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INTRODUCTION:  
 

Paediatric squamosal ear disease is a cause of significant morbidity in early childhood. 

The true incidence of cholesteatoma is not known. A retrospective study done in a 

developed country found a mean annual incidence of 9.2 per 100,000 in their 

population.(1) In paediatric studies, incidence was found to range from 5-15 per 

100,000. (2) 

 The disease presents as chronic, foul smelling ear discharge, progressive hearing loss 

which may impair speech and language development as well as scholastic attendance 

and performance. This may also lead to intra-temporal and intra-cranial complications 

if left untreated. Late presentation and unreliable follow-up are of concern in patients 

from poorer communities, especially in developing countries where patients may have 

to travel great distances for their care. This also encompasses the debate on choice of 

surgical management vis-à-vis canal wall up vs canal wall down procedures and their 

respective hearing outcomes. The relatively higher rate of recurrence in paediatric 

disease versus that in adults adds to the importance of addressing this disease in the 

community. As with most developing countries there is limited database of information 

on baseline characteristics of paediatric squamosal ear disease in the Indian population 

which could assist in identifying risk factors. Moreover, majority of the studies, even 

from a developed country are retrospective in nature. 

We aim to study the characteristics of this condition in the paediatric population and 

to evaluate early post-operative outcomes with respect to hearing improvement and 

any complication including recurrence in an observational study design.  
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AIMS & OBJECTIVES: 
 

Aim:  

To study characteristics of paediatric squamosal ear disease and early post-operative outcomes 

in a tertiary teaching hospital in south India. 

 

 

Primary objective:  

To study post-operative outcomes with respect to hearing and early complications  

 

Secondary objective:  

To study characteristics of paediatric squamosal disease in children presenting to the Paediatric 

E.N.T. unit undergoing surgery  
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REVIEW OF LITERATURE: 

Chronic otitis media (COM) as the name suggests, is the chronic infection of the middle 

ear cleft. The middle ear and the mastoid air cells are situated in the temporal bone 

which has a complex anatomy, along with various vital structures in close relation to it. 

A good knowledge of the anatomy is essential to understand the natural progression, 

complications and surgical management of squamosal type of COM. 

Anatomy: 
 

 

 

Figure 1 Anatomy of the Left Temporal bone.(3) 

 

The Temporal Bone: 

The temporal bone contributes to the lower lateral walls of the skull. It contains the 

external auditory canal, middle and inner portions of the ear.  
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It consists of four embryonically distinct parts: the squamous, mastoid, petrous and 

tympanic portions. The lateral wall of the middle cranial fossa is formed by the 

squamous part. Shaped by the air-filled spaces within it the mastoid is a bulbous bony 

structure. The petrous part is pyramidal shaped, where the base is oriented to the 

mastoid laterally and the apex orients anteromedially between the occipital and the 

sphenoid bones. The anterior wall, floor, part of the posterior wall and roof of the bony 

external auditory canal  and the anterior wall and floor of middle ear are formed by the 

tympanic part.(4) Growth of the mastoid begins at birth, with rapid increase between 

the years of 2 and 5 and is usually completed by 6 years of age. Pneumatisation refers 

to the development of air cells within the mastoid. Due to various anatomical and 

pathophysiological influences, each mastoid attains an individual cell pattern. This can 

vary from minimal to extensive pneumatisation.(5) 

 

Three types of mastoid cell systems have been described:(4) 

(i) Pneumatised or cellular- Cells are well developed with thin intervening septa 

(ii) Diploic- Mastoid has predominant marrow spaces and few air cells 

(iii) Sclerotic or acellular- No marrow spaces or cells 
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Mastoid cells can be divided based on location: 

 

Figure 2 Air cells in the temporal bone(6) 

The middle ear cleft:  

 

Figure 3 The middle ear cleft(6) 

 

The middle ear cleft consists of the tympanic cavity, the Eustachian tube and the 

mastoid air cell system.  
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The Tympanic membrane: 

 

Figure 4 The tympanic membrane(7) 

The tympanic membrane lies at the medial end of the external auditory meatus and 

forms most of the lateral wall of the tympanic cavity. It is slightly oval, being broader 

above than below, forming an angle of about 55° with the floor of the meatus. Its longest 

diameter from posterosuperior to anteroinferior is 9–10 mm, while perpendicular to this 

the shortest diameter is 8–9 mm. The membrane above the malleolar folds within the 

notch of Rivinus, called the pars flaccida, does not have a tympanic annulus at its 

margins. The pars tensa forms the rest of the tympanic membrane. 

The tympanic membrane comprises three layers.  

• Outer epithelial layer, the epidermis, which is continuous with the skin of the 

external meatus 

• Middle, mainly fibrous layer, the lamina propria 

• Inner mucosal layer continuous with the lining of the tympanic cavity.  
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Figure 5 Layers of the tympanic membrane and organisation of fibres(8) 

 

The lamina propria of the pars tensa has radially oriented fibres in the outer layers and 

circular, parabolic and transverse fibres in the deeper layer. This arrangement probably 

accounts for the complex pattern of tympanic membrane displacement during sound 

stimulation. In the pars flaccida, the lamina propria is less marked and the orientation 

of the collagen fibres seems random.  

The arterial supply of the tympanic membrane arises from deep auricular branch of the 

maxillary artery coming from the external auditory meatus, whereas the mucosal vessels 

arise from the anterior tympanic branches of the maxillary artery, the stylomastoid 

branch of the posterior auricular artery and probably from the middle meningeal artery. 

Branches of the auriculotemporal nerve (Vc), the auricular branch of the vagus and the 

tympanic branch of the glossopharyngeal nerve supply the tympanic membrane.(4) 

 

 

 

 

 



9 
 

The Tympanic cavity: 

 

Figure 6 The tympanic cavity(9) 

It is an irregular, air-filled space within the temporal bone between the tympanic 

membrane laterally and the osseous labyrinth medially. It contains the auditory ossicles 

and the tendons that attach them to the middle ear muscles. Other structures, including 

the tympanic segment of the facial nerve, run along its walls to pass through the cavity. 

It is divided into three compartments by drawing a horizontal line at the upper and lower 

border of the tympanic membrane: The epitympanum (upper), the mesotympanum 

(middle) and hypotympanum (lower). 

 

Figure 7 Compartments of the middle ear(6) 
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The retrotympanum lies posterior and includes both the posteromedial and posterior 

walls of the tympanic cavity, whereas the protympanum is anterior to the promontory 

and is contiguous with the tympanic portion of the Eustachian tube. 

Relations of the middle ear: 

 

Figure 8 Relations of the middle ear(10) 

Anteriorly lies the bulge of the canal for the tensor tympani muscle, below which is the 

eustachian tube orifice. Posteriorly lie the pyramidal eminence and lateral to it, the 

chordal eminence. Three depressions lie on the medial wall: the sinus tympani, oval 

window niche and the round window niche. The sinus tympani is bounded by the 

ponticulus superiorly, the subiculum inferiorly, the mastoid segment of the facial nerve 
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laterally and medially by the posterior semi-circular canal. Anterosuperior to the 

ponticulus lies the oval window niche which houses the stapes footplate. The round 

window niche lies posterosuperior to the promontory.  Superior to the oval window and 

the cochleariform process, the tympanic segment of the facial nerve runs along the 

medial wall for 13mm. From the second genu to the stylomastoid foramen is the mastoid 

segment. Anatomical variations in the course may take the tympanic segment anterior 

or inferior to the oval window or the mastoid segment more posterior or lateral than 

usual. The fallopian canal may be dehiscent. The above may render the facial nerve 

prone to injury.  

 

Endoscopic anatomy: 

 

Figure 9 Endoscopic anatomy of retrotympanum. (st Sinus tympani, p 

ponticulus, su subiculum, rw round window, pr promontory, ps posterior 

sinus, ma malleus, s stapes, in incus, pe pyramidal eminence)(11) 

The retrotympanum is considered a potentially difficult region to examine under the 

microscope. The development of endoscopy as a tool in otological surgery has allowed 

for improved visualisation of these hard to reach spaces. The sinus tympani lies lateral 

to the labyrinth and medial to the mastoid portion of the facial nerve. It has the 

ponticulus and the pyramidal eminence as the superior limit and the subiculum and 

styloid eminence as the inferior limit. 
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It is important to have good exposure of its medial boundary during surgery for 

cholesteatoma. This is because in incomplete removal there is persistence of disease 

within the sinus and an increased risk for hearing loss secondary to ossicular 

discontinuity as a result of disease presence. 

 

Figure 10 Types of Sinus Tympani (fn Facial nerve, pr promontory, 

rw round window, st sinus tympani)(11) 

The sinus tympani has varying dimensions and depths between individuals, however in 

the same patient from infancy to adulthood the size remains the same. Based on depth 

the sinus tympani is classified into 3 types: 

Type A: Shallow and small and does not reach the level of the facial nerve. 

Type B: Intermediate depth. Lies medial to the vertical portion of the facial nerve but 

does not extend posteriorly. 

Type C: Deep sinus. Extends deep and posterior to the vertical segment of the facial 

nerve.(11) 

Important neighbouring structures: 

The internal carotid artery first passes anterior to the tympanic cavity, runs medial to 

the eustachian tube and inferomedial to the canal for tensor tympani. It is accompanied 
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by a sympathetic plexus in its course. The bony covering may be dehiscent in 6% of 

cases. Care should be taken while dissecting medial to the eustachian tube. 

The sigmoid sinus extends from the transverse sinus to the internal jugular vein. It forms 

an S- shaped structure the in the posterior wall of the mastoid. The jugular bulb lies 

between the internal jugular vein and the sigmoid sinus. The wall of the jugular bulb in 

thinner than the sigmoid sinus and hence is more prone to rupture with manipulation. It 

has a variable position with 3.5-5% of temporal bones showing a high riding jugular 

bulb above the level of the tympanic annulus. 

The inner ear consists of the three semi-circular canals, the cochlea and the vestibule. 

The semi-circular canals are related orthogonally to each other. The dome of the lateral 

semi-circular canal is encountered on the medial surface of the mastoid antrum. The 

cochlear base abuts the internal carotid artery and has two and a half turns around the 

modiolus. The tensor tympani muscle is lateral to the apex of the cochlea. 

The bony labyrinth’s central chamber is the vestibule. Medial to this is the saccule, 

utricle and the cochlear duct. The membranous labyrinth houses the three semi-circular 

canal ducts and their crista, the utricle, saccule and the endolymphatic sac.(12)  

Ossicles: 

There are bones within the middle ear: the malleus, incus and stapes. The most lateral 

ossicle is the malleus merging with the tympanic membrane. The anterior malleolar 

ligament and the posterior incudal ligament create the axis of rotation. The largest 

ossicle is the incus, the body of which articulates with the malleus head. The long 

process articulates with the stapes via the lenticular process. The smallest bone in the 

body is the stapes. Its footplate rests on the oval window surrounded by the 
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stapediovestibular ligament. The long process of the incus is prone to necrosis in 

chronic otitis media due to the precarious blood supply.(12)  

 

Figure 11 Ossicular chain(6) 

Middle ear muscles: 

Two muscles of the middle ears are the tensor tympani and the stapedius muscle. The 

tensor tympani is supplied by the trigeminal nerve and its contraction causes medial 

pull on the tympanic membrane which is usually opposed by the same. Therefore, in a 

perforated tympanic membrane there is unopposed action of the muscle and the depth 

of the tympanic cavity is contracted. The stapedius muscle is innervated by the facial 

nerve. It dampens the movement of the stapes and thereby controls the amplitude of 

sound waves conducted to the inner ear.(12) 

Middle ear spaces and Mucosal folds: 

The mucous membrane lines the bony walls of the tympanic cavity, and it extends to 

cover the ossicles and their supporting ligaments in much the same way as the 
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peritoneum covers the viscera in the abdomen, covering tendons and carrying blood 

supply. 

 

Figure 12 Diagrammatic representation of the middle ear spaces(10) 

 

As illustrated above, middle ear spaces develop in the embryological period from 4 

different sacci. The differential growth and interactions of these lead to the formation 

of the middle ear folds and middle ear compartments. At the meeting point of the saccus 

anticus and medius forms the Tensor tympani fold while that between saccus medius 

and saccus superior forms the Korner’s septum. As a result, the only route for 

ventilation of the epitympanic space from the mesotympanum is via two small openings 

between the various mucosal folds – the anterior and posterior isthmus tympani.  

Likewise, the Prussak space is found between the pars flaccida and the neck of the 

malleus, bounded by the lateral malleolar fold. This space can play an important role in 

the retention of keratin and subsequent development of cholesteatoma.  

The posterior tympano-malleal fold inserts on the neck of malleus posteriorly. It merges 

superiorly with the anterior portion of the lateral incudomalleal fold. It inserts 
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posteriorly on the posterior tympanic spine and forms the medial wall of the posterior 

pouch of von Tröltsch. Similarly, the anterior tympano-malleal fold attaches to the 

anterior portion of the neck of malleus and inserts on the anterior tympanic spine, 

forming the medial wall of the anterior pouch of von Tröltsch. 

The anterior limit of the Prussak’s space is the anterior malleal ligamental fold which 

originates from the neck of malleus and extends to the anterior attic bony wall. The 

lateral malleal ligament fold spreads fan-like from the middle of the neck of malleus 

attaching onto the outer attic wall and forms the roof of Prussak’s space. The superior 

malleal fold from superior surface of head of malleus to tegmen separates the attic into 

anterior and posterior parts. The lateral incudomalleal fold separates the upper lateral 

attic from the lower lateral attic space. The medial incudal fold lies between the long 

process of incus and the stapedial tendon. The superior incudal fold divides the posterior 

attic into lateral and medial portions. The tensor tympani fold arises from the tensor 

tympani tendon and inserts into the supra-tubal ridge, separating the epitympanic recess 

superiorly from the supra-tubal recess inferiorly.  

The tympanic diaphragm separates the attic from the mesotympanum and the Prussak’s 

space. Due to this isolation the epitympanum is aerated via the tympanic isthmus. 

Through the posterior pouch of von Tröltsch, the Prussak’s space is ventilated. The 

anterior tympanic isthmus lies between the tensor tympani fold and the stapes while the 

posterior tympanic isthmus lies between the short process of the incus and the stapedius. 

When the isthmus is blocked by inflammation or granulations the ventilation of the attic 

fails. This leads to selective attic dysventilation despite a functional eustachian tube. 

This leads to retraction pockets and attic cholesteatoma.(13) 
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Figure 13 Middle ear folds(10) 
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Physiology of hearing: 
 

The external ear functions to alter sound pressure at the tympanic membrane in a 

frequency and directionally dependent manner and helps in sound localisation. This can 

produce a gain of up to 20dB at 2500Hz. The middle ear then couples this sound signal 

through intact tympanic membrane and ossicular chain to the cochlea. The middle ear 

acts as a transformer to increase sound pressure at the oval window. It does this by 

various mechanisms. One of the major mechanisms is by the areal ratio. Since the 

tympanic membrane has approximately 20 times the surface area of the oval window, 

this translates to the pressure at the footplate, thereby generating almost 26dB gain. The 

other mechanism is the lever ratio. This is based on the differential lengths of the 

malleus and incus around the axis of rotation. This ratio of 1.3 delivers a gain of 2dB. 

Thus, in an ideal ear the transformer ration increases pressure by approximately 

28dB.(12) 

 

Therefore , the pre-requisites for good hearing are:(6) 

• Intact tympanic membrane 

• Intact ossicular chain 

• Functional round and oval windows 

• Acoustic separation of the above windows 

• Functional eustachian tube  

• Functional sensorineural apparatus. 
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Squamosal ear disease in its course affects these mechanisms. Perforated or atelectatic 

tympanic membranes can cause a hearing loss up to 50dB. In a perforation this is due 

to the loss of pressure difference across the tympanic membrane as this is what drives 

the motion of the membrane and the ossicles. The loss is dependent on frequency, 

perforation size and middle ear space. In atelectic membranes there is loss of middle 

ear space which contributes to the hearing loss. Similarly, in a canal wall down 

mastoidectomy with removal of the bony annulus and the ear canal, the graft is placed 

in such a manner that there is significant reduction of middle ear space. However, if 

volume is above 0.4cc there should be only a loss of 10dB. In middle ear pathology 

like cholesteatoma despite erosion of ossicles, audiological assessment may not be 

representative of the severity of disease due to the property of cholesteatoma to 

bridge. These patients are referred to as cholesteatoma hearers. Hence this group is 

more likely to have worsening of hearing after clearance of disease.(4,12) 
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Chronic otitis media: 
 

The term chronic otitis media (COM) refers to inflammation of the middle ear cleft with 

or without cholesteatoma; the most common presenting complaint being otorrhea and 

hearing loss. Grossly COM can be subtyped into mucosal disease(tubotympanic) or 

squamosal disease(atticoantral) which can further be divided into inactive or active 

disease. 

 

Inactive Mucosal COM:  

The structure of the middle ear and often the hearing are impaired by the presence of a 

permanent tympanic membrane defect, without active infection or mucoid discharge.  

Active Mucosal COM: 

The structure of the middle ear and often the hearing are impaired by the presence of a 

permanent tympanic membrane defect, with the presence of active infection or mucoid 

discharge.  

Inactive squamous COM: 

It is defined as a retraction of the pars tensa or pars flaccida with the potential to be 

active with retained debris (cholesteatoma). There may be associated damage to the 

ossicular chain and other middle ear structures. 

Active squamous COM: 

Active squamous epithelial disease is a retraction pocket filled with keratinous debris 

(Cholesteatoma) which may remain active or become inactive. 
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What is cholesteatoma? 
Cholesteatoma is a destructive lesion of the middle ear cleft that gradually expands and 

leads to complications by the destruction of adjacent structures. Bone resorption of the 

ossicular chain and otic capsule by way of erosion may result in loss of hearing, 

vestibular dysfunction, cranial nerve palsies and intracranial complications.(14) 

In 1683, the first description of a cholesteatoma-like mass was by Du Verney which he 

called “steatoma”.(15) Cruveilhier, a French pathologist, in 1829 referred to 

cholesteatoma as "tumeur perleé," or pearly tumour of the temporal bone.(16) 

"Cholesteatoma" was a term coined by Johannes Müller, a German physiologist in 

1838.(17) The term cholesteatoma though, can be considered a misnomer as it a benign 

lesion. Three conditions appear to influence the development of cholesteatoma: 

a) the unique anatomy of the middle ear cleft 

b) chronic or recurrent infections and submucosal tissue inflammation in the middle ear 

and  

c) tissue repair mechanisms 

 

Figure 14  Diagrammatic representation of the structure of the cholesteatoma(6) 
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Cholesteatoma is formed of 3 layers; matrix, perimatrix, and cystic content.  

The matrix is formed of epithelial layers. The perimatrix is formed of variable thickness 

of subepithelial loose connective tissue with collagen fibres, fibrocytes and other 

inflammatory cells such as lymphocytes, histiocytes, plasma cells, and neutrophils. The 

cystic content is formed of keratin lamellae.(18) 

 

Classification of squamosal ear disease: 
 

Squamosal ear disease can be classified as congenital or acquired.  

Congenital cholesteatoma is an epithelial cell rest trapped during embryogenesis and 

as defined by Levenson et al subscribes to the following modified criteria: 

a) White mass medial to the normal tympanic membrane 

b) Normal pars flaccida and pars tensa 

c) No prior history of otorrhea or perforation 

d) No prior otological procedures 

e) Exclusion of canal atresia and intramembranous and giant cholesteatoma 

f) Prior bouts of otitis media were no grounds for exclusion 

The original classification(19) excluded patients with previous history of ear discharge 

to account for chronic otitis media. However, with natural progression of congenital 

cholesteatoma some patients were found to have breakdown of the tympanic membrane 

and middle ear with extension of the disease. This resulted in symptoms of ear 

discharge. Therefore excluding such patients despite high clinical suspicion of 

congenital origins would be erroneous.(20)  
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As the name indicates, acquired cholesteatoma is acquired later in life, which can be 

further divided into primary and secondary according to the etiological process.  

Primary acquired cholesteatoma is sequelae of tympanic membrane retraction whereas 

the secondary acquired cholesteatoma is due to the migration of epithelium through an 

existing perforation. 

Clinical classification based on site of cholesteatoma origin was proposed by Tos and 

Lau, which considered location important in deciding surgical procedure and prognosis. 

It divided cholesteatomas into attic, tensa and sinus cholesteatomas. 

 Retraction of pars flaccida with extension into the attic, aditus and reaching antrum was 

considered Attic cholesteatoma. Sequelae of posterosuperior retraction pocket 

extending into the tympanic sinus was called Tympanic sinus cholesteatoma. Tensa 

cholesteatoma arose from total adhesion of pars tensa involving tympanic opening of 

the eustachian tube.(21)  

Meyerhoff and Truelson in 1986 tried to use pathophysiology, location, eustachian tube, 

ossicular defects and presence or absence of complications to classify cholesteatoma as 

follows(22): 

1)Primary acquired: Cholesteatoma as a sequelae of retractions pockets 

2)Secondary acquired: Cholesteatoma formed by infection, trauma, or surgical 

manipulation causing implantation of skin into the middle ear through a defect in the 

eardrum 

3) Tertiary acquired: Cholesteatoma which occurs behind a normal appearing tympanic 

membrane as the result of implantation or an antecedent middle ear inflammation 

4)Congenital 
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Tos later in 1988 proposed dividing cholesteatoma using an otoscopic classification 

into(23) 

1)Attic 

2)Pars tensa I (Marginal disease) 

3)Pars tensa II (Central disease) 

 

More recently, there was a consensus document on the definitions and classification of 

cholesteatoma published by The European Academy of Otology and Neurotology 

(EAONO, which was based on the Delphi consensus methodology. During the same 

period, the Japanese Otological Society (JOS) was working independently on the same 

topic. EAONO and JOS then decided to collaborate and produce a joint consensus 

document. The EAONO/JOS joint consensus on "Definitions, Classification and 

Staging of Middle Ear Cholesteatoma" was formally presented at the 10th International 

Conference on Cholesteatoma and Ear Surgery in Edinburgh, June 5-8, 2016. The 

international otology community who attended the consensus session gave almost 

universal approval (98%) to the “Classification of Cholesteatoma”, while the statements 

on the "Definitions of Cholesteatoma" received 89% approval and "EAONO/JOS 

Staging System on Middle Ear Cholesteatoma" had a majority approval (75%) 
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Figure 15 EAONO/JOS system 2017 Classification of Middle Ear Cholesteatoma 

 

Theories of pathogenesis of primary acquired cholesteatoma: 

 

Many theories have been postulated, however the most acceptable of them are listed 

below. 

1) Squamous metaplasia of middle ear epithelium due to infection 

2) Epithelial invasion/migration through a perforation of the tympanic membrane 

3) Invasive hyperplasia of the basal cell layers 

4) Retraction pockets and invaginations of the tympanic membrane due to eustachian 

tube dysfunction 

5) A combination of the mentioned theories 
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Squamous metaplasia theory: 

Von Tröltsch in 1864 considered the stratified keratinizing squamous epithelium of 

cholesteatoma as a metaplastic product of the middle ear mucosa, as a result of the 

pressure of dried, caseous pus(24). Wendt thereafter suggested that transformation into 

keratinizing epithelium could result due to inflammation which was supported by Sadé 

as well. With accumulation of keratin along with recurrent infection and inflammation, 

the metaplastic epithelium increases leading to lysis and perforation of the tympanic 

membrane resulting in the typical appearance of attic cholesteatoma. Islands of 

keratinizing epithelium were observed in middle ear mucosal biopsies in children with 

otitis media with effusion thereby supporting the theory(25). Kuijper’s et al 

demonstrated true change in epithelium with the loss of epithelial cell-related 

cytokeratin and the appearance of cytokeratin which were characteristic of stratified and 

cornifying epithelia.(26) 

Migration theory: 

This theory was proposed by Habermann and Bezold (in 1888 and 1890 respectively) 

who suggested that there was squamous epithelium migration from tympanic membrane 

perforation margins into the middle ear. Politzer commented that this migration was 

secondary to infection after closure of a tympanic membrane perforation with growth 

of epithelium from the external auditory canal.(27) 

Basal hyperplasia theory: 

While Lange in 1925 postulated that invasion of subepithelial space by epithelial cells 

from keratinizing squamous epithelium of pars flaccida could form cholesteatoma, it 
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was Ruedi who provided clinical and experimental evidence.(28) Access for the 

keratinocytes to invade is due to the focal dissolution of the basement membrane and 

formation of pseudopodia. This  allows invasion of lamina propria with the epidermal 

keratinocytes which leads to entrapment and formation of inclusion cyst that expands 

into the cholesteatoma.(29,30) Micro RNAS(miRNAs) have in the recent past have 

been demonstrated to  show a crucial biological function in the hyper-proliferation of 

cholesteatoma keratinocytes, such as miRNA-21 and miRNA-802. NF-κB 

inflammatory signalling pathway was hyperactive in cholesteatoma. This increased the 

expression of the miRNA-802 which promotes keratinocyte cell proliferation and cell 

cycle progression(31). MiRNA-21 acts in a similar fashion by suppressing phosphatase 

and tensin homolog (PTEN) and programmed cell death 4 (PDCD4) translation thus 

leading to cholesteatoma keratinocyte hyper-proliferation.(32) This could explain the 

invasive property of cholesteatoma. 

Retraction pocket or invagination theory: 

As presented by Wittmaack in 1933 this theory is generally accepted as the most 

common pathogenetic mechanism in acquired cholesteatoma.(33) According to this 

theory, the pars flaccida, or occasionally the pars tensa, of the tympanic membrane 

retracts into the middle ear causing retention of keratin debris establishing 

cholesteatoma. This is likely to be related to negative pressure, inflammation or both. 

The retraction pocket’s loss of drainage induces expansion into the middle ear and 

mastoid spaces forming cholesteatoma.(34) 
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Selective epitympanic dysventilation syndrome:  

In definite attic cholesteatoma, Marchioni proposed a theory that complemented the 

invagination theory. In this they considered that thickened mucosa and granulations 

blocked the tympanic isthmus which resulted in separation of the attic and the 

mesotympanum. This impediment to attic ventilation with resultant attic negative 

pressure, despite a functional or patent eustachian tube was incriminated in the 

subsequent cholesteatoma formation.(35) 

Mucosal traction theory: 

A recent theory that has gained attention refers to the migratory behaviour of the medial 

mucosal surface of the tympanic membrane. Mucosal migration was studied in a rat 

model which showed that mucosa of posterior part of the pars tensa migrated towards 

the posterior-superior quadrant while migration was towards the annulus from the 

anterior pars tensa. This interaction of migrating opposing surfaces leading to mucosal 

coupling with traction could provide a counterintuitive but comprehensive theory 

explaining the characteristic observed in primary acquired cholesteatoma.(36) Though 

attractive, this theory was postulated on findings in a retrospective chart review in 

patients with primary ciliary dyskinesia or cystic fibrosis. This was then disproved by 

Pauna et al due to paucity of ciliated cells on the medial side of the tympanic membrane 

and the lateral surface of the ossicles in the epitympanum in cases with 

cholesteatoma.(37) 
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The pathogenesis of secondary acquired cholesteatoma is usually as follows:  

1) Iatrogenic cholesteatoma, post previous surgery for non-cholesteatoma middle ear 

disease, like tympanoplasty or grommet insertion 

2) Post traumatic cholesteatoma, which originates from trauma scattering squamous 

epithelium into the middle ear.(38) 

Pathways of spread of cholesteatoma: 

The growth pattern of the cholesteatoma is dictated by the site of origin. The most 

common sites are the pars flaccida and the postero-superior quadrant of the pars tensa, 

which correspond to the weaker areas of the tympanic membrane lamina propria. The 

ligaments, mucosal folds, ossicles, and walls of the middle ear separating the different 

compartments do not play the role of barriers but guide the growth of cholesteatoma 

into distinct pathways throughout the middle ear cleft. 

 

Figure 16 Pathways of spread of attic cholesteatoma(13) 
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Attic cholesteatoma: 

Typically, a cholesteatoma starting from the pars flaccida will invade posteriorly, 

inferiorly, or anteriorly. 

 From the Prussak’s space, cholesteatoma can extend through one of the following three 

tracts. 

1) Through the posterior pouch of Von Troeltsch to the lower lateral attic (inferior 

incudal space, IIS) medial to the long process of the incus towards the petrous portion 

and the mastoid air cells system  

2)  Through a defect in the lateral incudal fold (LIF) to the lateral malleal space and 

then to the superior incudal space (SIS), above and lateral to the malleus head and body 

of the incus and then towards the aditus ad antrum to enter the mastoid air cells system 

3)  From the lateral malleal space through the superior malleal fold defect (SMF) 

towards the anterior compartment of the epitympanum.  

Mesotympanic Cholesteatoma: 

This inferior route of spread is through the posterior pouch of von Troeltsch following 

the embryological course of both the saccus posticus and the saccus superior. It grows 

medially along the lenticular process and stapes superstructure. Thereafter the direction 

of growth may be  

(i) upward through the posterior tympanic isthmus toward the posterior 

epitympanum and then the mastoid antrum or  

(ii)     backward directly into the sinus tympani, and may fill the entire middle ear  
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 Anterior Epitympanic Cholesteatoma: The cholesteatoma reaches the anterior 

epitympanum through the lateral malleal space beneath the superior malleal fold to enter 

the anterior epitympanic recess (AER). It may remain in the AER, where the geniculate 

ganglion is at risk, or progress into the supratubal recess (STR) and the protympanum  

A cholesteatoma of the postero-superior quadrant of the pars tensa directly enters the 

tympanic cavity in the direction of the hypotympanum or sinus tympani, may grow 

forward towards the protympanum, or invade the epitympanum and mastoid. 

Complications of Chronic Otitis Media: 
 

Complications occur in Chronic otitis media due to presence of cholesteatoma, 

granulation tissue formation and bony destruction. Bacterial spread may be due to direct 

extension by the bony destruction or by preformed pathways from previous surgery, 

fractures or congenital dehiscence. Propagation of infection may also be along veins 

from the mastoid. Complications can be divided into Extracranial (Intratemporal) and 

Intracranial complications 

Extracranial: 

Acute mastoiditis: Inflammation of the mucosal lining of the antrum and the mastoid air 

cell system leading to pus production under tension with hyperaemia and osteoclastic 

resorption of the bony walls. Patient presents with pain, ear discharge and fever. On 

examination, there is pulsatile discharge (light house effect), mastoid tenderness, 

sagging of the posterior canal wall, tympanic membrane perforation, swelling over the 

mastoid and hearing loss. 
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Petrositis:  Spread of infection from middle ear and mastoid to the petrous part of the 

temporal bone through the posterosuperior or the anteroinferior cell tracts. Classical 

presentation is Gradenigo’s syndrome with a triad of external rectus palsy, retro-orbital 

pain and persistent ear discharge. 

Facial Paralysis: 

Cholesteatoma destroys the bony canal and exerts pressure on the nerve. This is further 

aided by the inflammatory process causing oedema. Granulation tissue may also be 

responsible. Decompression of the nerve along its full extent is the recommended 

surgical procedure. 

Labyrinthitis: 

Three types of labyrinthitis are described. Circumscribed labyrinthitis where there is 

thinning of the bony capsule of the horizontal semi-circular canal.  Diffuses serous 

labyrinthitis where there is diffuse inflammation without pus formation. Diffuse 

suppurative labyrinthitis is where there is diffuse pyogenic infection of the labyrinth 

with permanent loss of vestibular and cochlear function. In labyrinthine fistula, fistula 

test is positive. When there is a change in pressure within the ear canal this stimulates 

the labyrinth. Patient complains of vertigo and moves the head away from the examiner. 

Nystagmus also occurs with the fast component towards the affected side. 

Intracranial complications: 

Extradural abscess: It is a collection of pus between the bone and the dura. The bone is 

eroded by cholesteatoma and pus comes to lie directly in contact with the dura. Affected 

dura may be covered with granulations or appear unhealthy. Most of the time it is 
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asymptomatic but should be suspected when the patient complains of persistent 

headache on the side of ear disease, general malaise with low grade fever, pulsatile ear 

discharge etc. 

Subdural abscess: It is a collection of pus between the dura and arachnoid. Clinically 

the patient will have signs of meningeal irritation, cortical venous thrombophlebitis and 

raised intra-cranial tension. 

Meningitis: This is the most common intra-cranial complication of chronic otitis media 

with inflammation of the leptomeninges. The patient will present with high grade fever 

with chills and rigors, headache, neck rigidity, photophobia, mental irritability, nausea 

and vomiting, drowsiness, cranial nerve palsies etc. 

Otogenic brain abscess: More common in adults with cholesteatoma. Cerebral abscess 

is due to direct extension through the tegmen while cerebellar abscess can occur through 

direct extension through Trautmann’s triangle. There are four stages. Stage of invasion 

where the symptoms are slight. Stage of localisation or latent abscess where there are 

no symptoms and the infection is walled off. Stage of enlargement or manifest abscess 

where is a zone of oedema around the abscess and there is raised intracranial pressure 

with functional disturbances. And finally, the stage of termination or rupture where the 

expanding abscess ruptures into the ventricle or subarachnoid space resulting in focal 

meningitis. 

Lateral sinus thrombophlebitis: This is the inflammation of the inner wall of the lateral 

venous sinus with formation of a thrombus. It initially starts with formation of a 

perisinus abscess. This leads to endophlebitis and mural thrombus formation. 
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Obliteration of the sinus lumen and intrasinus abscess formation occurs. There is then 

extension of the thrombus proximally into the confluence of sinuses and the superior 

sagittal sinus or cavernous sinus and distally to the mastoid emissary vein or jugular 

bulb. Patients develop the characteristic hectic picket fence type of fever and positive 

Griesinger’s sign. 

Otic hydrocephalus: This is characterised by raised intracranial pressure with normal 

Cerebrospinal Fluid (CSF) findings. Lateral sinus thrombosis obstructs venous return 

and if it extends to the superior sagittal sinus it impedes function of the arachnoid villi. 

Patient will present with headache, diplopia, blurring of vision etc. The aim of treatment 

is to reduce CSF pressure to prevent optic atrophy and blindness. 

Epidemiology: 
 

According to the World Health Organization (WHO in 2004), Western Pacific countries 

have the highest prevalence of COM (2.5% to 43%), followed by South East Asia (0.9% 

to 7.8%), Africa (0.4% to 4.2%), South and Central America (3%), the Eastern 

Mediterranean (1.4%), and finally Europe (average prevalence of 0.4%).(39) The WHO 

considers a prevalence of >4% as a significant health problem.(40) 

In the middle eastern countries, Yemen had the highest prevalence of 7.4% in school 

going children while Saudi Arabia had the lowest prevalence of 1.3% which could be 

attributed to improvement in health services and better access to health care in Saudi 

Arabia.(41) Indigenous children in Australia showed a prevalence of 10.5-30.3%.(42) 

With respect to squamosal ear disease, the annual incidence of acquired cholesteatoma 

ranges from approximately 9 to 12.6 cases per 100,000 adults and from 3 to 15 cases 
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per 100,000 children(1,23). Developed countries in South-east Asia like South Korea 

have a prevalence of cholesteatoma in the general population of 1.82%(43)Tos found 

the incidence of cholesteatoma in children in Denmark to be 3 per hundred thousand 

inhabitants and 12 per 100 000 inhabitants in adults.(44)  

In India, a study in the state of Uttar Pradesh found that the prevalence of COM in urban 

school children was 2.32%, while for rural children, it was 5.11%.  Mucosal disease 

was present in 87.18% of COM cases while 12.82% had squamosal disease.(45) Kumari 

et al found in their South Indian study that out of 1713 children with COM,482(28.1%) 

had squamosal disease.(46) Since India is a large country with varying demographics 

and population characteristics from state to state, no one study can suffice to be 

representative. However, from studies described above and others one can assume that 

the prevalence of COM in the country exceeds the WHO considered limit. 

Risk factors for COM in developing countries include low socioeconomic status, 

malnutrition, high number of children in the household, swimming in contaminated 

pools, recurrent respiratory tract infection, overcrowding and passive exposure to 

smoking(41,47). In Indian studies other identifiable risk factors were indoor cooking 

with kerosene oil, unhygienic ear cleaning, bottle feeding and chronic tonsillitis(45,46) 

A study initiated in the Cleveland Clinic by Nelson et al found the mean +/- SD age was 

9.7 +/- 3.3years in children with acquired cholesteatoma versus 5.6+/- 2.8 years in those 

with congenital cholesteatoma(48) In India, Rupa et al, found that there was equal 

prevalence between pre-school and primary school children(49) 
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As for gender, male preponderance was seen in both congenital and acquired 

cholesteatoma case series.(1,50) Developing countries like Brazil and India also showed 

slightly higher number of male children with COM.(46,51) 

Microbiology and biofilms: 
 

One of the troubling symptoms for the patient with cholesteatoma is the presence of 

persistent foul-smelling discharge. This is attributable to osteitis and secondary 

infection. The most commonly detected bacteria in cholesteatoma were aerobic 

bacteria the highest levels of which were Pseudomonas aeruginosa (31.1%) followed 

by Staphylococcus aureus (19.1%), Proteus mirabilis (7.7%), Escherichia coli (1.4%) 

and Klebsiella pneumoniae (1%). A high percentage of cases (38.2%) have anaerobic 

flora like Peptococcus (12.4%), 

Peptostreptococcus (4.8%), Bacteroides(12.4%), Clostridium (3.8%), 

Fusobacterium (2.9%) and Propionibacterium (1.9%)(52) Pseudomonas in particular 

produces lipopolysaccharides which directly stimulate osteoclastogenesis from 

mononuclear osteoclast precursors. There is also production of interleukin (IL-1β, IL-

6), prostaglandin (PGE2) and tumour necrosis factor alpha(TNF-α) from macrophages 

and monocytes.(53) 

An ideal environment for biofilm production is provided by the keratin layer of the 

cholesteatoma. It mediates a host response with chronic inflammation, proliferation 

and bone resorption.(54) Therefore usefulness of topical antibiotic medication is 

questionable without the removal of the offending lesion. 

 



37 
 

Characteristics of Pediatric squamosal ear disease: 
 

Paediatric squamosal disease is often aggressive and therefore more extensive at 

diagnosis. Due to extensive ossicle lysis the ossicular chain status is poorer with higher 

rates of recurrence and residual lesions(55).  Temporal bone pneumatization plays an 

important role in aetiology, behaviour, course and outcome of COM. Children usually 

have well pneumatised mastoids compared to adults. This is often seen in cases of 

congenital cholesteatoma. However in atticoantral disease there was an association with 

sclerotic or diploic mastoids(56). 

 To Quaranta, the difference in adult and paediatric cholesteatoma lay in the 

cholesteatoma perimatrix, wherein he found the number of mononuclear inflammation 

elements to be greater in children than in adults.(57) That the connective tissue layer 

within the child's mastoid accelerates epithelial growth was suggested by Ruedi. This 

was supported by Bujia et al who found a significantly higher proliferation of 

cholesteatoma keratinocytes in children as compared to adults(58). Hildmann and 

Sudhoff confirmed this immuno-histochemically, with MIB1 antibody, thus explaining 

the aggressive behaviour of this disease in paediatric patients.(59) 

With recent interest in quantifying angiogenesis and metalloproteinases as markers of 

cholesteatoma aggressiveness a Brazilian study compared the markers CD31, MMP2 

and MMP9 in paediatric and adult patients. Dornelles’s results indicated that there was 

increased expression of metalloproteinases and that especially in the case of MMP2 

there was inverse relation to age. This suggest that the younger the age the higher the 

expression of MMP2. Since this a proteolytic enzyme that has the ability to penetrate 
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into and invade adjacent tissues, one can infer that the potential of bone invasion and 

erosion is higher and hence this points to greater aggressiveness of cholesteatoma in 

children.(60) 

No major differences in stage of classification of cholesteatoma were observed between 

children and adults. In children with pars flaccida cholesteatoma, the epithelium tended 

to invade from the attic to the mastoid air cells and mesotympanum. In contrast, adult 

patients with invasion to the mesotympanum were fewer. The rate of disappearance of 

the stapes superstructure was almost the same in children and in adults. The destruction 

of the superstructure of the stapes was more common in pars tensa type than pars 

flaccida type; so it was dependent on the site of involvement.. Postoperative hearing 

levels were better in children, even in those with widespread disease. However, the 

recurrence rate was significantly higher in children.(61)  

Corso et al found in their series that following single stage canal wall down 

tympanoplasty, the paediatric group had a significantly higher risk of recurrence with a 

rate of 26.6% as opposed to 6.81% in the adult group.(55) Charachon et al. reported 

residual disease in 31% of children after Canal Wall Up (CWU) procedures versus 16% 

in adults.(62) 

 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/epithelium
https://www.sciencedirect.com/topics/medicine-and-dentistry/stapes
https://www.sciencedirect.com/topics/medicine-and-dentistry/pars-flaccida-of-tympanic-membrane
https://www.sciencedirect.com/topics/medicine-and-dentistry/pars-flaccida-of-tympanic-membrane
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Imaging in Chronic Otitis Media 
 

High Resolution Computerized Tomography (HRCT): 

HRCT temporal bone helps to assess extension, complications and detecting variations 

of anatomy. Classical features of cholesteatoma are present only in 50% of cases.  

Key findings of Cholesteatoma on HRCT are as follows: 

• Soft tissue opacification in the attic, aditus and extending up to the mastoid. 

• Blunting / erosion of the scutum 

• Ossicular erosions of which erosion of the long process of incus is common 

• Presence of disease in sinus tympani -sinus cholesteatoma 

• Complications like erosions in the tegmen, semi-circular canal, facial nerve canal 

and inner ear 

• In cases of clinical suspicion of intracranial extension, contrast CT / MRI to rule 

out intracranial complications and extent.(63) 
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Figure 17 Coronal (A) and axial (B) images of left temporal bone. 

A-Long arrow showing soft tissue in the epitympanum and short 

arrow indicating scutum blunting B:Black arrow showing 

sclerotic mastoid(63) 

Acquired attic cholesteatoma is seen as an expansile lobulated lesion in the Prussak 

space eroding the scutum, with medial displacement and erosion of the ossicles. The 

lesion may extend superiorly into the attic, and to the mastoid air cells via the aditus ad 

antrum. In contrast, pars tensa cholesteatoma tends to occur medial to the ossicles and 

displace them laterally. Congenital cholesteatoma is commonly located in the anterior 
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superior quadrant of the middle ear cavity just above the opening of the eustachian tube. 

Differentiating between congenital versus acquired cholesteatoma is difficult but with 

clinical correlation one may be guided to a diagnosis. 

 

Diffusion weighted Magnetic Resonance Imaging: 

The standard MRI imaging for cholesteatoma is T2-weighted series in the coronal and 

axial plane, followed by a non-echo planar DWI series (b-values 0, 1000). On the DWI 

images with b-value 1000 s/mm2, cholesteatoma becomes apparent as a hyperintense 

area. The signal intensity should be higher than visible on the DWI images with b-value 

0 s/mm2. On the Apparent Diffusion Coefficient (ADC) map, a low signal should be 

visible in the same area, confirming the presence of diffusion restriction.  

The characteristics of cholesteatoma in MRI are: iso signal with or without peripheral 

enhancement on post-gadolinium T1-weighted sequences, and iso signal on T2-

weighted sequences. Associating delayed (30–50 minutes, or ideally 45 minutes 

according to certain authors) gadolinium-enhanced T1-weighted sequences improved 

diagnosis of residual cholesteatoma. The cholesteatoma never shows enhancement, 

appearing in hypo signal with respect to surrounding tissue.(64) 

Recent advances include diffusion weighted MRI for the detection of primary, residual 

and recurrent cholesteatoma. It relies on the measurement of the motion of water in the 

target tissues. Different tissues have a predicted amount of diffusion which can help 

detect pathology. Cholesteatoma appears as hypersignal on diffusion weighted 

sequences. However, the limitations were distortions due to the multiple air-bone 
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interfaces. Mean sensitivity and specificity in classic diffusion-weighted sequences are 

respectively 81.6% (range, 77 to 86%) and 100%, and positive predictive value (PPV) 

and negative predictive value (NPV) respectively 100 and 75%(65). Cholesteatoma was 

found to produce a distinct turbo-spin echo (TSE) DW signal which help in clearly 

differentiating it from post-operative changes in the middle ear and mastoid cavity.(66) 

This technique of non-echo planar DW imaging improved spatial resolution and 

reduced threshold of detection to 3mm.(64) 

 High-resolution CT scanners and MRI, especially using diffusion and late sequences, 

now allow good quality radiological follow-up, eliminating the need for the second look 

surgery, provided several conditions are met during the first stage: experienced 

operator, resection considered to be complete, healthy mucosa and satisfactory aeration 

of the middle ear.(67) 
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Surgery in cholesteatoma: 
 

The main goal of surgery is to eradicate disease and to create a dry and recurrence-free 

ear. 

In early squamosal disease, prompt management of retraction pockets whether 

ventilation tubes in Grade 1 & 2 or surgical reinforcement in Grade 3 & 4 can prevent 

progression of disease.(68) 

For those who do not present early, two broad types of surgical technique are commonly 

applied: Canal Wall Up mastoidectomy (CWU) and Canal Wall Down Mastoidectomy 

(CWD). CWU mastoidectomy refers to the removal of all mastoid air cells while 

maintaining the integrity of the external auditory canal. While in CWD mastoidectomy 

there is removal of the bony posterior canal wall to create a common cavity which 

combines the ear canal and mastoid.(69)  

Systemic reviews place CWU procedures at a higher rate of recidivism (16.7-61%) than 

CWD procedures(0-13.2%).(70) While there are studies that do not show a significant 

difference in hearing outcome, one cannot negate the difference in time to healing in 

the two techniques.(71,72) CWU procedures usually requires a shorter period of healing 

in comparison to the CWD method which may take months to heal with the risk of 

continuous cavity problems. With respect to recidivism, multiple studies do not show 

significant difference between the two methods. (63) However, there is no end to the 

debate between which technique is better with sizable evidence on both sides of the 

argument. 

 



44 
 

Canal Wall Up Mastoidectomy (CWU): 

Canal wall up procedures preserve the posterior bony external auditory canal wall and 

the tympanic sulcus to allow for tympanic membrane reconstruction in its anatomical 

position. The initial steps include a cortical mastoidectomy where disease in removed 

from the mastoid antrum and air cells. Middle ear disease is removed via trans canal or 

posterior tympanotomy approach.  Reconstruction of hearing mechanism may be done 

with temporalis fascia graft with or without ossicular reconstruction. Recent variations 

include removal of a portion of the posterior bony canal and then reconstruction of the 

defect with alloplastic material, cartilage or bone. 

The surgical site is prepared and infiltrated with local anaesthetic. C-shaped incision is 

placed 1cm behind the post-aural crease. Incision is carried down superiorly to the 

temporalis fascia and the same is harvested for grafting purposes. Periosteal flap is 

raised exposing the mastoid cortex. Various sizes of burrs with enough irrigation are 

used to drill into the cortex. The landmark for the mastoid antrum is the dome of the 

semi-circular canal on its floor. Important steps to locate antrum include saucerization, 

identifying the tegmen plate and thinning of the posterior canal wall. All mastoid cells 

should be removed skeletonising the tegmen superiorly and the sigmoid sinus 

posteriorly. Identification of the facial nerve is another important step. Landmarks to 

identify the same are the horizontal semi-circular canal, the short process of incus , the 

posterior bony canal wall and the digastric groove. Opening the facial recess by 

posterior tympanotomy provides access to the middle ear from the mastoid. The 

epitympanum can be approached from both the canal side and the mastoid. In cases with 
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ossicular discontinuity, cholesteatoma can be accessed by removing the incus remnant 

and the head of malleus. 

The benefits of CWU include retaining the relatively normal architecture of the bony 

canal, avoidance of cavity problems, ease in fitting a hearing and no precautions with 

regards to water entry in swimming and so on.(71) Two-stage procedures have been 

advocated for paediatric cholesteatoma that extends into the mesotympanum and 

destroys the stapes in children, because of the high risk for residual disease(55). Though 

not mandatory the need for second look procedure should be determined during the 

initial procedure for cholesteatoma according to the surgeon’s discretion. Between 1970 

to 2007 47.2% of patients in McRackan’s study underwent second look surgery with 

48% of them having recurrent disease. Therefore, almost a quarter (22.7%) of their 

study group of 517 patients, had recurrence on follow up.(73) Location of 

cholesteatoma specifically with those in the sinus tympani had a statistically significant 

association with requiring a CWD procedure at second look.(73) However, Soldati et al 

found the rate of recurrence was inversely proportional to the number of surgeries 

performed by a surgeon with 26% for those with 350 otological surgeries, 15% in the 

senior surgeons with 1715 procedures and 34% for the least experienced. Though not 

statistically significant,  the article recommended that CWU procedures in paediatric 

disease were undertaken by experienced surgeons.(74) 
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Endoscopic Ear Surgery: 

The use of endoscopes in otology is finding far-reaching uses and acceptance. In CWU 

surgical procedures for cholesteatoma endoscopes can be used for primary dissection in 

trans canal approach. In addition, endoscopic examination can be done after 

microscopic clearance where it was found that the common site of cholesteatoma left 

behind was the sinus tympani.(75) Residual disease rates during planned second-look 

procedures were similar whether surgery was performed with endoscopic dissection or 

microscopic dissection ± endoscopic inspection. Residual cholesteatoma was mostly 

found around the reconstructed ossicles or the cochleariform process.(76) 

The second look surgeries, a minimally invasive procedure to inspect the post-operative 

cavity in canal wall up surgeries has been established practice. Selective second-look 

surgery is a reasonable choice in children deemed endoscopically free of disease at the 

completion of primary surgery.(77,78) 

Advantages of Endoscopic Ear Surgery(EES) include wider viewing angles with use of 

angled endoscopes, increased depth of field to allow more structures to be in focus 

simultaneously, and better resolution with magnification, resulting in the ability to 

visualize and access cholesteatoma in many cases using a trans canal approach. Use of 

EES for cholesteatoma removal in the paediatric population was found to result in less 

need for mastoidectomy and higher rates of trans canal surgery.(77) Endoscopy is 

especially useful in paediatric cholesteatoma cases with disease medial to the ossicles. 

Visualization of the sinus tympani and hypotympanum is improved as compared with 

that of microscopy. Small disease in and around the stapes footplate can be eradicated 

with greater assurance with the addition of endoscopy.(79) 
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Canal Wall Down Mastoidectomy (CWD): 

This procedure is performed to eradicate all mastoid and middle ear disease in which 

the mastoid antrum, mastoid air cells, aditus, epitympanum, hypotympanum and 

mesotympanum are converted into a common cavity exteriorized to the external 

auditory meatus. When there is no attempt to restore hearing a radical mastoidectomy 

is done where the eustachian tube is occluded and the malleus and incus are removed, 

the tympanic membrane is removed with no placement of graft. This is usually done in 

cases where cholesteatoma cannot be excised as in cochlear fistula, disease extending 

to petrous apex etc. In modified radical mastoidectomy however, existing disease is 

exteriorised by appropriate removal of bone and an attempt is made to maintain a 

separation between the middle ear and the external auditory canal. 

Crucial steps include saucerising the cavity aggressively, eliminating cavity 

irregularities and overhangs, removal of the posterior canal up to the level of the facial 

nerve and a good meatoplasty. 

Strong indications for CWD include extensive damage to the posterior canal wall by 

the disease, severely contracted mastoid with low- lying tegmen and anterior sigmoid 

plate which restrict visualisation in CWU. It is also advocated as the solution for only 

hearing ears and in the case of labyrinthine fistula. A relative indication is the failure of 

previous CWU surgeries with recurrence.(71) Certain disadvantages of CWD are that 

the cavity requires regular cleaning and can be associated with recurrent infection, water 

intolerance, calorie induced vertigo and difficulty in wearing a hearing aid.(80) The 

problems of mastoid cavities can be reduced by good surgical technique creating a 

rounded and smoothly contoured cavity with no overhanging ridges and no facial ridge 



48 
 

to allow for migration of epithelium. There should be no communication between the 

mastoid cavity and the mesotympanum and eustachian orifice. This is achieved by 

repairing the tympanic membrane. The meatoplasty should be adequate. Cavity 

problems can also be avoided with a mastoid obliteration using fascia, vascularised 

mucoperiosteal flaps, cartilage and bone pate. This reduces the final volume of the 

cavity and maintains the cavity shape rendering the ear free of discharge and 

maximising self-cleaning.(81,82)  

Where in CWU mastoidectomy failure was secondary to retraction pocket formation 

this is unlikely in CWD as the whole epitympanum is exteriorised.(74) Prognostic 

factors for residual disease were found to be disease in the posterior mesotympanum, 

ossicular discontinuation and limited experience of the surgeon.(83) 

 

Mastoid obliteration: 

Mastoid obliteration is a surgical approach that seeks to combine the two afore 

mentioned techniques. In CWD procedures with obliteration the posterior canal wall is 

removed temporarily and is replaced at the end of surgery or if permanently removed, 

it is reconstructed with autologous or non-autologous material.(84) . These materials 

can be autogenous bone, cartilage, free or vascularized tissue and biocompatible 

alloplastic materials. Biologic free grafts include, cortical bone pate, autologous bone 

chips, cartilage, fat and fascia. Cartilage is usually taken from the conchal cartilage 

whereas cortical bone pate is harvested from the mastoid cortex during the drilling 

process without retaining diseased bone. The bone chips or pate are rinsed in antibiotic 
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solution and replaced within the mastoid cavity and moulded into the desired shape. 

Non- biologic free graft materials include hydroxyapatite crystals, calcium phosphate 

ceramic granules and bioactive glass ceramic. In cases where there is doubt regarding 

cholesteatoma clearance hydroxyapatite is not preferred as re-exploration is made 

difficult. A combination of various flaps and techniques can be used to achieve the 

desired result, including the Palva flap which is a meatally-based musculoperiosteal 

flap, the middle temporal artery flap, the Hong Kong flap or deep temporalis fascia flap, 

the temporoparietal fascial flap (TPFF), pedicled superficial temporalis fascial flap, 

postauricular-periosteal-pericranial flap, temporalis muscle flap, inferiorly based 

fascioperiosteal flap and postauricular myocutaneous flap.(85) 

 In principle it prevents recurrent retraction of the tympanic membrane, reduces surface 

area for mucosal gas exchange thereby improving it and provides an unfavourable 

environment for growth of residual cholesteatoma.(86) 

In CWU tympanoplasty with mastoid obliteration, the rates of recurrence and residual 

disease were 0.28% and 4.2% respectively, while in CWD tympanoplasty with mastoid 

obliteration, it was 5.9% and5.8%, respectively. 

 

Recurrent vs Residual disease: 

Incomplete local resection of pathological squamous epithelium at the time of surgery 

leads to residual cholesteatoma whereas recurrence refers to the development of 

cholesteatoma after complete surgical removal and when there is a newly formed lesion 

from a retraction pocket.(87) 
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Residual disease was found principally in 3 situations: (i) where disease was 

intentionally left on fragile structures, (ii) in severely inflamed ears where mucosal 

oedema and blood hid disease, and (iii) with widespread or spontaneously ruptured 

cholesteatoma where complete resection was less likely.(79) 

Drahy et al found in their series of first line canal wall up surgical management that the 

recurrence rate was 27% with 9% of residual cholesteatoma and 18% of relapses(67) 

In descending order the most common location for recurrence was the attic, followed 

by the mastoid and then the sinus tympani.(73) There is a higher incidence of recurrence 

during long-term follow up in patients in whom residual cholesteatoma was detected 

during second stage surgery.(88)  

McRackan et al in their study encompassing 37 years found that 81.8% of their patients 

had ossicular destruction of which the incus was the most commonly affected followed 

by the malleus and then the stapes. They also found that there was a statistically 

significant higher risk of recurrence with only incus erosion. (OR = 1.65; 95% CI, 1.01-

2.71; P = .046) And if there was removal of any ossicles at primary surgery there was a 

statistically increased likelihood of recurrence (OR = 2.07; 95% CI, 1.26- 3.41; P = 

.004). Therefore the only factor with decreased risk of recurrence of cholesteatoma 

which was statistically significant was, at primary surgery, the lack of ossicular 

destruction (OR = 0.39; 95% CI, 0.19-0.77; P = .007)(73) 
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Hearing: 

 

An auxiliary task in cholesteatoma surgery is to augment hearing whenever possible. 

The Wullstein classification described the degree of middle ear damage and the 

reconstruction method which was as follows:(89) 

Type I: Middle ear practically restored to normal; tympanic membrane and middle ear 

intact. 

Type II: Middle ear of approximately normal size is preserved despite slight defects of 

the ossicles.  

Type III: Large defects of the malleus and incus warrant the removal of the ossicular 

chain and of the epitympanum. The tympanic membrane must be directly connected 

with the head of the stapes.  

Type IV: The stapedial footplate is movable, but the crurae are missing. The 

tympanoplasty reconstructs a middle ear comprising only of the tube and the 

hypotympanum with sound protection for the round window. 

Type V: The stapedial footplate is fixed and a fenestra novovalis is necessary 

This classification was subjected to several modifications, the most widely used being 

the modification by Nadol and Schuknecht.  In their changes they removed the types 4 

and 5. They also subdivided Type 3 into: Stapes columella. Minor columella and Major 

columella. 
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Nadol and Schuknecht modification of the Wullstein classification:(90)  

Type I: Myringoplasty (intact and mobile ossicular chain)  

Type II: Use of prosthesis to connect a discontinuity between the long process of incus 

and stapes head  

Type III: Subdivided into three categories:  

Stapes columella: placement of TM graft on the stapes head 

Minor columella: strut from stapes head to manubrium / Tympanic membrane  

Major columella: strut from stapes footplate to manubrium / Tympanic membrane. 

Therefore, based on pre-operative and intra-operative observations one could choose 

the type of tympanoplasty or ossicular reconstruction best suited. 

Once must account for confounding factors like the preference of canal wall down 

procedures in patient with severe ossicular destruction and poorer hearing. Post-

operative air-bone gap in many studies have shown little change in CWD procedures 

while CWU procedures showed improvements in air-bone thresholds of 9-10dB.(91,92)  

Initial ossicular involvement represents a factor of poor hearing prognosis. One of the 

essential elements determining the hearing prognosis appears to be preservation of the 

stapes superstructure. (67) A retrospective study reported an air-bone gap of less than 

20 dB in 63% of patients treated by CWU procedures and 59% of patients treated by 

CWD procedures with an intact stapes versus 45% and 46% in the case of erosion of 

the stapes superstructure, respectively.(93) Patients with a pre-operative AB Gap of 

>30dB were found to have a statistically significant association with residual AB Gap 

>20dB.(73)  
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The relative superiority of hearing improvement in CWU can in part be due to formal 

ossiculoplasty that previous studies have not emphasized. Chadha et al found the Saleh 

and Mills staging a useful guide. This was the Site- Ossicles- Complications 

classification system that allowed for a standard method of staging tympanomastoid 

disease. In this, ossicular status was described as: 

 

O0: if the ossicle chain is intact. 

O1: if incus is eroded but without chain discontinuity. 

O2: if incus and stapes suprastructure are eroded. 

O3: if the malleus head and incus are absent and stapes superstructure is eroded. 

 

Chadha observed that the eventual hearing outcome was significantly predicted by the 

pre-operative O stage. Thus, they correlated that the worse the destruction the poorer 

the hearing outcome. This gives further evidence that in order to maximize on long 

term hearing outcomes there is a need for early surgical intervention before extensive 

ossicular destruction.(94) 
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Follow up: 
 

As with any disease process, to be declared disease free or cured requires a patient to 

be observed for a prescribed time period. There is no consensus on the appropriate 

follow up duration in patients who have undergone surgeries for cholesteatoma. With a 

mean period of 15.4 year follow up, Kuo et al found 71.4% of the patients with 

recidivism were detected more than 10 years post-surgery with the rate of recidivism 

increasing with follow up time.(69) In another instance, recurrent cholesteatoma was 

detected in 22.7% in a long term study with a mean total follow up of 36.5 

months.(73)  The rate of residual cholesteatoma tends to decrease as the age 

increases.(88) 

Whatever the stage or time of recurrence, cholesteatoma if detected on follow-up needs 

to be addressed. The detection of the same entails either suspicion on clinical 

examination or specialised imaging as described earlier. 

Unreliable follow-up is of concern in patients from poorer communities, especially in 

developing countries where patients may have to travel great distances for their care, 

and is often mentioned as a reason to do CWD mastoidectomy for cholesteatoma to 

create a “safe” ear at the expense of restoring hearing. Poor communication and 

comprehension due to language and social barriers play a contributing factor and more 

emphasis needs to be placed on educating and empowering patients about the risks and 

repercussions of not managing their disease.(95)  
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Summary: 

 

Chronic otitis media is a significant health problem in the developing world. Low socio-

economic status, malnutrition and recurrent respiratory infections have been some of 

the risk factors identified. Complications of the disease with respect to spread of 

infection and hearing loss necessitates early intervention. Paediatric disease appears to 

be more aggressive and therefore extensive at presentation with high rates of recurrence.  

Imaging of choice remains to be High resolution computerized tomography of the 

temporal bone with MRI being useful in cases with complication. Diffusion weighted 

MRI has found favour as its detection of recurrent cholesteatoma may negate the need 

for second look surgery. The technique of choice for surgery (CWU versus CWD) is 

still debatable with comparable results in terms of hearing and rate of recurrence. Use 

of endoscopy has increased confidence in canal wall preservation and recommending 

second look surgeries. Patient follow up however remains difficult in settings where 

time and distance covered to access healthcare equals monetary loss. 
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MATERIALS AND METHODS 

Study design: 

Prospective observational study (IRB Min No:10947) 

Setting: 

This study was conducted at the Department of ENT, Unit-2, (Paediatric ENT) 

Christian Medical College, Vellore from 1st of June 2017 to 30th of June 2019. 

Data was collected peri-operatively and thereafter at follow-up at 3-6 months 

Participants:  

Children less than 18 years, who underwent surgery for squamosal ear disease at the   

Paediatric ENT unit between June 2017 and December 2018 were recruited.  

Inclusion criteria: 

• Patients diagnosed with squamosal ear disease under 18 years of age in the Department of 

ENT, Unit-2 who underwent surgery for squamosal ear disease for the first time between 

June 2017 to December 2018 

 Exclusion criteria:  

• Patients with recidivism post-surgery elsewhere for squamosal ear disease 

• Patients not willing for surgery  

            Patients who satisfied the inclusion were invited to participate in the study.  
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Method of selection: 

In patients who fulfil the above criteria, willing to take part in the study, an information 

sheet was provided. Thereafter, an informed written consent was obtained from the 

parents and assent from children over the age of seven years. 

Proforma: 

                A detailed questionnaire (attached in the annexure) was used by the primary 

investigator or the treating doctor to document demographic data and assess disease 

characteristics.  

The history proforma included details such as  

1. Age 

2. Gender 

3. Number of family members 

4. Number of siblings 

5. Socioeconomic status 

6. Presence of ear disease in other siblings 

7. History of allergies 

8. History of adenoid or tonsillar hypertrophy 

9. Birth weight 

10. Immunization status 
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Socioeconomic score(SES) was calculated from the father’s occupation, education and 

family income as per the Revised Kuppuswamy score, 2017.(96) This scale gives us a 

score of 3 – 29. The scores then are divided as follows: 

• Upper 26-29 

• Upper Middle 16-25  

• Lower Middle 11-15  

• Upper Lower 5-10  

• Lower <5 

Each child underwent detailed examination of the ear. This was done in the outpatient 

setting with an initial assessment using an otoscope and findings were then confirmed 

under microscopy using a Zeiss OPMI Pico microscope after appropriate toileting if 

required. 

 

Pure tone audiometry 

The procedure was explained to the child. The test was conducted in a quiet soundproof 

room, using headphones over both the ears. The patient was asked to sit still and not 

talk. The earphones were connected to a machine (PIANO GSI) that delivered sound of 

different intensity and frequency to ears, one ear at a time. A speaker could be used in 

smaller children who refuse to wear headphones). The audiologist will be seated on the 

outside of the sound booth and operate the audiometry equipment while testing hearing. 

The child was asked to indicate the softest level of sound level that he/ she could hear 

by either pushing a button or raising their hand when they heard the different tones. The 
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audiologist recorded each tone at the lowest possible volume to establish the hearing 

threshold of the patient.  

Pure tone thresholds indicate the softest sound audible to an individual at least 50% of 

the time. The result was plotted on an audiogram, which is a graph displaying intensity 

as a function of frequency.  

The average of 500, 1000, 2000 and 4000 Hz were calculated for air conduction, bone 

conduction. The average air-bone gap (ABG) was also noted. 

Degree of hearing loss was graded as per ASHA (American Speech-Language-Hearing 

Association)  

Degree of hearing loss in dB 

Normal                  -10 to 15 

Minimal                 16 to 25 

Mild                       26 to 40 

Moderate               41 to 55 

Moderately severe 56 to 70 

Severe                    71 to 90 

Profound                 91+ 
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Imaging: 

High resolution computed tomography (HRCT) of the temporal bone was used to assess 

extent of disease pre-operatively. A GE750 HD CT machine was used which gave 

image cuts of 0.625mm. This provided information on surgical anatomy and 

abnormalities like facial canal dehiscence etc. Four regions of disease were identified 

to afford easier comparison with intra-operative findings. 

1. Epitympanum 

2. Mesotympanum including sinus tympani 

3. Mastoid antrum (limited mastoid) 

4. Mastoid air cells  

Surgery: 

After thorough examination and investigations, the children and their parents were 

counselled regarding surgery and consent obtained for the same. The surgeries 

performed were either Canal wall up (CWU) or Canal wall down (CWD) procedures. 

There were done with the help of Leica M320 microscope camera or a Zeiss OPMI pico 

HD camera. Storz Oto-endoscopes were also used intra-operatively to confirm disease 

clearance. 

Canal wall up procedures: 

• Tympanoplasty with retraction pocket excision and atticotomy: Operation to 

eradicate disease in the middle ear and reconstruct the hearing mechanism by 

drilling out of the posterior-superior aspect of the bony canal to expose 

disease, excision of the retraction pocket and tympanic membrane grafting. 
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• Tympanoplasty with retraction pocket excision, atticotomy and attic 

reconstruction: Operation to eradicate disease in the middle ear and 

reconstruct the hearing mechanism by drilling out of the posterior-superior 

aspect of the bony canal to expose disease, excision of the retraction pocket 

and tympanic membrane grafting with reconstruction of the attic. 

• Tympanoplasty with retraction pocket excision, atticotomy, attic 

reconstruction and mastoidectomy: Operation to eradicate disease in the 

middle ear and reconstruct the hearing mechanism by drilling out of the 

posterior-superior aspect of the bony canal and exenteration of all accessible 

mastoid air cells to remove disease, excision of the retraction pocket and 

tympanic membrane grafting with reconstruction of the attic. 

Canal wall down procedures: 

• Modified radical mastoidectomy: Operation for eradication of disease in the 

middle ear cleft with exenteration of all accessible air cells into a single, 

smooth, self-cleaning cavity which is exteriorised through the posterior canal 

wall 

• Inside out mastoidectomy: Similar procedure as above with difference in 

approach 

 

 Follow-up: 

Patients were followed at one week post operatively when early complications were 

looked for. 

❖ Early complications: These include the following 
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Wound infection-Patient may complain of increasing ear pain and swelling around the 

incision site with or without dehiscence of the suture line 

Facial nerve palsy: This may present immediately post-op or have a delayed onset 

Dizziness or nystagmus. 

Thereafter they were followed up 3-6 months post-operatively and were assessed for 

the following: 

Canal wall up procedures: 

• Ear canal: Narrow or stenosed 

• Neotympanum: Unhealthy, retracted or residual perforation 

• Granulations present 

• Discharge present 

• Suspicion of cholesteatoma 

Canal wall down procedures: 

• Meatoplasty inadequate or stenosis due to inadequate removal of conchal 

cartilage when performing meatoplasty or from persistent infection 

• Cavity problems-granulations, discharge, perforation in tympanic region 

etc.  

• High facial ridge- inability to self-clean due to inadvertent sump effect  

 

At this point in follow-up post-operative audiogram was performed. Air- Bone gap was 

calculated. The difference between pre-operative and post-operative Air- Bone gap was 

used as a tool to assess improvement of hearing. 
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ANALYSIS: 

Sample size calculation: 

 Sample size was calculated by the formula below to be 72 

 

Quantitative variables:  

               This is a descriptive study. The only significant quantitative variable is the 

audiometry threshold averages. There is no comparison group for the same. 

 

Statistical methods:  

Data entry and data analysis was undertaken using SPSS. Descriptive statistics were 

reported using frequency and percentage for categorical variables and Mean+/-SD for 

continuous variables. Chi-square/Fisher's exact test was used to assess the association 

between the categorical variables. Two independent sample t-test was used for 

continuous variables. P value <0.05 was considered statistically significant. 

 
 

 



64 
 

RESULTS: 
 

The results of the prospective study of all the children operated for squamosal type of 

chronic otitis media in ENT-2 unit from 1st of June 2017 to 30th of June 2019 are 

presented below. Ninety-two children were recruited for this study. They ranged from 

as young as two years to 16 years with majority of them being males. Most of the 

children were from the lower middle socio-economic status followed by the upper lower 

class. Almost half the children came from large families of more than 5 members. The 

largest of which consisted of 27 members who lived as a joint family in the same 

building. 

Table 1 Demographic data. Values are n (%) or mean ± SD 
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Figure 18  Pictorial depiction of the place of origin of the subjects. 

 

Only 29.3% of our subjects were domicile in the same state of Tamil Nadu and nearby 

Andhra Pradesh. A sizeable number of our patients were from distant northern states 

like Jharkhand and West Bengal. We had 16 patients from our neighboring country 

Bangladesh and one from Nepal.  Other Indian states represented were Bihar, Assam, 

Tripura and Uttar Pradesh. (Fig.18) 

Out of the available data (i.e. 84% of the children) 7.8% of our children were low birth 

weight by WHO standards, 6.5% were not immunized up to date and 5.2% were unsure 

of immunization status. 44.6% (41 out of 92) had associated history of allergies and 

there were 2 children who were operated for cleft palate in early childhood. 
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Clinical features: 

Symptoms: 

All our children presented with ear discharge and of which 35(38%) children had 

bilateral ear complaints. There was an almost equal preponderance in the sides involved, 

right being 28 cases and left being 29 cases. Duration of ear discharge had a wide range 

from 2 months to 15 years. Of these, 63(68.5%) children had foul smelling ear discharge 

and 32(34.8%) had blood stained discharge. There was no history of hearing loss in 26 

(28.3%) cases. Four of the children had earlier undergone myringotomy and grommet 

insertion for otitis media with effusion which was not part of the current disease process. 

There were no children with history of facial asymmetry, dizziness or ear pain. 

Examination: 

Majority of the children on examination were found to have retraction pockets, while 

eight of them had associated aural polyps within the canal obscuring view of the 

tympanic membrane on initial examination. The distribution of the retractions is shown 

in Table 2. On comparison of the examination pre-operatively versus post-operatively, 

52 of the pars tensa retractions were identified pre-operatively versus 57 identified intra-

operatively. With respect to attic disease, 27 pars flaccida retractions were identified 

pre-operatively versus the 36 detected intra-operatively. Sixteen patients had both pars 

tensa and pars flaccida retractions.  

The tuning fork test of 59 % of the children corresponded with the audiometry. Type of 

hearing loss could be assessed, however degree of the same was not quantified. 
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Table 2 Examination findings of patients. Values are n (%) 

 

Imaging: 

HRCT Temporal bone was used to assess disease extent pre-operatively.  

 

Figure 19 Distribution of disease as seen on CT scan (Nine of the children did not 

have an available CT scan) 

For ease of comparison, four regions were identified i.e. disease in the epitympanum, 

disease in the mesotympanum including sinus tympani, limited mastoid disease, disease 

extending into mastoid air cells and. (Fig 19). More than 70% of patients had disease in 
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each region with the most commonly involved site on scan being the epitympanum with 

81.9% 

 

Figure 20 Incidence of cholesteatoma in different regions of the middle ear cleft 

as seen intra-operatively 

The intra-operative findings also showed a similar trend with these four regions. 

However, this was in lesser proportions than on imaging (Fig.20). 76% of the patients 

(72 of the 92) had disease in the epitympanum. Extensive mastoid air cell involvement 

was seen in 45.6% 

 The sensitivity of disease detection in the epitympanum, mesotympanum,mastoid 

antrum (limited disease), mastoid air cells and the mesotympanum were 88.1%, 86.5%, 

90.2% and 86.5% respectively. Detection of disease in the sinus tympani had a 

sensitivity of 90%, specificity of 74.4% and a PPV of 76.6%. 
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Surgery: 

Table 3 enumerates the types of surgeries and the reconstructions performed. Majority 

of the surgeries performed were canal wall up procedures (82.6%). These included 

tympanoplasty and atticotomy, with or without mastoidectomy. Canal wall down 

procedures accounted for the rest with either modified radical mastoidectomy or inside 

out mastoidectomy. The most common ossicular reconstruction was type 3b in CWU 

surgeries while it was Type 3c in CWD.  

Table 3 Operative data. Values are n (%) 
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Ossicles: 

The most common ossicle affected was the Incus followed by the Stapes. Seventy-four 

cases had an eroded incus. Stapes supra structure was normal in 50% of the cases. The 

Malleus was seen to be partially eroded in 29 of the patients and foreshortened in six. 

Bony erosions: 

Facial canal dehiscence was found in seven cases. One patient had inadvertent exposure 

of the horizontal segment of facial nerve with no deficit post-operatively. There was 

lateral semicircular canal bony erosion noted in three patients as part of the disease 

process. 

 

Figure 21 Proportion of materials used for Ossiculoplasty in our study       

TORP- Total Ossicular Reconstruction Prosthesis 

Most commonly reconstruction material used was the Partial Ossicular Reconstruction 

Prothesis (PORP) while only two patients had the incus refashioned.  
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Hearing: 

Majority of the patients (40.9%) had moderate hearing loss which was quantified by 

Pure tone audiometry pre-operatively. 

 

Table 4 Hearing thresholds. Values are mean ± SD (n=70) 

 

 

 

Figure 22 Distribution of hearing loss according to the pre-operative pure tone 

audiogram 

As per ASHA guidelines preoperative hearing loss was divided into minimal (<=25dB), 

mild (26-40dB), moderate (41-55dB) and moderately severe to severe (>=56dB). Most 

of our children fell into the mild and moderate groups. 
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Figure 23 The status of the incus (normal or abnormal) was compared to                

pre-operative hearing. 

 

In each category of hearing loss more than 50% of the patients had an abnormal incus. 

All the patients with moderate hearing loss had an abnormal incus. p-value:0.000. Three 

patients in the >56dB hearing loss group had a normal incus. Two had mixed hearing 

loss. They also had retraction pockets, either posterosuperior or attic, without 

cholesteatoma. One of these children had a history of myringotomy and grommet 

insertion with adenotonsillectomy in early childhood. 
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Figure 24 Choice of surgery type compared to pre-operative degree of hearing loss 

 

 

 

Of the surgeries done for patients with minimal hearing loss 94% were CWU 

procedures. Out of the 36 patients in the moderate hearing loss group only six required 

CWD surgery. In the group with the worst hearing 75% of the procedures were CWU. 

This could be explained by the fact that despite the hearing, disease extent was limited. 
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Figure 25 Post-operative hearing assessed between 3-6 months during follow-

up based on change in pre-operative and post-operative air-bone gap in CWU 

and CWD procedures 

 

Pre-operative and post-operative bone conduction for audiograms were comparable 

with only 2% showing minimal worsening of bone conduction. More than half of the 

children had improvement in the air- bone gap. This was found to be irrespective of the 

type of surgery with an almost comparable result in those with more than 10dB of 

improvement.  
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Figure 26 Patients were divided into 4 groups based on pre-operative hearing 

and this was compared with the change in Air-Bone gap post-operatively. 

 

When compared with the severity of pre-operative hearing loss, it was found that the 

moderate hearing loss group had the maximum hearing improvement of more than 10 

dB post operatively. For those children who had minimal to mild hearing loss there 

was no appreciable statistical change 
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Figure 27 In the CWU procedures, the severity of pre-operative hearing loss 

was compared to the change in post-operative air-bone gap post-operatively. 

 

It was observed that all 3 patients in the moderately severe to severe hearing group 

had more than 10dB difference. Out of those in the moderate hearing loss group, 75% 

of the patients had a positive change with improvement of hearing. Those in the 

minimal and mild hearing loss group had an almost equal distribution among all the 

possible air-bone gap changes. 
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Figure 28 In the CWD procedures, the severity of pre-operative hearing loss was 

compared to the change in post-operative air-bone gap post-operatively. 

 

 

 

All patient with CWD had more than minimal hearing loss. Both patients with more 

than 56dB hearing loss pre-operatively had improvement in hearing, while 80% of those 

in the moderate hearing loss group had similar results. 

 

 

 

 

 



78 
 

Table 5 Early post-operative data at one week follow up. Values are n (%) 

 

 

All 92 cases were reviewed at one week post-operatively. Three cases had minimal 

gaping of the post-aural wound, which was treated conservatively with oral antibiotics 

and daily dressings. None of the children had complaints of facial asymmetry or 

dizziness. 
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Table 6 Post-operative data on follow up at 3-6 months. Values are n (%) 

 

 

Seventy-eight (84.8%) of the patients followed up at 3-6 months. Of these, 12.7% of 

those who underwent CWU procedures and 6.7 % of those who underwent CWD, had 
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a suspicion of recurrence. They were examined under the microscope and were found 

to have features suggestive of epithelial pearl behind the neotympanum or epithelial 

flakes seen in the mastoid cavity Four of the children who underwent CWU surgery 

had perforation in the neotympanum. Only one of the children post CWD surgery had 

a discharging cavity and one of the meatoplasties was inadequate. The rest of the 

mastoid cavities were well epithelialized with only three having minimal granulations. 
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DISCUSSION: 
 

Acquired cholesteatoma has an annual incidence ranging from approximately 9 to 12.6 

cases per 100,000 adults and from 3 to 15 cases per 100,000 children.(1) Indian studies 

have shown a prevalence of 12-28% squamosal disease in school going children.(45,46) 

While there are many studies that look at specific aspects of squamosal ear disease in 

children, there is a paucity of literature on the clinical profile and demographic data of 

children with this condition as well as early surgical outcomes. Hence, we attempted to 

comprehensively investigate the above in our setting and in addition we evaluated post-

operative outcomes of hearing and early complications. 

We had a male predominance with our children, with an average age of 10.46 years. 

According to the revised Kuppuswamy scale more than 70% of our patients fell within 

the lower middle or the upper lower category. This correlated with the standard 

population of patients attending our hospital’s outpatient department. It is interesting to 

note that one of the two children who belonged to the upper-class category did not return 

for scheduled review despite having parents who were educated enough to understand 

the importance of follow up. India is a country where the custom of joint family living 

conditions is still popular. More than half of our children come from homes with 5 

members or more. While criteria like persons per room, floor space and sex separation 

are required to define overcrowding, majority of our lower socioeconomic scale patients 

lived in one-bedroom housing. Hence it is assumed that overcrowding could be a 

possible risk factor for development of squamosal ear disease as is seen in other 

developing countries. India has a low birth weight prevalence of 14.6% worldwide 

whereas in our study 7.8% of the children had a low birth weight.(97)  A 2015-2016 
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survey found that 62% of the population had been covered by immunisation. In our 

patients we were pleased to note that only less than 15% were either not immunised up 

to date or were unaware of their status.(98) Many studies have associated allergic 

rhinitis with chronic otitis media.  A South Korean study confirmed this as an 

independent risk factor as was seen in almost 45% of our patients.(99)  

Only 26% of our children were represented from the same state as this institution. The 

rest of the patients hailed from northern states and neighbouring foreign countries. 

All our children were brought to the Outpatient Department with their parents giving 

history of ear discharge. Unilateral disease was seen in most of the children with equal 

incidence in both the right and left sides. The second most common complaint was 

hearing loss. Only 28.3% of the children had no history of the same. This correlated 

with available literature.(100) None of the children had features suggestive of 

complications secondary to chronic otitis media while incidence in literature has been 

reported between 0.31% to 3.22%.(101,102) 

On examination majority of the children had retraction of the tympanic membrane. 

However not all were detected in the pre-operative examination as was evidenced by 

intra-operative findings. The reasons for the same could have been granulations or 

discharge obscuring the pockets and un-cooperative subjects making clear visualisation 

of findings difficult. Sade reviewed 308 ears and found that in 22% there was evidence 

of a pars tensa retraction. On follow up within a span of 4 years this increased to 31.5%. 

Attic retractions were found in 41.2% of the ears.(103) An Indian study showed a 

similar predominance of attic disease (63%).(104) In our study however we found a 

higher rate of pars tensa retractions(67.3%). 



83 
 

Studies on the correlation of HRCT temporal bone findings versus intra-operative 

findings agree that HRCT has a high specificity and sensitivity to detect cholesteatoma, 

identify extent, comment on bony erosion and ossicular status in most of the studies. 

There are studies that specifically mention its usefulness in detecting disease within the 

hidden areas like the sinus tympani and the facial recess.(105,106) Jose et al in his study 

concluded the same, but suggested limitation in identifying the status of the stapes.(107)  

We found that the detection of disease in the sinus tympani had a sensitivity of 90%, 

specificity of 74.4% and a PPV of 76.6%. However, with respect to other regions, in 

our patients we found a higher proportion of disease detection in CT. This could be 

explained by inter-rater bias or non-standardisation of image reporting. All the other 

regions had more false positives in the imaging. This could be due to the reporting of 

non cholesteatomatous soft tissue. Diffusion weighted MRI remains the gold standard 

in differentiating cholesteatoma from soft tissue  

Surgery performed depended on the extent of disease and was individualised to the 

requirements of the case. Out of the 90 patients, 76 underwent canal wall up procedures 

while the rest underwent canal wall down surgeries. One child in each group did not 

have reconstruction of the hearing mechanism as in the former a second stage surgery 

was planned, while in the latter there was evidence of severe to profound hearing loss. 

The most common reconstruction performed in CWU was type 3b and type 3c 

tympanoplasties in CWD using either PORP or TORP as reconstruction material. The 

most common site of cholesteatoma was found to be the epitympanum and as seen in 

literature the most common ossicle eroded was the incus.(108–110) 
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Hearing was assessed pre-operatively by Pure Tone Audiometry. Conductive hearing 

loss was the most common type of hearing loss followed by mixed and then 

sensorineural hearing loss.(111) Majority of the patients had moderate conductive 

hearing loss. In literature an average Air-Bone Gap (ABG) of 31dB has been described 

in association with chronic otitis media.(112) We found that our study group had a 

nearly similar average with 29.56dB. Degree of ossicular erosion has a known 

relationship with hearing loss. The earliest or most common ossicular to erode is the 

incus with the long process being affected in partial necrosis.(113) This was evidenced 

in our study by the fact that all the children in the moderate hearing loss group had incus 

necrosis. Those with worse hearing also showed the same except for three children, two 

of whom had a mixed hearing loss. 

We chose to use the difference in ABG pre-operatively and post-operatively as an 

indicator of hearing outcome. This was done keeping in mind that the Bone Conduction 

thresholds showed only a minimal change of 5dB. Improvement in ABG was seen in 

more than 50% of the children irrespective of the surgery type performed. When looking 

at improvement it was pertinent to segregate the children not only based on type of 

surgery done but also according to the pre-operative degree of hearing loss. The group 

which benefited the most from ABG change was those with moderate hearing loss. For 

those children who had minimal to mild hearing loss there was no appreciable statistical 

change due to the inherent degree of the pre-operative hearing. 

Studies highlight the association of better post-operative hearing thresholds with canal 

wall up surgeries. And while this holds true one must remember that this is dependent 

on patient selection. As those with more extensive disease and consequently poorer 
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hearing underwent canal wall down surgery while canal wall up procedures were 

preferred for children with limited or accessible disease.(88,114) In our data we found 

both groups of surgery types had similar hearing outcomes across the different degrees 

of pre-operative hearing. 

Early post-operative outcomes were assessed at the first visit post-operatively at one 

week and at the second visit within 3-6 months. Early surgical site infections in ear 

surgery occur in 4% of the population.(115) Our incidence of wound dehiscence was 

the same proportion. These patients were managed conservatively. Some authors have 

found the incidence of iatrogenic facial palsy post primary ear surgeries to be as high 

as 4%. None of our children presented with complications including facial asymmetry, 

dizziness or tinnitus. 

The incidence of recurrent disease in canal wall up versus canal wall down procedures 

has been disputed. Rosenfield suggested that the type of surgery performed had no 

bearing on the cumulative risk of recurrence.(83) He detected 39% of unsuspected 

residual-recurrent disease in 52 of the second look surgeries. Drahy found that all the 

recurrences in their study(19%) occurred after CWU procedures.(67) We had a 

suspicion of recurrent disease in 8 children out of 63 in the canal wall up group and 1 

out of the 15 in the canal wall group. These children were then planned for revision 

surgery. For this study, patients were followed up to 3-6 months wherein time to 

detection of recurrence is inadequate.  

Most of our patients present to our institution from far northern states and neighbouring 

countries like Bangladesh (70.6%). Duration of transport, time off from employment 

and financial constraints are some of the reasons cited for inability to review regularly 
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after surgery. However, we had a substantial follow-up of 84.8% of our patients. 

Telephonic reminders and care-giver education on the prognosis of the disease have 

encouraged patient follow up. 

Limitations: 

Our sample size 92 patients. India being a diverse country, not all states were 

represented in our study. Therefore, the results may not be representative of the country. 

Most studies describe recurrent disease at 4-5 years of follow up. Hence, our follow up 

time of 6 months is inadequate, owing to the study period. However, these patients are 

kept under follow up to 5 years to detect any recurrence of the disease, though it is 

beyond the scope of this study. 
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CONCLUSION: 
This study looked at the characteristics of squamosal type of chronic otitis media and 

its early outcomes in children who underwent surgery for the same, from June 2017 to 

June 2019.   In this study the most common age of presentation was 13 years with males 

finding more predominance. Around 70% of our children were from far northern states 

and foreign countries like Bangladesh. A similar percentage of children fell within the 

lower middle and upper lower socio-economic classes. Over-crowding, large family 

size, low birth weight, history of recurrent colds and allergic rhinitis were observed in 

association with the disease and could be possible risk factors. The most common 

presenting symptom was ear discharge followed by hearing loss and the pars tensa 

retractions were found in majority of patients (67.3%). None of our children presented 

with complications of chronic otitis media. In Paediatric cholesteatoma HRCT is part 

of the protocol which helps us to detect the extent of the disease involvement and 

complications. 

Hearing outcomes with improvement in ABG were found most beneficial in those 

children who had a pre-existing moderate hearing loss. There was no significant 

difference in hearing with the type of surgery performed i.e. CWU or CWD surgeries. 

The most common ossicular reconstruction was Type 3. There was a significant 

correlation between incus status and hearing. (p-value:0.000) 

Our patients had no early complication except for three cases of wound dehiscence. On 

follow up suspicion of recurrent disease was found in 12.7% of those who under CWU 

surgery and in 6.7% of those with CWD surgery. Follow up is a cause for concern with 

most of our patient travelling long distances but we had a dropout rate of only 15.2%. 
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ANNEXURE: 
 

List of Abbreviations used: 
 

COM – Chronic Otitis Media 

EAONO    - European Academy of Otology and Neurotology 

JOS - Japanese Otological Society 

miRNAs – Micro Ribo Nucleic Acid 

NF-κB - Nuclear Factor Kappa-light-chain-enhancer of activated B cells 

PTEN - phosphatase and tensin homolog 

PDCD4 - Programmed cell death protein 4 

IIS- inferior incudal space 

LIF Lateral Incudal Fold 

SIS – Superior incudal space 

SMF- Superior Malleal Fold 

AER – Anterior epitympanic Recess 

STR – Supra Tubal Recess 

CSF – Cerebro Spinal Fluid 

WHO – World Health Organisation 

IL – Interleukin 

PG – Prostaglandin 

TNF – Tumour Necrosis Factor 

CD – Cluster of Differentiation 

MMP – Matrix MetalloProteinase 
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CWU – Canal Wall Up 

CWD – Canal Wall Down 

HRCT - High Resolution Computerized Tomography 

MRI - Magnetic Resonance Imaging 

DWI – Diffusion Weighted Imaging 

ADC – Apparent Diffusion Coefficient 

PPV - Positive Predictive Value 

NPV – Negative Predictive Value 

TSE – Turbo-Spin Echo 

EES - Endoscopic Ear Surgery 

TPFF – Temporo Parietal Facial Flap 

TM – Tympanic Membrane 

ABG – Air Bone Gap 

ASHA - American Speech-Language-Hearing Association 

PORP - Partial Ossicular Reconstruction Prothesis 

TORP - Total Ossicular Reconstruction Prosthesis 

PTA – Pure Tone Audiogram 
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Clinical Research Forms: 

 

A study to understand unsafe middle ear disease in children and to find the results after 

surgery 

Information Sheet 

Purpose of research: 

 Unsafe ear disease in children is a major problem in a developing country like India. Our aim is to 

understand this disease better and find out how present treatment with different surgeries helped the 

child to become better. We will be measuring hearing before and after surgery and also whether the 

disease or complication is present after surgery. For assessment before surgery you will undergo an 

ENT examination and test which include X-ray or Endoscopy of the nose, Hearing tests and CT scan 

of ear and related structure. All these tests are part of assessing a child with unsafe middle ear disease.  

Participating in the study will not cost extra money or harm you in any way. 

Expected duration of the Subject’s participation:  

After surgery according to the standard plan of follow up, you will be required to come for 

check-up at six months post-surgery 

The status of your ear will be updated at this visit  

Description of the procedures: 

You will not be required to do any additional procedures specifically for this study. Procedures 

or therapies for management of disease will remain same (same as any other patient who is not 

involved in the study, and will include ENT examination, X-ray, Endoscopy of the nose, 

Hearing tests and Radiological imaging) 

 Pure Tone Audiometry: Pure tone audiometry (PTA) is a test to measure the hearing level in 

a patient. This test is done with the patient wearing headphones and the responses are recorded 

and used to measure type and degree of hearing loss 

Tympanometry: Tympanometry is an examination used to test the condition of the middle ear 

and mobility of the eardrum (tympanic membrane) and the conduction bones. This is done by 

means of inserting Soft tipped ear probes into the ear canal. The automated machine does the 

necessary recordings.  

X-ray Nasopharynx:  X-ray of the nasopharynx can be taken by sitting/ standing or supine 

position, with slight extension of the neck in the lateral view.  

Rigid nasal endoscopy: Nose is packed with cotton soaked in local anaesthetic agent 

(Lignocaine 4% solution) for duration of 10 minutes. Nasal endoscopy is done using a 

paediatric nasal endoscope with diameter of 2.7mm. The endoscope is introduced along the 

floor of the nasal cavity between the nasal septum and inferior turbinate to reach the space 

behind the posterior end of nasal cavity..The adenoid tissue present here will be measured.  

HRCT Temporal bone: 

The technologist begins by positioning you on the CT examination table, usually lying flat on 

your back. Straps and pillows may be used to help you maintain the correct position and to 

help you remain still during the exam. In special cases, sedation may be given for children 



99 
 

who cannot hold still. Motion will cause blurring of the images and degrade the quality of the 

examination the same way that it affects photographs. 

You may be asked to hold your breath during the scanning. 

When the examination is completed, you will be asked to wait until the technologist verifies 

that the images are of high enough quality for accurate interpretation. 

A CT scan of the head is usually completed within 10 minutes 

 

 

Risks or discomforts to the Subject:  

As the study doesn’t include any trial treatment, there is no extra risk for you due to your 

participation in the study. There may be minimal discomfort during the nasal endoscopy 

Benefits to the Subject:  

The benefit of this study to you is that the doctors treating your condition will be better 

informed regarding the causes of this illness. This may indirectly affect your treatment. 

Benefits to others:  

This will help us to understand the problem better and will help us to find out the most 

effective method of detection of the causes for this condition. We hope that the knowledge 

obtained will help us to improve the quality of care given to individuals with this type of 

illness at our centre. 

Confidentiality:  

Your identity will be strictly kept confidential and the information may be published in a 

scientific journal without any personnel information. No one other than the treating doctors 

and the investigators of this study shall have access to your medical records.  

Participation:  

Your participation in the study is voluntary and you are free to withdraw at any time, without 

giving any reason. Refusal to participate in the research study will not involve any penalty or 

loss of benefits to which you are otherwise entitled. 

Cost to the Subject ; 

There is absolutely no additional cost to you as a result of participation in this study. 

Contact Person 

Dr. Rashmi Tanya Boaz. Dept. of ENT, CMC Vellore 
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A study to understand unsafe middle ear disease in children and to find the 

results after surgery 

INFORMED CONSENT 

Study Number: 

Subject’s Initials: _________ Subject’s Name: ________ 

Date of Birth / Age:_______                            Phone no.: 

Please initial box  

(i) I confirm that I have read and understood the information sheet dated 

_________ for the above study and have had the opportunity to ask questions. [ ] 

(ii) I understand that my participation in the study is voluntary and that I am free 

to withdraw at any time, without giving any reason, without my medical care or 

legal rights being affected. [ ] 

 (iii) I understand that the Sponsor of the clinical trial, others working on the 

Sponsor’s behalf, the Ethics Committee and the regulatory authorities will not 

need my permission to look at my health records both in respect of the current 

study and any further research that may be conducted in relation to it, even if I 

withdraw from the trial. I agree to this access. However, I understand that my 

identity will not be revealed in any information released to third parties or 

published. [ ] 

(iv) I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purpose(s) [ ] 

(v) I agree to take part in the above study. [ ] 

Signature (or Thumb impression) of the Subject/Legally Acceptable 

Representative:_____________ Date: _____/_____/______ 

Signatory’s Name: _________________________________ 

Signature of the Investigator: ________________________ Date: 

_____/_____/______ 

Study Investigator’s Name: _________________________ 

Signature (or Thumb impression) of the  

Witness: ___________________________ Date:_____/_____/_______ 

Name of the Witness: ______________________________ 
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A study to understand unsafe middle ear disease in children and to find the 

results after surgery 

ASSENT FORM 

My name is [-----------------------------------------]. I want to tell you about a research 

study we are doing. A research study is a way to learn more about something. I am 

trying to learn about unsafe ear disease in children of your age group.  You are being 

asked to join the study because you also have a similar problem.   

If you agree to join this study, we will collect information about you, about your 

condition and details of your surgery. In addition we will also look at your hearing 

tests before and after surgery and examine investigations. No additional tests will be 

done on you because of this study. 

This study will help us in understanding the illness better which occurs in other 

children of your age group and help us improve our treatment plans. 

Your parents or guardian have agreed for you to be in the study, and now it is up to 

you to join this study. You can say okay now and change your mind later. All you 

have to do is tell us you want to stop. No one will be mad at you if you don’t want to 

be in the study or if you join the study and change your mind later and stop.  

Before you say yes or no to being in this study, we will answer any questions you 

have. If you join the study, you can ask questions at any time. Just tell the researcher 

that you have a question. 

Agreement 

I have decided to be in the study even though I know that I don’t have to do it.  

 [-----------------------------------------------] has answered all my questions.   

  

______________________________   ________________ 

Signature(or Thumb impression) of Study Participant Date 

 

______________________________   ________________ 

Signature of Researcher     Date 
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Clinical Research Form 

Identification data: 

Name 

Hospital number 

Serial No 

Phone number 

 

1) Age 

2) Sex 

3) Date of Surgery 

Socioeconomic history: 

4) Revised Kuppusamy Scale score 

5) Number of family  members in house 

6) Number of siblings 

7) Do the siblings have squamosal ear disease  1. Yes  2.No  3.Don’t know 

8) Heating implement used:1.Firewood 2.Smokeless Chula 3.Gas stove 4.Electric induction 

Medical history: 

9) Birth weight in grams 

10) If Breast fed, until how many months 

11) Immunisation uptodate:                         1.Yes         2.No         3.Unsure 

12) Diagnosed adenoid hypertrophy:          1.Yes         2.No         3.Don’t know 

13) If yes what grade:                                  1.Grade 1  2.Grade 2 3.Grade 3  4.Grade 4 

14) Diagnosed tonsillar hypertrophy:          1. Yes        2.No         3.Dont know 

15) If yes what grade:                                  1.Grade 1  2.Grade2  3.Grade 3  4.Grade 4 

16) History of nasal allergy(Sneezing,watery nasal discharge etc):1. Yes  2. No 

17) Cleft Palate:                                           1. Yes  2.No 

 

Ear history: 

 

18) Discharge from which ear   :       1. Right     2. Left      3. Both 

 

 

 

Case Ear: 

19) Duration of discharge(yrs)  : 

20) Current status                       :     1. Discharge present    2. Discharge Absent 

21) Last episode (in months )    :     

22) Frequency                            :      1. Intermittent              2. Continuous 

23) Foul smell                            :      1.Yes                            2. No 

24) Blood stained                       :      1.Yes             2.No 

25) Hearing loss                         :      1.Right          2. Left       3.Both       4. None 

26) History of ear surgery         :       1. Yes            2. No 

27) If yes                                    :      1. Myringotomy and grommet insertion   2. Myringoplasty     

                                                    3. Others 

Non case ear: 

28) Duration of discharge(yrs)  : 

29) Current status                       :     1. Discharge present    2. Discharge Absent 

30) Last episode (in months )    :     

31) Frequency                            :      1. Intermittent              2. Continuous 

32) Foul smell                            :      1.Yes                            2. No 
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33) Blood stained                       :      1.Yes             2.No 

34) Hearing loss                         :      1.Right          2. Left       3.Both       4. None 

35) History of ear surgery         :       1. Yes            2. No 

36) If yes                                    :      1. Myringotomy and grommet insertion   2. Myringoplasty     

                                                    3. Others 

Ear Examination:  (Pre-operative) 

37) Post aural area                      :              1. Normal      2. Scar       3. Fistula       4. Abscess 

38) External auditory canal        :              1. Normal       2. Narrow 

39) EAC Discharge                    :              1.Yes              2. No 

40) EAC Polyp                           :              1. Yes             2. No 

      

Pars tensa: 

41) Appearance                          :              1. Normal        2. Thin      3.Retracted      4. Perforation 

42) Perforation                           :              1. Nil            2. Small        3. Moderate    4. Large    

                                                            5. Subtotal 

43) Perforation margin              :              1. Anteriorly absent          2. Posteriorly absent 

                                                            3. No rim all around         4.NA     

44) Retraction                            :              1. Grade 1     2. Grade 2     3. Grade 3     4.Grade 4    5. Nil 

45) Posterio-superior retraction pocket : 1. Yes               2.No. 

46) If yes Fundus seen               :              1 . Yes             2. No 

47) Cholesteatoma present         :              1. Yes              2. No 

48) Granulations present            :              1. Yes              2. No 

49) Middle ear mucosa               :             1. Normal        2. Congested      3.Edematous   

                                                            4. Polypoidal  5. NA 

50) Middle ear discharge            :             1. Glue     2.Mucopurulent    3. Serosanguinous    4.Nil 5.NA 

51) Tympanosclerosis                 :             1. Yes              2.No 

52) Malleus                                 :             1. Normal        2. Foreshortened       3. Eroded     

                                                            4. Not seen      5.NA 

53) IS Joint seen                          :              1. Yes              2. No           3.NA 

 

Pars Flaccida: 

54) Retraction                             :              1. Grade 1      2. Grade2        3. Grade 3   4 .Grade4     5. Nil 

55) Cholesteatoma                      :              1. Yes             2. No 

56) Granulations                         :              1. Yes              2. No 

57) Bony erosion                        :              1. No               2. Scutum      3. Posterior canal wall 

58) Malleolar fold                       :              1. Normal          2. Eroded 

Tuning Fork Tests: 

59) TFT                                      :               1. Reliable         2. Not reliable 

If reliable 

60) Rinne right                           :              1. Positive           2. Negative 

61) Rinne left                             :              1. Positive           2. Negative 

62) Weber lateralising to           :              1. Right               2. Left 

Investigations: 

Audiogram: (1,2,4 kHz) 

63) AC average Right: 

64) BC average Right: 

65) AC average left: 

66) BC average left: 

67) AB gap average Right 

68) AB gap average left  
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X-ray Mastoid:              

69) Test done  :              1. Yes     2. No 

If yes: 

70) Right:                       1. Pneumatic     2. Diploic      3. Sclerosed    4. Cavity       5. Other 

71) Left :                        1. Pneumatic     2. Diploic      3. Sclerosed     4. Cavity      5. Other 

X-ray PNS: 

72) Test done   :              1. Yes  2. No 

73) Findings     :              1. Normal       2. Air fluid level   3 . Hazy    4. Opaque    5. Other 

CT Temporal Bone: 

74) Regions involved                :            1. Epitympanum      2.Mastoid antrum       3.Mastoid air cells 

                                                         4.Facial recess         5. S.tympani                6. Oval window   

                                                         7. Round window   8.Eustachian Tube orifice 

75) Ossicles Present                   :           1. Yes          2. No      3. Partially present    4. N/a 

76) Facial canal                          :          1. Normal    2. Dehiscent.   3. Not identified 

77) Sinus plate                            :          1. Normal     2. Anterior      3. Dehiscent 

78) Tegmen plate                         :          1. Normal     2. Low lying   3. Dehiscent 

79) Anomalies noted                   :           1.No             2. Yes           __________________________ 

80) Complications noted             :          1.No              2.Yes            ___________________________ 

MRI: 

81) 1. Yes  2. No 

Surgery and intra-operative assessment: 

82) Side                                       :            1. Left                2. Right 

83) Approach                              :            1. Postaural        2.Endaural      3. Transcanal 

84) Anterior canal overhang       :            1. Yes-removed  2. Yes – not removed     3. Nil 

Pars tensa: 

85) Appearance                          :             1. Normal       2. Thin       3.Retracted       4. Perforation 

86) Perforation                           :            1. Nil              2. Small      3. Moderate     4. Large  5. Subtotal 

87) Perforation margin              :              1. Anteriorly absent          2. Posteriorly absent 

                                                            3. No rim all around         4.NA     

88) Retraction                            :              1. Grade 1     2. Grade 2     3. Grade 3     4.Grade 4    5. Nil 

89) Posterio-superior retraction pocket : 1. Yes               2.No. 

90) If yes Fundus seen               :              1 . Yes             2. No 

91) Cholesteatoma present         :              1. Yes              2. No 

92) Granulations present            :              1. Yes              2. No 

93) Middle ear mucosa               :             1. Normal        2. Congested      3.Edematous   

                                                            4. Polypoidal  5. NA 

94) Middle ear discharge            :             1. Glue     2.Mucopurulent    3. Serosanguinous    4.Nil 5.NA 

95) Tympanosclerosis                 :             1. Yes              2.No 

96) Malleus                                 :             1. Normal        2. Foreshortened       3. Eroded     

                                                            4. Not seen      5.NA 

97) IS Joint seen                         :              1. Yes              2. No           3.NA 

 

Pars Flaccida: 

98) Retraction                             :              1. Grade 1      2. Grade2        3. Grade 3   4 .Grade4     5. Nil 

99) Cholesteatoma                      :              1. Yes             2. No 

100) Granulations                   :              1. Yes              2. No 

101) Bony erosion                  :              1. No               2. Scutum      3. Posterior canal wall 

102) Malleolar fold                 :              1. Normal          2. Eroded 

 

Ossicles: 

103) Present                                   :          1. Yes     2. No     3. Partially present     4. N/a 
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104) Mobility                                :          1. Yes          2 .Partially mobile      3. No 

105) Malleus                              :         1. Normal   2. Foreshortened      3. Eroded  

                                                           4. Absent    5. Head nipped        6. Fixed 

106) Incus                                 :        1. Normal    2. Eroded    3. Absent    4. Fixed 

107) Stapes                               :         1. Normal    2. Absent suprastructure    

                                                   3. Fixed            4.Covered with granulation 

108) Mucosa preserved             :         1.Epitympanum    2. Aditus     3. Antrum   

                                                    4. SDA        5. Mastoid tip        6. Nil 

109) Chorda tympani                :          1. Preserved     2. Cut     3. Not identified. 

110) Otoendoscopy done          :          1. Yes       2. No 

Findings:_________________________ 

 

Mastoid 

111) Cell system                           :            1. Pneumatized       2. Diploic        3. Sclerosed 

112) Cholesteatoma present         :             1. Yes          2. No 

113) Regions involved                  :            1. Epitympanum      2.Mastoid antrum       3.Mastoid air cells 

                                                                   4.Facial recess         5. S.tympani                6. Oval window   

                                                                   7. Round window   8.Eustachian Tube orifice 

114) Antrum                               :             1. Normal     2. Granulation     3. Polypoidal mucosa   

                                                            4. Cholesteatoma 

115) Aditus                                 :             1. Patent                      2. Made freely patent  

                                                                    3. Made partially patent         4.Blocked 

116) Facial canal                           :             1. Normal            2. Eroded.        3. Not identified 

117) Facial nerve                           :            1. Not identified    2. In canal        3. Exposed   

                                                                    4. Bulging              5. Damaged     6. Decompressed 

118) Facial nerve injury                 :            1. 1st genu           2. Horizontal           3. 2nd genu   

                                                                    4. Vertical          5. Other                6. No injury 

119) LSCC                                     :            1. Normal           2. Fistua               3. Injured and repaired 

120) ET orifice                               :            1.Open                 2. Blocked          3. Not examined  4. 

Others 

121) Sinus plate                              :           1. Normal             2. Anterior           3. Eroded   

                                                                   4. Thrombosed    5.Removed          6 . Injured 

122) Tegmen plate                          :           1. Normal           2. Low lying        3. Eroded  . 

                                                                    4. Removed        5. Injured 

123) Sinus tympani                     :               1. Normal            2. Granulations     3. Thick mucosa  

                                                                    4. Cholesteatoma   5. Epithelium 

Operation details: 

124) Surgery Type                      :               1. Canal wall up                        2. Canal wall down 

125) If canal wall up                   :       1. Tympanoplasty with retraction pocket excision and atticotomy 

                                                            2. Tympanoplasty with retraction pocket excision, atticotomy and 

                                                                attic reconstruction 

                                                            3. Tympanoplasty with retraction pocket excision, atticotomy,  

                                                               attic reconstruction and mastoidectomy 

                                                             4. Others 

126) If canal wall down               :        1. Modified radical mastoidectomy 

                                                             2. Inside out mastoidectomy       3.Others 

127) Type of tympanoplasty        :        1. Type 1   2. Type 2   3.Type 3a  4.Type3b  5.Type3c  6. NA 

128) Ossiculoplasty done             :        1.PORP  2.TORP  3.Cartilage  4.Modified Incus  5. NA 

129) Attic reconstruction done    :         1.Yes   2.No   3. NA 

130) Neotympanum graft used    :         1. Temporalis fascia  2. Perichondrium  3.Cartilage   4. Others 

131) Anaesthesia                          :        1. GA   2.LA 

132) Surgeons                               :        1.Resident supervised by Senior Faculty 

                                                               2. Senior Faculty assisted by resident   
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                                                               3. Senior Faculty alone 

133) Intraoperative Injury to-      :          1. Tegmen       2. Sinus plate      3. Facial canal  

                                                                4. LSCC           5. Footplate          6. Others 

1st POST OPERATIVE VISIT:  

134) Post aural wound                   :          1.Healthy       2. Unhealthy    3. Wound dehiscence 

135) External auditory canal         :          1. Healthy       2.Unhealthy 

136) Facial paralysis                      :          1. Yes             2. No 

137) If yes,Grade                           :          1. Grade 1        2. Grade 2           3.Grade 3           4.Grade 4  

                                                                 5.Grade 5        6.Grade 6 

138) Dizziness                               :          1. Yes              2. No 

139) Nystagmus                            :           1. Yes             2. No 

POST OP VISIT (at 6 months) 

140) Post aural area                :            1. Healthy        2.Unhealthy 

141) Postaural fistula                :            1.Yes                2.No 

If Canal wall up 

142) Ear canal                           :            1.Normal          2.Narrowed 

143) Neotympanum                  :             1.Intact             2.Retracted       3.Perforated   

                                                               4.Granulations present          5.Suspicion of cholesteatoma 

144) Position of graft                :             1.Normal          2.Lateralised     3.Medialised 

If Canal wall down 

145) Meatoplasty                       :            1. Adequate   2. Narrow           

146) Cavity                                :            1.Well epitheliazed and healthy     2. Discharge present     

                                                                3.Granulations present     4. Suspicion of cholesteatoma 

139)Perforation in tympanic region:     1.Yes       2.No 

147) Facial ridge                        :            1. Normal           2. High ridge 

 

Pure tone audiometry:          

148) AC average Right: 

149) BC average Right: 

150) AC average left: 

151) BC average left: 

152) AB gap average Right 

153) AB gap average left  
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Data Sheets: 
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