. The level of obstruction was found to be at the level of 

velum in 52.9% patients. The mean pre op AHI was 41.73. The mean 

post-op AHI at the end of 3 months postoperatively was 16.92.  

“Baradaranfar MH, Edalatkhah M, Dadgarnia MH, Atighechi S, 

Behniafard N, Mirvakili A; the effect of uvulopalatopharyngoplasty with 

tonsillectomy in patients with obstructive sleep apnoea” conducted a 

study on 48 patients in Iran. He chose patients with failed CPAP therapy 

and positive Muller‟s manoeuvre. Pre op polysomnography was done 

and ESS was calculated. The patients underwent UPPP and were 

assessed at 6 months with repeat polysomnography. According to the 

50% reduction in AHI and AHI<20 criteria, he reported a success rate of 

64.6%. 

According to a study conducted by “Tungkeeraichai J, 

Apirakkittikul N, Kunachak S, Multilevel surgery in moderate to severe 

obstructive sleep apnoea patients” (67) on 60 patients for whom multi -

level surgery was done, the AHI reduced from 57.5 to 29.7 at 3 months 

postoperatively. The mean pre-op lowest oxygen desaturation was 79.1. 
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This increased to 84.4% post-operatively. In this study there was a male 

predominance (83.3% males). This study reported a 58.3% success rate 

when success was defined as a 50% reduction in AHI or an AHI of less 

than 20 events per hour. 

“Choi JH, Jun YJ, Kim TH, Lee HM, Lee SH, Kwon SY, et al. 

Effect of isolated uvulopalatopharyngoplasty on subjective obstructive 

sleep apnoea symptoms”, (68) conducted a study in 20 patients who 

underwent UPPP. The patients were assessed with polysomnography, 

ESS and a Likert scale. According to the 50% reduction in AHI criteria, 

he reported a 55% success rate. They also reported an improvement in 

the subjective symptoms. 

“Tanyeri H, Polat S, Kirişoğlu CE, Serin GM, Long-term efficacy 

of sub mucosal uvulopalatopharyngoplasty for obstructive sleep apnoea 

syndrome” (69) conducted a study in 32 patients who underwent UPPP. 

Polysomnography and ESS were assessed pre and post operatively. The 

patients were followed up for 36-96 months with a mean follow up 

period of 56 months. According to the 50% reduction in AHI values 

criteria, 46.9% patients had a successful outcome. Excessive daytime 

sleepiness decreased in 22 patients. Snoring was assessed and i t 

disappeared in 83% of the patients.  

Francesco Larusso, Francesco Dispenza, Domenico Michele, 

Modica, Salvatore Gallina “Role of modified expansion sphincter 
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pharyngoplasty in multi level obstructive sleep apnea syndrome surgery” 

conducted a study in 20 patients in the Department of University of 

Palermo Italy. He chose patients who rejected ventilatory therapy. They 

observed a mean reduction in AHI from 41.7 to 17.4 with a success rate 

of 65%. The patients were also assessed with snoring scores and day 

time sleepiness scale. The pre operative snoring average was 9.2. This 

reduced to an average of 4.5 post operatively. In his study the patients 

were assessed with Muller maneuver pre and post operatively. They 

noted a reduction in nasal obstruction. 
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HISTORICAL PERSPECTIVE 

The first description of a syndrome suggestive of obstructive 

sleep apnoea was given by Burwel et al in 1956 as the pickwickian 

syndrome (1). This was after a character of Charles Dickens novel „the 

Posthumous Papers of the Pickwick Club‟.  Christian Guilleminault (2) 

coined the term „obstructive sleep apnoea‟ in 1976. In 1970, it was Elio 

Lugaresi who completely described about the „OSA syndrome.‟ In 1983, 

Riley (3) described the cephalometric evaluation of OSA. In 1985, 

Fujita (4) came up with Uvulopalatopharyngoplasty. In the year 1986, it 

was Colin Sullivan who developed the nasal continuous positive airway 

pressure. 

SLEEP PHYSIOLOGY 

Sleep can be of two types- rapid eye movement sleep (REM) (5) 

and non-rapid eye movement sleep (NREM). NREM sleep is also 

referred to as slow wave sleep. The slow wave sleep is further divided 

into 4 stages. Each stage has unique characteristics like movements of 

eye, muscle tone, variations in brain wave patterns. These changes are 

assessed by electroencephalogram recordings. 

A sleep episode begins as, the individual first enters NREM stage 

1, then progresses to NREM stage 2, 3 and 4 and then finally he moves 

to REM sleep. Throughout the night the cycle keeps on repeating again 
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and again. NREM sleep accounts for 75-85% of our sleep. REM sleep 

accounts for 20-25% of our sleep. Usually the first sleep cycle has 

duration of 70-100 minutes. The latter cycles are more long lasting and 

take 90-100 minutes. In normal individuals the length of REM sleep 

increases as night progresses. So towards the morning, the length of 

time that the individual spends in stage 3and 4 of NREM sleep reduces 

and more time is spent in REM sleep. 4 to 6 REM sleep periods occur 

per night. REM sleep occupies 80% of sleep time in premature infants 

and it becomes 50% in full term infants. Thereafter the proportion of 

REM sleep falls rapidly. Under the American Academy of Sleep 

Medicine stages 3 and 4 are combined unto a single stage 3 (6).  

NREM SLEEP 

It has 4 stages characterized by distinct brain activity and 

physiology. Eye movement and muscle tone is also assessed.  

STAGE 1 NREM 

It is the first stage of sleep as an individual begins to sleep. This 

stage lasts for 1-7 minutes in the first cycle; it constitutes 2-5% (7) of 

total sleep time. This stage is easily aroused by surrounding noise. The 

EEG in this stage shows low voltage, mixed frequency waves. An alpha 

rhythm of EEG is slowly seen to change to theta rhythm. Alpha waves 

are seen in wakefulness and shows frequency of 8-13Hz. Theta rhythm 

shows waves at a frequency of 4-7 Hz. 
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STAGE 2 NREM 

This stage can last approximately 10-25 minutes in first cycle but 

lengthens in the consecutive cycles. This stage constitutes about 45-55% 

of total sleep episode. A more intense stimulus is required to wake  a 

person in this stage of sleep. EEG shows low voltage, mixed frequency 

waves along with the appearance of sinusoidal wave patterns called 

sleep spindles (12-14Hz) (8) and there can be occasional high voltage 

biphasic waves which are called as k complexes. 

 

STAGE 3 NREM 

Stage 3 and 4 are together known as slow wave sleep. Stage 3 

constitutes only few minutes of sleep that is around 3-8% of sleep. EEG 

shows high amplitude delta waves (0.5-4 Hz). 
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STAGE 4 NREM 

 This is the last stage of sleep. It makes about 10-15% of sleep. 

This comes to around 20- 40 minutes in the first cycle. EEG shows 

maximum slowing with large waves. The main feature of deep sleep is 

the pattern of rhythmic slow waves, this indicates marked 

synchronization. 

 

REM SLEEP 

Here there is desynchronized low voltage mixed frequency waves. 

Brain wave activity, no muscle movements but characterized by rapid 

eye movements. The EEG pattern resembles that of an awake, aroused 

person. So this stage of sleep is also called paradoxical sleep. However 

sleep is not disturbed. The stimulus that is required to wake a person 
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from REM sleep should have a high threshold. Rapid roving eye 

movements occur during this phase of sleep.  

Another feature seen in REM sleep is that this phase shows 

pontogeniculo- occipital spikes(9), these are large phasic potentials 

originating in the cholinergic neurons in the pons and passes lateral to 

geniculate body and then to occipital cortex. During the 1st cycle, REM 

stage may last for 1-5 minutes only, it becomes prolonged progressively. 

 

Dreaming is mostly seen in REM phase. Memory consolidation is 

believed to occur during REM sleep. 

The changes occurring in various physiological processes during 

the two phases of sleep (10) are the brain activity, heart rate, blood 

pressure and sympathetic nerve activity all of which increase during 

REM sleep. In NREM sleep, all of the above physiological processes 

show a decrease compared to wakefulness. Muscle tone is absent in 
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REM sleep. Blood pressure, airway resistance and respiration increases 

in REM sleep whereas it decreases from wakefulness in NREM sleep.  

NEUROCHEMICAL MECHANISMS PROMOTING SLEEP 

AND AROUSAL 

Sleep promoting factors 

 Serotonin has an inhibitory action on posterior hypothalamus and 

reticular activating system and thus promotes sleep. 

 Melatonin has an inhibitory action on the suprachiasmatic nucleus 

(11) and thus promotes sleep. 

 The medial preoptic area of hypothalamus (12) releases PGD2 

which promotes sleep. 

 Adenosine (13) concentration has a direct role in promoting sleep.  

Neurotransmitters inhibiting sleep 

 Histamine has an action on posterior hypothalamus and promotes 

alertness and wakefulness and thus inhibits sleep.  

 Aspartate and glutamate can act on thalamo cortical neurons to 

produce cortical activation thus inhibiting sleep. 

 Acetylcholine and GABA acts on the telencephalon to produce 

wakefulness. 

 Wakefulness is also caused by release of PGE2.  
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ANATOMY OF SOFT PALATE 

It is a soft flexible partition that separates the nasopharyngeal 

from the oropharyngeal airway. It extends from the posterior edge of 

hard palate and laterally it blends with the lateral walls of the 

oropharynx. 

The basis of the soft palate is the palatine aponeurosis (14). This 

is formed when the two tensor tympani muscles join in the midline. The 

aponeurosis is attached anteriorly to the posterior edge of hard palate 

and posteriorly to the inferior surface of palatine crest. Near the midline 

the aponeurosis splits to enclose the uvular muscle (15). Anteriorly, the 

soft palate is less mobile and more horizontal, from the posterior part 

hangs the uvula. From the base of uvula on both sides run a fold of 

mucus membrane to the lateral wall of oropharynx, this is the 

palatopharyngeal arch. More anteriorly, there is the palatoglossal fold 

which extends from the soft palate to the sides of the tongue. 

The mucous membrane on the superior aspect of the soft palate is 

of the respiratory type, it is of pseudo stratified ciliated variety and on 

the inferior aspect there is non-keratinized stratified squamous 

epithelium. 
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MUSCLES OF SOFT PALATE 

There are five muscles which constitute the soft palate:  

 Tensor veli palati 

 Levator veli palatini 

 Musculus uvulae 

 Palatoglossus 

 Palatopharyngeus 

TENSOR VELI PALATI 

It is thin triangular muscle. It takes origin from the scaphoid fossa 

of pterygoid process of sphenoid bone. The medial aspect of spine of 

sphenoid and the cartilaginous part of Eustachian tube also gives origin 

to the muscle. It converges into a small tendon and hooks around the 

pterygoid hamulus, pierces the attachment of buccinators to the 

pterygoidmandibular raphe and spreads out to form the palatine 

aponeurosis. It functions to tighten the soft palate and acts to open the 

Eustachian tube. 

LEVATOR VELI PALATI 

It is a cylindrical muscle that arises from an area on the inferior 

surface of petrous temporal bone in front of the opening of carotid 

canal. It then passes over the upper edge of superior constrictor thereby 
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piercing the pharyngobasilar fascia, descends in front of 

salpingopharyngeus muscle to be inserted into the upper surface of 

palatine aponeurosis. The muscle fibers blend with the muscle fibers of 

the opposite side. The muscle acts to raise the soft palate upwards and 

backwards. It also plays a role in opening the Eustachian tube.  

PALATOGLOSSUS 

This is a small bundle of muscle arising from the oral surface of 

palatine aponeurosis.  It passes antero-inferiorly and lateral to the tonsil 

thus forming the palatoglossal arch. The muscle inserts to the sides of 

the tongue, some fibers pass to the dorsum of the tongue and some deep 

to the transverse intrinsic muscle fibers. The muscle acts to close the 

oropharyngeal isthmus by the approximation of both the palatoglossal 

muscle arches and the elevation of tongue against the soft palate.  
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PALATOPHARYNGEUS 

This muscle arises in the palate as two separate muscle bundles 

which are separated by the Levator palati muscle. The thicker anterior 

bundle arises from the posterior surface of hard palate and palatine 

aponeurosis. The thinner posterior bundle arises from the mucous 

membrane of the palate. The two bundles meet and descend as the 

palatopharyngeal fold and gets inserted to the posterior edge of the 

lamina of thyroid cartilage. The function of the muscle is pulling up the 

pharynx upwards, forwards and medially thereby shortening the 

pharynx. It also elevates the larynx during deglutition.  

MUSCULUS UVULAE 

This is a small paired muscle. The muscle takes its origin from the 

palatine aponeurosis, then passes downwards and backwards and gets 

inserted to the mucous membrane of uvula. The muscle acts to shorten 

and pull up the uvula. It also adds bulk to the soft plate thereby 

facilitating the closure of nasopharyngeal isthmus.  

The muscles of the soft palate in general are supplied by the 

pharyngeal plexus except the tensor veli palati which is supplied by the 

mandibular division of trigeminal nerve.  

PASSAVANT’S RIDGE (16) 

This is formed by the palatopharyngeal sphincter. It takes its 

origin from the anteroposterior surface of palatine aponeurosis and 



 16 

blends with the upper border of superior constrictor of pharynx. This 

will encircle the pharynx as a sphincter. The ridge will act along with 

the Levator palati helps in the closure of the pharyngeal isthmus.  

MUSCLES OF TONGUE 

INTRINSIC MUSCLES (17) 

SUPERIOR LONGITUDINAL MUSCLES: they act to make the 

dorsum of the tongue concave and thus shorten the length of the tongue.  

 

Inferior Longitudinal Muscles:  The function of this muscle is to 

make the dorsum of the tongue convex. This will also shorten the 

tongue. 

Transversus Linguae: this muscle acts to reduce width of the 

tongue thus increasing the length of the tongue.  
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Verticalis Linguae:  The function of this muscle is to increase the 

width of the tongue and thus making the dorsal surface concave from 

side to side. 

EXTRINSIC MUSCLES 

Genioglossus: This is a fan shaped muscle. It takes its origin from 

the upper genial tubercle and gets inserted into the tongue from its root 

to tip. This muscle acts to protrude the tongue.  

Hyoglossus: this is a flat quadrilateral muscle which arises from 

the greater cornu of hyoid bone passing upwards and gets inserted into 

the side of the tongue. The muscle acts to depress the tongue.  

Styloglossus: the muscle takes its origin from the styloid process 

and gets inserted to the sides of the tongue. The contraction of this 

muscle will cause the tongue to be drawn upwards and backwards.  

Palatoglossus: the muscle raises the tongue and narrows the 

oropharyngeal isthmus. 

All the muscles of tongue are supplied by the hypoglossal nerve 

except the palatoglossus which is supplied by the pharyngeal plexus 

OBSTRUCTIVE SLEEP APNOEA SYNDROME 

It is defined as “5 or more respiratory events which can include 

apneas, hypopneas, or RERAs- associated with symptoms of excessive 

daytime sleepiness which includes waking with gasping, choking or 
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breath holding”. The bed partner will complain of witnessed episodes of 

apneas, loud snoring or both (18). 

SNORING 

Snoring is a sound that is produced as the air passes through the 

collapsed pharyngeal tissue. It is usually louder during inspiration than 

in expiration. Snoring if present does not indicate patient is having 

obstructive sleep apnoea, it also can occur as a separate entity.  

UPPER AIRWAY RESISTANCE SYNDROME 

It is a recent clinical entity. Here the patient experiences 

excessive daytime sleepiness along with debilitating somatic complaints, 

but it does not meet the criteria for obstructive sleep apnoea syndrome.  

APNOEA 

It is the temporary cessation of airflow for at least 10seconds.  

HYPOPNOEA 

It is a new entity. Here the episode does not meet the criteria for it 

to be an apneic episode. An event is called a hypopnoea if “there is a 

reduction in airflow >30% for a minimum duration of 10 seconds with 

>4% desaturation from the baseline”.  This is the AASM acceptable 

criteria. According to the AASM recommended criteria, “there should be 

a 50% reduction in airflow for a minimum duration of 10 seconds with a 

>3% desaturation from the baseline saturation or an associated EEG 

arousal”. 
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RESPIRATORY EFFORT RELATED AROUSAL 

This entity does not meet the criterion for it to be called either an 

apnoea or a hypopnoea. (19) It is defined as a sequence of breath for at 

least 10 seconds with increasing respiratory effort or flattening of the 

inspiratory nasal pressure waveforms, leading to an arousal from sleep.  

APNOEA HYPOPNEA INDEX 

It is “the number of apneas and hypopneas per hour of sleep”. It 

was Christian Guilleminault and William Dement (2) who introduced 

this concept. In a study conducted by Wang et al, he observed that there 

was a relationship between AHI and cardiovascular disease with a 10 

unit average increase in AHI associated with a 17% increased risk of 

cardiovascular disease. (20) 

It is classified as (21) 

Normal Less than 5 

Mild 5-15 

Moderate 15-30 

Severe >30 

NON RESPIRATORY SLEEP DISORDERS 

NARCOLEPSY 

It is a disorder of the REM sleep. It is found to have association 

with HLA DR2 and HLA DQ1. This condition has an equal sex 

predilection. It is a familial condition. The patients complain of 
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excessive daytime sleepiness, hypnagogic hallucinations, sleep paralysis 

and cataplexy. (22) 

PERIODIC LIMB MOVEMENT DISORDER 

It occurs during sleep. In this condition there is a periodic 

activation of flexor muscles of lower limb. The usually affected muscle 

groups include the toe and ankle flexors. The diagnosis of this condition 

is made if at least 5 activations take place per hour of sleep. This 

condition can occur either in NREM1 or NREM stage 2. (23) Patients 

complain of excessive daytime sleepiness, difficult sleep initiation and 

frequent nocturnal awakenings. 

IDIOPATHIC HYPERSOMNIA 

This diagnosis is made in patients with excessive day time 

sleepiness in whom all other diagnosis are excluded.  This condition 

shows a positive family history. 

PATHOPHYSIOLOGY OF OSA 

The primary cause of OSA is narrow upper airway. During 

wakefulness, there is an increase in upper airway dilating muscle 

activity which compensates for the narrow upper airway. With the onset 

of sleep, there is a decrease in the dilating activity of the upper airway 

muscles.(24) This will result in upper airway collapse and 

hypoventilation. This hypoventilation will cause hypoxemia and 

hypercapnia. This will further stimulate respiratory effort. At a certain 
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arousal threshold because of the respiratory drive, patient awakens. This 

results in resumption of dilator muscle activity and there will be a relief 

of upper airway obstruction, ventilation will resume to normal and then 

patient again goes to sleep. The cycle starts all over again.  

The upper airway dilating muscles include those that influence the 

hyoid position like geniohyoid, tongue position like genioglossus and 

those involving the position of palate like the tensor palatin i. The 

primary muscles that dilate the upper airway include the geniohyoid and 

the genioglossus. They have phasic inspiratory activity during 

inspiration which is maintained during NREM sleep. These muscles help 

to stiffen the airway and they oppose the negative airway pressure that is 

created by the contraction of the diaphragm. In contrast the tensor 

palatini muscle has tonic activity. This activity becomes reduced during 

NREM sleep. During REM sleep, this decrease becomes more marked.  

Because of the persistent obstruction to the airway, there is an 

increased workload on the heart due to an increase in carbon dioxide in 

an effort to maintain saturation. This will result in left ventricular 

hypertrophy. (25) 

A persistent decrease in oxygenation can result in other condition 

like polycythemia, pulmonary hypertension and chronic obstructive lung 

disease which can lead onto cor pulmonale and sudden death. 
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Progesterone increases the activity of the upper airway dilating 

muscles. So women are protected against OSA compared to men. Sleep 

position also contributes to upper airway collapse. The shape of the 

upper airway also has a role to play in determining the collapsibility of 

the upper airway. 
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CONSEQUENCES 

Upper airway collapse         apnoea/Hypopnoea 

                                                             

                                    Hypoventilation/Hypoxemia/Hypercapnia     

                                                                                            

                                          Pulmonary Hypertension 

Apnoea/Hypopnoea   arousals 

                                                       

Increase in catecholamines          sleep fragmentation  

                                                              

Systemic hypertension              increased daytime sleepiness/  

                                                  Impaired cognitive function 

Clinical Features 

Nocturnal symptoms (26) 

 Witnessed episodes of apneas 

 Dyspnea 

 Drooling 

 Dry mouth 

 Restless sleep 

 Frequent arousals 

 Nocturia 
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DAYTIME SYMPTOMS 

 Excessive daytime sleepiness 

 Morning headaches 

 Neurocognitive impairment 

 Diminished quality of life 

 Mood and personality changes 

 Sexual dysfunction 

POLYSOMNOGRAPHY 

Overnight polysomnography is the gold standard investigation 

(27) in a patient who is presenting with features suggestive of 

obstructive sleep apnoea. 

INDICATIONS 

To diagnose variety of sleep disorders like 

 Obstructive sleep apnoea 

 Periodic limb movement disorder 

 Narcolepsy 

 REM sleep behavior disorder 

 Unusual behaviours during sleep 

 Bruxism 

 Central sleep apnoea 
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 Idiopathic hypersomnia 

 Parasomnias 

TYPES OF PSG 

Level 1 

 It is done overnight in a sleep lab or hospital. Minimum 7 

parameters are recorded. In this level there is a sleep technician who 

monitors the entire study.  

Level 2 

This level is similar to level 1. In this level a technician is not 

present throughout the study. 

Level 3 

This can be done at home. A minimum of 4 parameters should be 

recorded (at least 2 channels of respiratory movements or airflow, heart 

rate/ oxygen saturation). 
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Level 4 

It is the continuous monitoring of a minimum of one parameter; 

usually the parameter chosen is oxygen saturation. 

The parameters that can be measured in PSG include:  

 Electroencephalography 

 Electro oculography 

 Electromyography – includes both chin and leg muscles 

 Snoring sensor 

 Nasal and oral airflow monitors- thermistor 

o Nasal pressure transducer 

o Inductance plethysmography 

 Body position sensor 

 Chest respiratory effort monitor 
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 Abdominal respiratory effort monitor 

 Electrocardiogram 

 Pulse oximetry 

OPTIONAL 

 End tidal carbon dioxide monitor 

 Esophageal pressure monitor 

 Nasal continuous positive airway pressure 

SLEEP HYPNOGRAM 

 It is the report obtained after a polysomnography.  

 It shows the – total sleep time 

o Time spent in various stages of sleep 

o Sleep efficiency 

o Sleep latency 

AROUSALS 

They are transient phenomenon that interrupts sleep. When a 

person abruptly goes from a higher sleep stage to a lower sleep stage, it 

is considered as an arousal. 
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AROUSAL INDEX 

It is defined as “the number of arousals per hour of sleep”. The 

index increases with age. (28) It can be assessed as a measure of 

daytime sleepiness. 

AWAKENINGS  

The difference between an arousal and an awakening is that in an 

awakening the person wakes up from sleep completely. It also can throw 

light into the amount of daytime sleepiness.  

OXYGEN DESATURATION INDEX 

It is defined as “the number of desaturation events per hour of 

sleep”. Desaturations mostly occur in REM sleep. A high oxygen 

desaturation index signifies good adherence on CPAP. (29) A pulse 

oximetry alone cannot be used for diagnosis because it has low 

specificity and sensitivity. (30) 

EPWORTH SLEEPINESS SCALE 

Dr.Johns (31) first developed the Epworth sleepiness scale for adults in 

1990 and slightly modified it in 1997. It was developed to assess the daytime 

sleepiness of patients. He named this questionnaire after Epworth hospital in 

Melbourne where he established the Epworth Sleep Centre in 1988. 

The ESS is a self-administered questionnaire of 8 questions. 

Respondents are asked to rate their chance of dozing off or falling 

asleep while engaged in 8 different activities in a  sale of 0-4. 
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 2-10- normal  

 11- 24- indicates excessive daytime sleepiness 

 Disadvantage: subjective 

BERLIN QUESTIONNAIRE 

It is a screening tool used in the diagnosis of obstructive sleep 

apnoea. The questionnaire includes questions on snoring behavior, 

daytime sleepiness and hypertension. The age, gender and BMI of the 

patient are also taken into account. The subjects are considered to have a 

high risk of OSA if they have 2 of 4 questions positive in category 1, 2 

of the symptoms of excessive daytime sleepiness along with the 

presence of hypertension. This scale has a sensitivity of 76%. (76)  
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FRIEDMAN STAGING 

Friedman score (32) was a clinical criterion that is used by an 

anesthesiologist to predict a difficult intubation. The factors considered 

for this scoring include modified Mallampatti score, tonsil size and BMI 

of the patient. 
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MALLAMPATTI CLASSIFICATION 

This classification (33) was initially used to assess the difficulty 

of oro-tracheal intubation. It analyses the anatomical relationship of 

base of tongue to faucial pillars and uvula. It is assessed by asking the 

patient to open his mouth and protrude his tongue with the patient in 

sitting position and he should not vocalize while he is being assessed.  

“Class 1 Faucial pillars, tonsil and the uvula is visualized”  

“Class 2 Only the faucial pillars and the soft palate is visualized”  

“Class 3 Soft palate is the only structure visualized”  

 

MODIFIED MALLAMPATTI CLASSIFICATION 

Class Structure seen 

1 Soft palate, fauces, uvula, pillars 

2 Soft palate, fauces, uvula 

3 Soft palate, base of uvula 

4 Soft palate not visible 
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FRIEDMAN PALATE POSITIONING SYSTEM 

This is based on modified Mallampatti classification. The grading 

is done by analyzing the structures visualized with the mouth open 

without protrusion of the tongue. (34) 

“Grade 1 Entire uvula and tonsils seen”  

“Grade 2 Uvula can be visualized but not the tonsil”  

“Grade 3 The soft palate is visualized but not the uvula”  

“Grade 4 Only the hard palate can be visualized.”  
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Tonsil size grading scale 

There are 2 commonly used scales for the grading of tonsil. They are  

 Brodsky grading scale 

 Friedman grading scale 

Brodsky grading scale: (35) 

Grade Percentage of airway obstruction 

0 Tonsils seen within the fossa  

1 Less than or equal to 25% 

2 26-50% 

3 51-75% 

4 More than 75% 

Friedman scale 

Grade Description 

0 Post tonsillectomy status 

1 Tonsils seen within the tonsillar fossa 

2 Tonsils seen crossing the anterior pillars  

3 Tonsils seen beyond the pillars but not reaching up to the 

midline 

4 Kissing tonsils 
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FRIEDMAN STAGING SYSTEM 

Friedman combined BMI, palate position and tongue size and 

proposed a new classification. (36) This classification also helped to 

predict the outcomes of surgical management.  

“Stage Friedman palate position Tonsil size BMI 

1 

 

1 

2 

3,4 

3,4 

<40 

2 

 

1,2 

3,4 

1,2 

3,4 

<40 

3 

 

3 

`4 

0,1,2 

0,1,2 

<40 

4 1,2,3,4 0,1,2,3,4 >40” 

Patients with significant craniofacial or other anatomical defects 

were also included in Stage 4. 
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DYNAMIC MRI 

Sleep MRI plays a major role in the diagnosis  of OSA. It plays an 

important role in the diagnosis of obstructive sleep apnoea. It plays an 

important role in detecting the level and cause of OSA. (37)The major 

advantage of dynamic MRI in comparison  to other radiological 

modalities is that it is able to perform multiplanar dynamic imaging 

without significant radiation exposure.(38) A video of real time 

sequences that are produced during sleep is recorded.  

TECHNIQUE 

The MRI is taken two times- the first when the patient is awake 

and the second when the patient is asleep. Sleep can be natural or 

pharmacologically induced. When natural sleep is employed then 

surrounding noise should be blocked using noise protectors or ear plugs. 

Generally sleep MRI is performed using pharmacologically induced 

sleep as the MRI room is not a place where the patient can induce 

natural sleep. 

The sedatives that are used are mainly IV midazolam. Initially, 

1mg IV midazolam is given; this will serve as an anxiolytic. Next, the 

awake scan is taken. After this 1mg doses are given at 5 minute 

intervals. A maximum dose of 3mg can be given. The sedative effect is 

evaluated and after sleep has been induced the second MRI is taken. 
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Patient is advised to avoid stimulants like caffeine on the day of MRI 

for smooth induction of sleep. 

 

COLLECTION OF DATA 

During dynamic MRI, data regarding the timing of apneic and 

hypopneic episodes are collected. These episodes are then correlated 

with the radiological images of airway collapse during these episodes. 

The MRI helps to identify the area of collapse. 

The collapse can be of three types- retro palatal 

 Retro lingual 

 Mixed 
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The MRI can help us in choosing the type of surgery required in 

an individual. 

DRUG INDUCED SLEEP ENDOSCOPY 

DISE is a surgical intervention to identify the site of obstruction 

in OSA. (39) DISE involves the use of fibreoptic nasopharyngoscopy to 

evaluate the site of airway collapse during pharmacologically induced 

sleep. Cardiorespiratory monitoring is required during the procedure. So 

the procedure requires an operating room setup with the help of a 

trained anesthesiologist. Anesthesiologist can help us to control the 

level of sedation required and can also help if an emergency airway 

management is required. 

Absolute contraindications of the procedure include:  

 Pregnancy 

 ASA class 4 

 History of allergy to sedatives that are used 

 Morbid obesity- relative contraindication 

PREMEDICATION 

30 minutes prior to the procedure anticholinergic drugs like 

glycopyrrolate or atropine should be administered. This reduces 

secretions and aids in better visualization. Nose needs to be packed with 
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topical anaesthetics and decongestants. This reduces irritation and 

provides easier access. 

In DISE we use pharmacologically induced sleep. Midazolam and 

propofol were used. Newer centers use dexmedetomidine as the primary 

agent for sedation. Dexmedetomidine has the advantage that it causes 

lesser respiratory depression and cardiovascular instability. It also better 

mimics natural sleep. 

Propofol is commonly used. It can be given as bolus dose or 

continuous infusion. In bolus technique a loading dose of 30-50 mg is 

given or 1mg/kg of body weight. If required the dose is increased by 10 

-20 mg every 2 minutes. 

The newer technique is target controlled anesthesia. It is claimed 

to have better accuracy, safety and stability. The main limiting factor for 

its use is availability and cost factor. In target controlled infusion, the 

dosing is starting dose of 1.5 – 3 micrograms/kg which is increased with 

0.2-0.5 micrograms/ml. 

Midazolam is another agent used. It is used with a bolus technique 

starting at a dose of 0.03mg/kg and increased at a rate of 0.015- 

0.03mg/kg. Some centers use combined midazolam and propofol 

technique. 
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TECHNIQUE 

The patient is made to lie supine. Sedation is administered. The 

surgeon stands at the head end of the patient on the right and waits till 

the snoring starts. Once the snoring starts, the flexible 

nasopharyngoscope is introduced through the wider nasal cavity. Scope 

is introduced into the nasopharynx and then oropharynx and the level of 

collapse is identified. The factors taken into consideration are  

 Level of obstruction 

 Degree of obstruction 

 The direction and pattern of obstruction 

Different scoring systems are published. 

VOTE system: (40) 

 ANTEROPOSTERIOR LATERAL CONCENTRIC 

V    

O    

T    

E    

Degree of obstruction is classified as 

“X – Not visualized 

1- None (less than 50% airway narrowing) 

2- Partial (50- 75% airway narrowing) 

3- Complete (more than 75% airway narrowing)”  
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VELUM 

Velum obstruction is denoted by obstruction caused by uvula, soft 

palate or lateral pharyngeal wall. The collapse is usually concentric or 

anteroposterior. 

 

OROPHARYNX 

At this level two structures are considered- tonsils and lateral 

pharyngeal tissues which include musculature and the parapharyngeal 

fat pads. The obstruction at this level is usually in the lateral direction 

but when there is a combination, a concentric collapse is also noted.  

TONGUE BASE 

The obstruction of the airway at this level is usually in the 

anteroposterior direction. 

EPIGLOTTIS 

The collapse of the epiglottis occurs in two directions- 

anteroposterior or lateral. The anteroposterior collapse is due to the 
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decrease in the structural integrity of epiglottis or due to a posterior 

displacement of the epiglottis against the posterior pharyngeal wall. 

Lateral collapse occurs due to decreased structural integrity producing a 

central vertically oriented crease. The collapse at epiglottis level can be 

primary or secondary. Secondary is due to pressure changes occurring 

because of obstruction at various higher levels. 

FUJITA CLASSIFICATION 

Type-1 : retro palatal collapse only 

Type-2 : both retro palatal and retro lingual collapse seen 

Type-3 :  only retro lingual collapse seen 

The other less used scoring systems are 

Pringle and croft (41) 

It is classified into 5 grades 

“Grade-1 : Simple palatal level snoring 

Grade-2 : Single palatal level obstruction 

Grade-3 : Palatal level obstruction with intermittent 

oropharyngeal involvement 

Grade 4 : Sustained multi-segment involvement 

Grade 5 : Tongue base level obstruction” 
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Camilleri et al (43) 

This is a simpler system which divides snorers into 3 categories  

“Category 1 – simple snorers 

Category 2- mixed snorers 

Category 3-non palatal- tongue base snorers” 

Quinn et al (44) proposed a system which denoted obstruction at 

levels of palate, tonsils, epiglottis and tongue base.  

NOHL scoring 

This was proposed by Vicini et al (45) 

This scoring is similar to VOTE. 

SITE 
Nose static 

obstruction 
Oropharynx 

Hypo 

pharynx 

Larynx 

Supraglottic 

glottic 

% 0-25%    -1    

 25-50%   -2    

 50-75%  -3    

 75-100%  -4    

Bachar et al (42) 

Five anatomical sites were documented. The 5 sites included 

nose/nasopharynx, uvula/palatine tonsil, tongue base, larynx, and 
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hypopharynx. The obstructions at each of these sites were classified a s 

no collapse, partial collapse and complete collapse.  

Gillespie et al (46) 

According to their classification, obstruction was documented at 

the following sites- palate, hypopharynx, tonsils, tongue base and 

epiglottis. At each level the obstruction was graded as no collapse, 

partial collapse or complete collapse. At the level of tongue base the 

lingual tonsils were also taken into consideration.  

Koo et al (47) 

This was a modified VOTE system. It had two major levels- retro 

palatal and retro lingual.  The retro palatal level had three subdivisions- 

palate, tonsil and lateral pharyngeal wall. The retro lingual level had 

three subdivisions – tongue base, lateral pharyngeal wall and epiglottis.  

Lateral cephalometry 

Lateral cephalometric radiographs have a role to identify the 

morphological characteristics that can contribute to obstructive sleep 

apnoea. (48) Lateral cephalograms are taken based on a standardized 

procedure. The patient is positioned in a cephalostat, the hyoid is fixed 

in position and a film is taken. The film is horizontally realigned and 

different measurements are taken. 

Different measurements taken are 

 Soft tissue measurements 
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 Cervical spine and hyoid 

 Oropharyngeal measurements 

 Soft palate and oral cavity 

 

MANAGEMENT OPTIONS IN OBSTRUCTIVE SLEEP 

APNOEA 

Mainly of 3 types 

 Medical management 

 Positional therapy 

 Surgical 

MEDICAL MANAGEMENT 

This includes 
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 Diagnosis and treatment of any associated systemic disorders  

 Weight reduction 

 Avoid alcohol 

 Review the drugs patient is taking (sedative medication should be 

avoided) 

 Nasal medication (intranasal steroid spray can be given)  

 Nasovent (a silastic splint that dilates nasal valve and reduces 

nasal resistance) 

 Topical decongestants and monteleukast in children 

Pharmacological therapy is aimed at increasing upper airway 

dilator muscle tone, ventilatory drive and cholinergic tone during sleep. 

It also aims to decrease REM sleep, airway resistance and surface 

tension. 

Modafinil 

It is a drug that acts as a central stimulant of post synaptic alpha1 

adrenergic receptors. It thus plays a role in promoting alertness.  

CPAP 

It is gold standard treatment for OSA. (49) 
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Patient wears a mask, which is connected to a pump which blows 

air at pressures at 7 -15 cm of water. It acts as a pneumatic splint and 

holds the walls of upper airway apart thus preventing collapse and 

obstruction. 

ADVANTAGES 

 Decreases blood pressure 

 Decreases daytime sleepiness 

PROBLEMS 

 Mask discomfort 

 Patient compliance 

 Claustrophobia 

 Air leak- drying of eye 

 Facial skin abrasions, discomfort 

 Loud noise 

 Sore throat 

 Nasal dryness and congestion 

 Difficult expiration 

Oral appliances (50) 

Indication 

 Non obese patient with retro/micrognathia 

 Mild – moderate OSA cases 
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Contraindications 

 Poor oral hygiene 

 Periodontal problems 

 Insufficient tooth support 

 Tempero-mandibular joint disorders 

Tongue retaining devices 

Holds tongue forward by suction created by squeezing the air out 

of a plastic bulb, inserting the tongue and then releasing the bulb  

Mandibular positioning device (51) 

The device has an upper and lower gum shield fixed together so 

that mandible is protruded and held forward. It advances base of tongue 

to increase airway. The device advances and raises hyoid, tightening the 

patient‟s musculature to decrease collapsibility. It stretches masseter 

and stimulates geniculate ganglion. It increases the patency of upper 

airway, increases dimensions and decreases collapsibility during sleep. 

Progressive mandibular protrusion can be done to ensure efficiency. It is 

cost effective and has better compliance.  

ADVERSE EFFECTS OF MANDIBULAR DEVICES 

Short term 

 Increased salivation 

 Mouth dryness 

 Tooth pain 
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 Gum irritation 

 TM joint discomfort 

Long term 

 Increased facial height 

 Increased mouth opening 

 Increased mandibular plane angle 

 Change in inclination of incisors 

SURGICAL TREATMENT OPTIONS 

Nasal surgery 

 Nasal septoplasty 

 Inferior turbinate reduction 

 Adenoidectomy 

 Nasal tumor or polyp reduction 

 Nasal valve reconstruction 

Palatal surgery 

 Palatal radiofrequency ablation 

 Pillar implants 

 Injection snoreplasty 

 Tonsillectomy 

 Uvulopalatopharyngoplasty 

 Zetaplasty 
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 Trans palatal advancement of pharyngoplasty 

Hypopharyngeal surgery 

 Lingual tonsillectomy 

 Partial midline glossectomy 

 Tongue base radiofrequency ablation 

 Mandibular osteotomy and genioglossal advancement  

 Hyoid myotomy and suspension 

 Tongue suspension suture 

 Maxillomandibular osteotomy and advancement 

Indications for surgery 

 Patients with AHI of 5 -15 with excessive daytime sleepiness 

 AHI >15 (moderate and severe OSA) 

 Lowest desaturation <90% 

 UARS preferably with objective improvement of neurocognitive 

dysfunction and medical therapy 

 Significant cardiac arrthymias associated with obstructive 

symptoms 

 Unsuccessful medical treatment and patient urges for surgery  

 Patients should be medically fit to undergo the surgical procedure  
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 Patients who are morbidly obese 

 Patients who cannot tolerate a CPAP 

 Morbidly obese patients along with coexisting pickwickian 

syndrome to obtain an upper airway bypass 

 Other treatment options have failed. 

 Certain group of patients may also require a bariatric surgery 

associated with the sleep apnoea surgery. The indications of 

bariatric surgery include 

When BMI>40 

BMI>35 associated with significant comorbidities.  

Contraindications for surgical treatment include 

 Severe medical illness- pulmonary disease or cardiovascular 

instability 

 Morbid obesity 

 Alcohol or drug abuse 

 Psychiatric instability 

Depending on the level of obstruction different surgeries can be 

done. The level of obstruction is determined pre operatively with the 
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help of dynamic MRI and DISE and accordingly the type of surgery is 

chosen. 

Palatal procedures include 

 Zetapharyngoplasty 

 Uvulopalatopharyngoplasty and its modifications 

 Palatal implants 

Lateral pharyngeal wall procedures include 

 Lateral pharyngoplasty 

 Expansion sphincteroplasty 

Procedures for an epiglottic collapse include- endoscopic 

epiglottectomy 

Trachea- temporary tracheostomy 

If the patient is having craniofacial abnormalities, correction 

should be aimed at the correction of these bony abnormalities. The 

procedures include 

 Maxillomandibular advancement 

 Hyoid myotomy and suspension 

UVULOPALATOPHARYNGOPLASTY 

First palatal procedure developed for OSA. In 1981, it was Fujita 

et al who first proposed this surgical procedure. (52) The concept is to 
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reduce palate and pharyngeal redundancy by excising the excess palatal 

and pharyngeal mucosa and sub mucosa after doing a tonsillectomy.  

In general patients with large tonsils, elongated uvula and palatal 

redundancy position who do not have hypopharyngeal narrowing or 

tongue enlargement are the group who can be considered for an 

uvulopalatopharyngoplasty alone. When performed alone this surgery 

has a low success rate. This surgery is usually performed as a part of 

multilevel approach. 

TECHNIQUE 

Procedure is performed under general anaesthesia. Mouth gag i s 

placed next. An incision is made on the soft palate. Tonsillectomy is 

done on both sides. It can be a conventional tonsillectomy or a coblation 

tonsillectomy. The mucosa over the incision first made is teased off. 

When the uvula is reached, the vertical incision is carried close to its 

base. The uvular muscle is transected and partially removed. The ventral 

mucosal flap is then retracted and an oblique incision is made at the 

junction of posterior pillar and soft palate on both sides. Next step is 

closure; it begins at the oblique incisions at the posterior pillar. The 

corners of this flap are sutured onto superior aspect of anterior pillar and 

lateral aspect of tonsillar fossa. Suturing is continued onto the palate 

and uvula, approximating the mucosal edges. 
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COMPLICATIONS (53) 

 Airway obstruction can occur perioperatively 

 Hypertension can lead onto other cardiopulmonary complications  

 Velopharyngeal insufficiency- it is usually transient 

 Bleeding 

 Wound dehiscence 

 Pain 

 Dryness of throat 

 Change in voice 

 Nasopharyngeal stenosis 

Various modifications of the traditional 

uvulopalatopharyngoplasty have been proposed. Woodson (54) proposed 

a palatal advancement with pharyngoplasty, in this technique the soft 

palate is elevated by advancing it towards the hard palate ; this preserves 

the functions of the palate. The Z- palatoplasty technique was used in 

patients without tonsillar hypertrophy and elongated palate. Pirsig 

describes a method where there is complete preservation of 

palatoglossus, palatopharyngeus and uvular muscles. 

ZETAPALATOPHARYNGOPLASTY 

It is done in patients with stage 2 and stage 3 according to 

Friedman. This technique is also found to be useful in patients who have 
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undergone previous tonsillectomy, (55) people with small tonsils and 

those who have an unfavorable tongue position. The goal of 

zetapalatopharyngoplasty is to widen the space between palate and 

tongue base and to maintain or widen the lateral dimensions of pharynx.  

TECHNIQUE 

Two adjacent flaps are outlined in the palate. The anterior midline 

margin is halfway between hard palate and free edge of soft palate and 

the distal margin corresponds to free edge of palate and uvula. The 

lateral extent is till the lateral extent of palate. The mucosa from the 

anterior aspects of the mucosa is removed. The flaps are separated by 

splitting the palatal segment down the midline extending them laterally 

in a butterfly fashion, dividing the palatoglossus muscle.  

 

Then a two layer closure is done. First closure is done at the level 

of sub mucosa. The next closure is a tension free closure of the mucosa. 

The lateral dimension of the palate increases by 4cm with this 

procedure. 
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COMPLICATIONS  

 Bleeding 

 Velopharyngeal dysfunction 

 Throat dysfunction 

EXPANSION SPHINCTER PHARYNGOPLASTY 

It is done in patients with lateral pharyngeal muscle flap closure. 

The procedure consists of a tonsillectomy, expansion pharyngoplasty, 

followed by rotation of palatopharyngeus muscle, a partial uvulectomy 

accompanied with a closure of anterior and posterior pillars. (56)  

TECHNIQUE  

The procedure is performed under general anaesthesia. Next 

Boyle Davis mouth gag is introduced to keep mouth open. Then bilateral 

tonsillectomy is done. The palatopharyngeus muscle is identified and its 

inferior end is transected horizontally. The muscle is isolated with its 

attachment to the posterior horizontal superior pharyngeal constrictor 

muscle. Next the muscle is rotated superolaterally with a figure of eight 
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suture, through the muscle bulk itself. Next an incision is made on the 

anterior pillar on both sides. The palatopharyngeus muscle is attached to 

the muscle fibers of palatoglossus muscle. Next partial uvulectomy is 

done. Finally, the anterior and posterior pillars are apposed.  

ADENOTONSILLECTOMY 

Tonsillectomy can improve the CPAP compliance and reduce the 

airway pressures needed in CPAP. Tonsillectomy alone when performed 

in patients with tonsillar hypertrophy it is found to have good response. 

(57)  Different methods can be used for adenotonsillectomy. The 

different methods are standard cautery, bipolar cautery, conventional 

dissection and snare, harmonic scalpel, coblation, microdebrider.  

 

LATERAL PHARYNGOPLASTY 

The ideal candidates for this procedure are those with a bulky 

posterior pillar with a soft palate that does not touch the posterior 

pharyngeal wall. 
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TECHNIQUE 

The procedure is performed under general anaesthesia. Mouth is 

kept open with the mouth gag. Then bilateral tonsillectomy is done. The 

palatoglossus and palatopharyngeus muscle is visualized. Through an 

incision the palatoglossus muscle is removed from the lateral free oral 

margin of soft palate and anterior pillar. This exposes the superior 

constrictor muscle. Next we elevate superior constrictor from the 

tonsillar fossa area. The fibers of superior constrictor are elevated from 

the pharyngeal wall. Two flaps are created- one medially based flap and 

a laterally based flap. The laterally based flap is then sutured to the 

palatoglossus muscle. The lateral wall is splinted along the entire 

collapsible pharynx. Finally, the palatopharyngeus is sutured to the 

remnants of palatoglossus muscle. 

COMPLICATIONS 

 Bleeding 

 Infections 

 Wound dehiscence 

 Post-operative pain 

 Swallowing difficulty 

 Mild velopharyngeal insufficiency 
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TONGUE BASE PROCEDURES 

PARTIAL MIDLINE GLOSSECTOMY 

The surgery aims at creating a larger retro lingual airway by 

removal of midline rectangular strip of posterior half of tongue. When 

this surgery is combined with UPPP reported success rates vary from 

25% to 77%. (58) 

LINGUAL PLASTY 

In this procedure, additional tongue tissue is removed posteriorly 

and laterally to the portion excised in partial midline glossectomy.  

RADIOFREQUENCY ABLATION OF TONGUE 

This procedure aims at tongue base reduction by generation of 

scar tissue. This delivers radiofrequency energy at 456 kHz. The 

ablation is done at several areas of the tongue base and produces 

coagulation necrosis of the tongue base and healing by scar formation. It 

can be done as an outpatient procedure. The disadvantage of this 

procedure is that it requires multiple sittings. 

LINGUAL TONSILLECTOMY FOR LINGUAL TONSILLAR 

ENLARGEMENT 

Lingual tonsillar hypertrophy is another factor which contributes 

to the hypopharyngeal collapse. But lingual tonsillectomy as a sole 

procedure does not have much benefits. But lingual tonsillectomy along 

with adenotonsillectomy in pediatric population has reported to cause 

significant reduction in AHI. (59) 
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AIMS AND OBJECTIVES 

PRIMARY OBJECTIVE  

To assess the surgical outcome of patients who have undergone 

any surgery for obstructive sleep apnoea in our department. 

SECONDARY OBJECTIVE  

 To assess the quality of life of these patients after treatment.  
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MATERIALS AND METHODS 

Design of Study: Before- after analysis 

Period of Study: 2016-2018 

Place of Study: Upgraded Institute of Otorhinolaryngology, Rajiv 

Gandhi Government General Hospital.  

Ethical Clearance:  Obtained 

Financial Support: Nil 

SAMPLE SIZE 

All patients with complaints suggestive of obstructive sleep 

apnoea meeting the inclusion criteria were included in the study.  

METHODOLOGY 

All patients with complaints suggestive of obstructive sleep 

apnoea is initially assessed with overnight polysomnography. Then they 

are further evaluated with drug induced sleep endoscopy to detect the 

site of obstruction and accordingly surgery is planned. Prior to surgery 

patients are assessed using Epworth‟s sleepiness scale and berlin 

questionnaire. Then surgery is undertaken and then postoperatively at 

3months patients are again assessed with overnight polysomnography 

and Epworth‟s scale and Berlin Questionnaire.  
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Written informed consent was obtained from all participating 

subjects and their privacy was ensured.  

SUBJECT SELECTION 

Inclusion Criteria 

 Age: 10-50 years 

 Both sexes 

 Should undergo any of the surgical methods for sleep apnoea  

     Exclusion Criteria 

 Age: less than 10 years and more than 50 years 

 Patients undergoing lifestyle modification alone 

 SCREENING PROCEDURES 

Prior to surgery, overnight polysomnography and drug induced 

sleep endoscopy is done to decide on the type of surgery to be done. 

Surgical management of the patients was done and then they were 

assessed. 

STUDY DESIGN 

Patients undergoing surgical management of obstructive sleep 

apnoea syndrome were assessed using overnight polysomnography, 

Epworth‟s sleepiness scale and Berlin questionnaire.  

Based on the polysomnography  

A 50% reduction in the apnoea hypopnea index was taken as 

success. 
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In the Epworth‟s scale a score of less than 10 was considered as 

low risk. 

In Berlin Questionnaire, a score of less than 4 was considered as 

low risk. 

 The data obtained was analyzed by 

Continuous variables like age were represented in mean and 

standard deviation. 

Categorical variables like gender were represented in frequencies 

and percentages. 

Comparisons of continuous variables before and after surgery 

were done using paired sample t test after checking for normality.  

Comparisons of categorical variables before and after surgery 

were done using Mc Nemar Chi-square test. P- Value less than 0.05 was 

considered statistically significant.  
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RESULTS 

GENDER DISTRIBUTION 

In this study, there were totally 43 patients of which 40 were 

males and three were females. 
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AGE DISTRIBUTION 

In the study, people of the age group 10- 50 years were 

considered. The mean age of the patients was 38.26. The minimum age 

was 12 years and the maximum age was 49 years. 

Sl. No. Age Category Frequency Percentage 

1. 10to19 3 7.0 

2. 20to29 3 7.0 

3. 30to39 10 23.3 

4. 40to49 27 62.8 

5. Total 43 100.0 
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DISTRIBUTION ACCORDING TO DISEASE SEVERITY 

The obstructive sleep apnoea disease severity was classified on 

the basis of the AHI scores of the patients. Patients with AHI 5 -15 were 

grouped as mild OSA, 15-30 were grouped as moderate OSA and those 

with AHI more than 30 were grouped as severe OSA. 4 people had mild 

OSA.  15 patients had moderate OSA, of these 2 were females. 24 

patients had severe OSA, among them 1 was a female. The maximum 

AHI value noted in the study was 88.5. 
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DISTRIBUTION ACCORDING TO BMI 

The patients were compared based on their BMI. The WHO 

classification for BMI for Asian population was used.  1 Patient had 

normal BMI (18.5-24.9). Majority patients had BMI in the overweight 

category. 

 

 



 67 

COMPARISON OF AHI AND ESS 

When AHI and ESS was compared pre-operatively it was noted 

that all cases with moderate and severe OSA based on AHI were found 

to be in the high risk category based on ESS. 

Distribution according to DISE findings 

Pre- operatively, DISE was done for 40 patients. DISE was not 

done for patients in the age group less than 18 years. The patients were 

classified based on the VOTE system. 

 

In the study it was noted that velopharynx was the most common 

site of obstruction as it was seen in 24 patients. There were no cases of 

epiglottic collapse in the study. 8 patients had collapse at the level of 

velopharynx and tongue base. 
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DISTRIBUTION ACCORDING TO TYPE OF SURGERY 

DONE 

The type of surgery to be done was based on the dynamic MRI 

and DISE findings. In the 43 patients in the study, 25 (58%) underwent 

zetapalatopharyngoplasty, 9 (21%) of them underwent 

uvulopalatopharyngoplasty with tongue base reduction, 6 underwent 

expansion sphincteroplasty and 3 of them underwent coblation 

adenotonsillectomy. 
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COMPARISON OF PRE-OP AND POST-OP AHI 

The AHI of the patients were compared pre-operatively and post- 

operatively at 3 months. A 50% reduction in AHI was considered as 

success in the study. 

 

In the study, 30 cases (69.76%) showed success according to the 

50% reduction in AHI criterion. 13 cases showed a reduction in AHI but 

in did not meet the 50% criterion. The mean pre-op AHI was 48.12 

COMPARISON OF MEAN AHI SCORE AMONG 

POPULATION BEFORE AND AFTER SURGERY 

The mean AHI score among study population before surgery and 

after surgery were 48.12 and 27.34 respectively with a mean difference 

of 20.77. This difference was found statistically significant using paired 

samples T- test with P-value of <0.001. This is represented in the table.  



 70 

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. Pre-

op 

AHI 

48.120930 43 20.7792565 3.9008000 

28.009069 <.001 
2. Post-

op 

AHI 

27.341860 43 19.4311266 2.9632190 

TYPE OF SURGERY AND REDUCTION IN AHI 

In the study 25 patients who underwent zetapalatopharyngoplasty, 

18 patients had a 50% reduction in AHI. Among those who underwent 

expansion sphincteroplasty 66% success rate was reported. In patients 

who underwent UPPP with tongue base reduction a success rate of 55% 

was found. Coblation adenotonsillectomy was done in 3 pediatric 

patients and it had a success rate of 66%. 
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COMPARISON OF AROUSAL INDEX 

The mean arousal index was calculated pre and post-operatively. 

The mean pre-operative index was 30.9. This reduced to 16.23 post - 

operatively. A mean difference of 14.67 was observed which was found 

to be statistically significant. 

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. 

Arousal 

index pre-

op 

30.906977 43 9.7834261 1.4919585 

14.67441 <.001 

2. 

Arousal 

index 

post-op 

16.232558 43 8.1922356 1.2493042 

 

COMPARISON OF LOWEST OXYGEN DESATURATION 

The lowest oxygen desaturation values before and after surgery 

were analysed. A statistically significant difference was obtained 

between the two values. The time spent in lowest desaturation also 

decreased. 

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 
P- value 

1. 
Pre op low 

OD 
69.44 43 10.452 1.594 

-12.419 <.001 

2. 
Post op 

low OD 
81.86 43 7.501 1.144 
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COMPARISON OF PRE-OP AND POST –OP SNORING 

The mean pre-operative and post-operative snoring was assessed 

and a statistically significant difference in the mean values was noted.  

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. Pre op 

snoring 
507.19 43 297.247 45.330 

330.140 <.001 
2. Post op 

snoring 
177.05 43 156.907 23.928 

 

COMPARISON OF PRE-OP AND POST –OP BMI 

When the mean BMI was compared pre-operatively and post 

operatively a statistically significant difference was obtained.  

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. 
Pre op 

BMI 
28.67 43 2.634 .402 

2.023 <.001 

2. 
Post op 

BMI 
26.65 43 2.349 .358 
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COMPARISON OF EPWORTH’S SLEEPINESS SCALE 

In the study an Epworth‟s score of less than 10 was considered as 

low risk. Accordingly 32 patients were found to have low risk after 

surgery. 

 

The mean ESS reduced from a mean pre-operative value of 18.84 

to a mean value of 8.58 post operatively.  

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. Pre op ESS 18.84 43 5.6734 3.866 

10.256 <.001 
2. 

Post op 

ESS 
8.58 43 3.78 2.736 
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COMPARISON OF BERLIN QUESTIONNAIRE SCALE 

In this questionnaire a value of less than 4 was considered as low 

risk. The mean pre-op BQS was 8.16. This reduced to a mean of 3.56 

post- operatively. Of the 43 patients who were studied 37 patients fell 

into the low risk category after surgery.  

 

Sl. 

No. 
 Mean N 

Std. 

Deviation 

Std. 

Error 

Mean 

Mean 

Difference 

P- 

value 

1. 
Pre op 

BQS 
8.16 43 1.430 .218 

4.605 <.001 

2. 
Post op 

BQS 
3.56 43 1.680 .256 
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CROSS TABULATION OF DISEASE SEVERITY PRE-OP VS. 

DISEASE SEVERITY POST-OP 

Out of the 43 patients undergoing surgery, disease severity using 

AHI before surgery was severe among 24 and after surgery it is mild 

among 25 patients. This difference is statistically significant with p -

value of <0.001 using Mc Nemar Chi-Square test. This is represented in 

the following table 

Table: Comparison between Disease severity before and after surgery 

 

Disease severity post-op 

Total 

P- value 

(Test 

Value in 

brackets) 
mild moderate severe 

Disease 

severity 

pre-op 

Mild 4 0 0 4 <0.001 

(31.00) 

(Chi-

Square- 

McNemar 

test used.) 

Moderate 14 1 0 15 

Severe 7 10 7 24 

Total 25 11 7 43 

When the disease severity was assessed pre-operatively and post-

operatively with the help of AHI, pre-operatively 25 patients belonged 

to severe OSA and 15 of them belonged to moderate category. Post -

operatively this came down to 7 patients in severe ca tegory and 11 

patients in moderate category. This denotes that even though 50% 

reduction in AHI did not occur, all cases showed a reduction in AHI 

compared to the pre-operative value. 
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CROSS TABULATION OF PRE-OP ESS VS. POST-OP ESS 

  Post-op ESS 
Total P- value 

  abnormal normal 

Pre-op ESS 
abnormal 11 30 41 <0.001 

(Chi-Square- Mc 

Nemar test used. 

Binomial 

distribution used) 

normal 0 2 2 

Total 11 32 43 

When the disease severity was assessed based on the ESS, a score 

of less than 10 was considered as normal for the study. Pre-operatively, 

41 patients had an abnormal ESS. This reduced to 11 patients post -

operatively. The values were found to be statistically significant . 

CROSS TABULATION OF PRE-OP BQS VS. POST-OP BQS 

 

Post-op BQS 

Total P- value High 

risk 

Low 

risk 

Pre-op 

BQS 

High 

risk 
6 35 41 

<0.001 

(Chi-Square- Mc 

Nemar test used.  

Binomial distribution  

used) 

Low risk 0 2 2 

Total 6 37 43 

The patients were assessed based on their BQS pre and post –

operatively and the disease severity was assessed based on this. Pre-

operatively, 41 patients belonged to the high risk category. Post –

operatively, this reduced to 6 patients falling in the high risk category. 

This indicates that patients have a significant difference in their 

subjective symptoms post- operatively. 
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DISCUSSION AND REVIEW OF LITERATURE 

In the study majority of the patients were males (93%). This data 

correlates with that of the khan et al (60) who conducted a study in 63 

patients of which 83% were males. This correlates with the 

epidemiological studies conducted all of which show an increased 

predilection for OSA among males. The reason for this has not been 

clearly defined. Hormonal variations and anatomical variations in the 

airway anatomy seem to have a role in this.  

The age group included in the study was 10-50 years. The 

majority fell into the 40-50 age groups (62.8%). This correlates with the 

Kim et al (61) who reported that males in the age group 40-60 were 

affected with OSA. 

In the study group, the mean AHI was 48.12. So majority of our 

patients had severe OSA. This correlates with the results of Mohan 

Kumar et al (62) which also showed a mean AHI of 41.7 of which 

majority of the patients fell into the category of severe OSA.  

The mean pre- op BMI in the study was 28.67. A BMI of more 

than 25 has a 58% increased risk of development of OSA according to 

the study conducted by Young T et al. (63) 
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All patients in the study had preoperative snoring. This correlates 

with the Whyte KF et al. (65) 

The severity of obstructive sleep apnoea was assessed by the AHI 

score. In the study, 15 patients had moderate OSA, of these 2 were 

females. 24 patients had severe OSA, among them 1 was a female.  

DISE was done pre-operatively in the study to assess the level of 

obstruction. The VOTE system was used to assess the level of 

obstruction in the study. The most common site of obstruction in the 

study was the velopharynx. (60%) This was followed by oropharynx and 

then tongue base. No cases of epiglottic collapse were noted in the 

study. 

In the study, 4 types of surgeries were undertaken which include 

zetapalatopharyngoplasty, coblation adenotonsillectomy, 

uvulopalatopharyngoplasty with tongue base reduction and expansion 

sphincteroplasty. The type of surgery was chosen based on the level of 

collapse detected by DISE. The patients with velopharynx collapse alone 

were treated with zetapalatopharyngoplasty. There were 8 patients in the 

study who presented with both oropharynx and tongue base collapse. 

They were treated with uvulopalatopharyngoplasty along with 

radiofrequency ablation of tongue base. 6 patients presented with lateral 

collapse at the level of oropharynx, they were treated with expansion 

sphincteroplasty. There were three children in the study who presented 
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with adenotonsillar enlargement. They were treated with coblation 

adenotonsillectomy. In the study maximum success rate was noted for 

zetapalatopharyngoplasty. (72%) This was followed by expansion 

sphincteroplasty and coblation adenotonsillectomy. Both of which had a 

success rate of 66%. This was followed by UPPP with tongue base 

reduction which had a success rate of 55%. The higher rate of success of 

coblation adenotonsillectomy could be because all of the three cases in 

which it was done were pediatric cases in whom only adenotonsillar 

enlargement was present. The tongue base reduction procedure adopted 

in the study was radiofrequency ablation of tongue base. The low 

success rate would warrant the need of other tongue base procedures.  

In the study, 30 cases (69.76%) showed success according to the 

50% reduction in AHI criterion. The mean AHI score among study 

population before surgery and after surgery were 48.12 and 27.34 

respectively with a mean difference of 20.77. The difference was found 

to be statistically significant. When the disease severity was assessed 

pre-operatively and post-operatively with the help of AHI, pre-

operatively 25 patients belonged to severe OSA and 15 of them 

belonged to moderate category. Post-operatively this came down to 7 

patients in severe category and 11 patients in moderate category. This 

denotes that even though 50% reduction in AHI did not occur, all cases 

showed a reduction in AHI compared to the pre-operative value. 
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13 patients in the study did not meet the 50% reduction in AHI 

criteria. When the mean AHI value was considered, the mean AHI in the 

failure group was 42.1. All the cases showed a reduction in AHI values. 

All the patients in this group had a subjective improvement in their 

symptoms. This was demonstrated by an improvement in their Epworth 

score and Berlin questionnaire scores. Post- operatively DISE was done 

for a few of these patients and it was noted that concentric collapse had 

changed to a lesser degree lateral collapse in 5 of these patients. Another 

important factor in determining the success is the BMI of the patient. 

Patients who are very obese with no reduction in BMI post-operatively 

had a poor surgical outcome. The lower success rate also highlights the 

need of multilevel surgery. The airway collapse in an OSA patient can 

occur at multiple levels. So, even though the collapse at one level is 

corrected there may be persisting airway collapse at a different level 

which could be the cause for the high AHI value post -operatively. So 

before proceeding with surgery a thorough assessment of the patient at 

all levels including nasal, oropharyngeal and hypopharyngeal levels 

should be done. The correction of bony or the cranio-facial 

abnormalities should be looked into, because if there is a bony 

abnormality, even though the soft tissue component is corrected it can 

lead to poor surgical outcomes. 

The arousal index also had a statistically significant decrease 

post-operatively compared to the preoperative values. The mean arousal 
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index pre-operatively was 30.9. This came down to 16.4 post-

operatively. This indicates that the subjects sleep pattern has improved 

considerably. The sleep architecture improves considerably with more 

time spent in higher sleep stages. This was also denoted by the better 

lowest oxygen desaturation values after surgery. The snoring also 

decreased considerably. The mean pre-op snoring was 507.2. This came 

down to 177 and the difference was statistically significant with a p 

value of <.001. 

The Epworth scale showed a mean of 18.84 preoperatively. This 

decreased to 8.56 post -operatively. According to the Berlin 

Questionnaire 86% patients reported an improvement in their snoring 

symptoms in the study. This shows that even though surgery in OSA 

fails to improve the AHI patients feel a subjective improvement in their 

symptoms. After 5 months when ESS was calculated in the study group, 

30 patients belonged to the low risk group.  

According to a study conducted by Mohan Kumar V et al (62) in 

34 patients, the gender distribution was similar to our study. The study 

had 85.3% males. The level of obstruction was found to be at the level 

of velum in 52.9% patients. The mean pre op AHI was 41.73. The mean 

post-op AHI at the end of 3 months postoperatively was 16.92. The 

mean ESS in this study preoperatively was 16.41. This reduced to 5.14 

at 3 months post-operatively. 
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The most common site of obstruction in the study was the 

velopharynx. (60%) This correlates with the study conducted by Herder 

et al (64). In this study in 127 patients, he reported that 63% had single 

level obstruction and only 37% had multi-level obstruction. 

Baradaranfar et al (66) conducted a study on 48 patients in Iran. 

He chose patients with failed CPAP therapy and positive Muller‟s 

manoeuvre. Pre op polysomnography was done and ESS was calculated. 

The patients underwent UPPP and were assessed at 6 months with repeat 

polysomnography. According to the 50% reduction in AHI and AHI<20 

criteria, he reported a success rate of 64.6%. 

According to a study conducted by Jumroon Tungkeeraichai et al 

(67) on 60 patients for whom multi-level surgery was done, the AHI 

reduced from 57.5 to 29.7 at 3 months postoperatively. The mean pre-op 

lowest oxygen desaturation was 79.1. This increased to 84.4% post -

operatively. In this study also there was a male predominance (83.3% 

males) similar to our study. This study reported a 58.3% success rate 

when success was defined as a 50% reduction in AHI or an AHI of less 

than 20 events per hour. 

Tschopp et al conducted a similar study and reported that AHI and 

tonsillectomy were the most important predictive factors. 
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According to the study conducted by Pang et al (56) expansion 

sphincteroplasty has a better success rates compared to 

uvulopalatopharyngoplasty. Sorrenti et al (72) also reported similar 

findings. 

Choi et al (68) conducted a study in 20 patients who underwent 

UPPP. The patients were assessed with polysomnography, ESS and a 

Likert scale. According to the 50% reduction in AHI criteria, he 

reported a 55% success rate. They also reported an improvement in the 

subjective symptoms. 

Tanyeri et al (69) conducted a study in 32 patients who underwent 

UPPP. Polysomnography and ESS were assessed pre and post 

operatively. The patients were followed up for 36-96 months with a 

mean follow up period of 56 months. According to the 50% reduction in 

AHI values criteria, 46.9% patients had a successful outcome. Excessive 

daytime sleepiness decreased in 22 patients. Soring was assessed and it 

disappeared in 83% of the patients.  

Browaldh et al (70) conducted a study in 65 patients of which 32 

patients underwent UPPP and the rest 33 patients had conservative 

management for 6 months after which they underwent UPPP. The 

patients in the intervention group reported a decrease in AHI from 53.3 

to 21.1 at 6 months post-operatively. While in the control group there 



 84 

was a reduction from 52.6 to 46.8. So this trial emphasized the role of 

surgical management in the treatment of OSA. 

Goktas et al (71) conducted a study in 25 patients who underwent 

laser assisted uvulopalatopharyngoplasty. He did an 11 year follow up of 

these patients. According to this study 40% were cured of their disease. 

No change was observed in 12% and the remaining 48% had a 

deterioration of their symptoms. The comparison of the mean AHI‟s had 

only a slight improvement. The mean pre-op AHI was 25.425 which 

decreased to 23.62 post- operatively at 11 years. This study emphasized 

the need of long term follow up of the surgical candidates of OSA. Most 

of the recent studies show only short term follow up periods and are 

reported to have good success rates. Light needs to  be thrown on the 

long term effects of surgery and the role it has to play in the long term 

survival of these patients. 

In a study conducted by Suslu AE et al (73) on 28 patients he 

assessed the efficacy of expansion sphincteroplasty. He reported a 

decrease in AHI in 78.6% patients. He also showed that a successful 

expansion sphincteroplasty will decrease the sympathetic activity of 

heart and this will in turn cause a reduced risk of cardiovascular events 

in future. 

Braverman et al (74) studied the effect of coblation 

adenotonsillectomy in 43 children who suffered from OSA. In this study 
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a quality of life survey which is an 18 item questionnaire was used for 

the diagnosis of OSA. According to the study none of the children had 

symptoms post- operatively. 

Friedman (75) also reported a study in 2008 in which he presented 

a 5 year retrospective study on 159 children who underwent 

adenotonsillectomy for OSA. He reported a fall in the mean AHI from 

17.8 pre- operatively to 3.3 post- operatively. 
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SUMMARY 

Obstructive sleep apnoea is now being recognised as a common 

problem. More people are being aware of the fact that simple snoring 

can have devastating long term complications. This disorder has a 

prevalence of 2- 4% among the middle aged population.(77) 

In the study it was observed that obesity and male sex are 

important risk factors in the development of obstructive sleep apnoea 

syndrome. 

In the study 4 surgeries were done which includes 

zetapalatopharyngoplasty, expansion sphincteroplasty, uvulopalato -

pharyngoplasty with tongue base reduction and coblation 

adenotonsillectomy. The surgeries were chosen based on the level of 

obstruction found with the help of DISE. In the study a poor success rate 

was observed for uvulopalatopharyngoplasty. So uvulopalato -

pharyngoplasty should not be adopted as a sole treatment protocol.  

In the study both the subjective and the objective assessment of 

the patients were done. The polysomnography and AHI measurement 

served to assess the objective component and the Epworth‟s sleepiness 

scle and Berlin questionnaire assessed the subjective symptoms of the 

subjects. . Both objectively and subjectively a decrease in the disease 
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severity was noted in the study. All surgical procedures showed both 

subjective and objective improvement.  

The major limitations of the study include the limited sample size 

and the short follow up period. A longer follow up period is required to 

correctly assess the effects of these surgical procedures on the airway. 

In this surgery a single modality of surgery was performed. A multilevel 

surgery can contribute to a better success rate in patients of obstructive 

sleep apnoea. 

To conclude, in the study it was observed that when the surgical 

technique was chosen based on the level of obstruction and surgery was 

done, it made a significant improvement in the life of patients.  
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1.Dillirajan 47/M 22.5 27 12 7 32.6 64 1009 11.1 25 5 2 12.4 82 502 

2.Ellapan 39/M 32.4 30 18 10 84 55 735 12.1 26 3 2 41.8 68 58 

3.Baskar 39/M 19.3 28 16 9 45.5 76 476 8.2 26 8 2 13.8 88 102 

4.Ismail 42/M 40.6 31 21 10 68.8 59 102 16.3 30 12 3 60.1 68 53 

5.Satish 31/M 34.9 33 20 10 78.6 56 168 14.3 29 7 2 35.4 84 11 

6.Dinesh 35/M 39.4 34 23 9 79.2 45 389 32.1 32 12 5 77 60 281 

7.Kandhan 30/M 19.2 26 15 6 12.9 77 305 10.0 25 7 1 9.3 77 12 

8.Poovarasan 13/M 14.2 28 6 4 7 82 35 6.2 27 4 1 1.5 92 7 

9.Victor 40/M 40.3 32 21 7 88.4 60 802 30.2 30 12 4 57.9 67 54 

10.Sampath 48/M 42.1 33 23 9 58.5 68 334 38.1 31 7 3 53.4 90 21 

11.Marimuthu 29/M 35.2 26 12 7 20.1 87 121 13.2 24 4 1 7.7 89 31 

12.Ajay 14/M 12.2 27 10 4 8.1 85 105 4.9 25 4 1 2.5 92 12 

13.Arumugam 38/M 39.8 29 21 7 68.2 76 831 14.2 26 8 2 30.1 91 105 

14.Sivalingam 42/M 38.9 28 18 9 75 72 821 30.7 27 12 3 62.5 77 201 

15.Mariyappan 42/M 37.5 36 19 9 73.5 72 971 32.5 34 13 7 70.1 79 449 
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16.Murugan 24/M 36.9 33 19 9 65.2 78 531 14.2 28 10 2 32.1 92 105 

17.Kumarakris    

-hnappa 

46/M 19.3 28 16 7 60.1 83 432 5.9 24 5 2 28.3 91 96 

18.Manikandan 40/M 22.3 27 19 8 21.4 80 1190 16.9 26 7 3 14.9 82 342 

19.Patchayappan 42/M 12.3 28 18 7 16.4 74 407 7.8 25 7 3 7.5 88 217 

20.Saraswathy 49/ 

F 

22.9 29 20 8 58.9 57 439 10.2 26 9 3 22.9 78 210 

21.Shahjahan 40/M 36.8 28 21 8 36 76 590 15.2 27 12 3 24 83 390 

22.Karuppan 43/M 33.2 26 21 9 24.1 80 145 14.3 26 7 3 11.2 82 32 

23.Annamalai 34/M 19.2 24 23 9 18.1 78 339 13.2 24 12 6 15.5 82 239 

24.Shankar 39/M 38.2 29 23 9 68.9 51 1164 17.2 25 5 2 25.3 83 264 

25.Srinivasan 48/M 40.2 32 22 9 56.1 68 582 20 30 13 3 38.2 74 201 

26.Dilli 47/M 42.1 28 23 10 88.2 61 692 17.2 26 10 3 40.3 82 321 

27.Udhayakumar 44/M 37.9 29 23 8 27.1 68 433 19.8 26 8 5 15.2 83 101 

28.Saran 24/M 29.5 26 18 6 24.1 58 162 14.3 25 8 2 8.5 84 21 

29.Ganesh 40/M 40.2 28 17 7 72.4 58 278 18.5 26 8 3 34.9 78 78 

30.Venketesan 43/M 29.4 28 19 8 32.4 75 592 12.8 26 11 2 14.3 91 72 
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31.Suresh 

Kumar 

40/M 38.6 30 23 9 56.7 49 504 31.2 29 12 3 48.8 67 441 

32.Vijay 45/M 26.7 27 19 7 25.4 80 282 12.9 26 8 3 11.5 87 82 

33.Soundari 42/F 39.8 27 22 9 76.1 62 689 18.4 25 10 3 32.1 82 202 

34.Vijayakumar 48/M 28.9 29 20 8 39.4 72 601 14.3 27 9 4 18.1 85 96 

35.Savithri 38/F 17.9 28 22 8 20.2 68 498 8.2 26 8 4 9.5 81 158 

36.Senthilkumar 42/M 39.9 29 20 9 45.4 69 890 17.8 27 8 4 21.8 82 492 

37.Dinesh 40/M 43.8 30 20 9 88.5 63 784 20.1 27 10 4 30.4 85 231 

38.Mani 49/M 30.4 27 19 10 31.8 78 251 12.2 24 8 6 15.2 79 98 

39.Srinivasan 42/M 28.4 26 18 8 60.1 77 602 12.1 25 9 4 28.9 82 410 

40.Adarsh 40/M 25.3 27 16 8 26.8 67 301 13.1 25 8 4 12.8 82 99 

41.Manikandan 32/M 28.3 25 19 9 40.5 71 321 12.9 24 10 4 16.9 81 77 

42.Thiru 12/M 9.6 25 12 8 11.6 85 121 3.1 24 6 2 5.4 91 61 

43.Deepak 43/M 42.5 32 23 10 76.9 66 785 30.1 30 13 7 55.7 79 578 
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