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Verantwoording van de voorzijde van dit proefschrift 

Het stilleven op de voorzijde is geschilderd door Anja Brons 

De verschillende objecten hebben de volgende betekenis: 

 De stapel boeken staat symbool voor alle kennis waar ik uit geput heb, maar ook
voor de mensen die mij het meest hebben gesteund tijdens dit promotietraject

 De beker met het letterlijke ‘oor’ staat voor het mastoïd welke is gevuld met korrels
kunstbot.

Obliteratie met kunstbot komt terug in de hoofstukken 2.1, 2.2 en 3.3.

 In het model van slakkenhuis en evenwichtsorgaan is een gat waar te nemen in één
van de bogen.

Hoofdstuk 3.1 beschrijft een patiëntengroep met dergelijke defecten in het binnenoor.

 Bord met buikvet.

In hoofdstuk 2.3 wordt een operatietechniek beschreven waarbij buikvet wordt gebruikt om
het oor mee op te vullen.

 De oorhoorn.

Hoofdstuk 3.3 beschrijft de gehoorrevalidatie van patiënten na obliteratie van het mastoïd en
reconstructie van de gehoorgang.

 De viool.

Veranderingen in kwaliteit van leven worden beschreven in hoofdstukken 2.3 en 3.2. 
Een aardig detail is dat een viool ook een ‘slakkenhuis’ heeft. 

 De actie tussen de kat en de metseltroffel.

Lange tijd was men terughoudend in het gebruiken van de obliteratietechniek uit angst voor
het achterlaten van ziekte achter het vulmateriaal. Het volgende spreekwoord werd dan ook 
regelmatig aangehaald:

‘Hy heeft de kat in de kelder gemeestert. Dit zegt men van een lapzalver, die een wonde of 
zweer boven toeheelt, terwijl het quaad onder ineet en verkankert’ (Tuinman I., 313; vgl. ook 
II, 9).
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Introduction 

The ear is a multi-dimensional anatomical structure and a multi-functional organ. It contains 

two of the human sensory systems: hearing and equilibrium. Hearing is considered to be the 

most important sense in detecting danger and has a fundamental role in social interaction 

(1).  Due to the aforementioned functions, diseases of the ear can have major impact on 

patients’ wellbeing in general (2, 3). 

 

Normal anatomy of the ear 

The ear is divided in three parts: outer ear (pinna and external ear canal), middle ear 

(tympanic cavity and mastoid) and inner ear (cochlea, vestibular system and inner ear canal) 

[Figure 1] (4, 5).  

The external ear canal enables the transfer of sound from the pinna to the tympanic 

membrane (5, 6). It also protects the delicate deeper ear structures from the external 

environment like trauma and water (7). Sebaceous and apocrine glands in the lateral 

cartilaginous part produce ear wax which protects the ear against micro-organisms (8-10). 

The skin of the more medial located part of the ear canal as well as the lateral side of the 

tympanic membrane has the unique self-cleansing property of lateral epithelial migration 

towards the pinna (11). The tympanic membrane separates the external ear canal from the 

tympanic cavity and functions as another barrier and as a conductor of sound (1, 5, 12).  

The tympanic cavity contains the ossicles (malleus, incus and stapes) which transfer sound 

from the eardrum to the oval window (12, 13). The human auditory system responds in the 

20 hertz (Hz) to 20 kilohertz (kHz) frequency range and in the 105 Pascal (Pa) (threshold in 

quiet) to 102 (Pa) (threshold of pain) values of sound pressure (14, 15). This system is also 

able to identify pitch, timbre and direction of sound (14). The tympanic cavity is connected 

with the mastoid cells via the attic and antrum on one side and with the Eustachian tube on 

the other side (1). Both the functioning of the mastoid and Eustachian tube are necessary in 

controlling air pressure of the tympanic cavity (16, 17). The mucosal lining of the middle ear 

consists of different morphological epithelial appearances (18, 19). Despite the earlier 

suggestion of a dual epithelial origin to explain this different appearances (20), recently 

published data supports the hypothesis that epithelial differentiation takes place in epithelium 

of the same origin (21). 
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The inner ear consists of the cochlea, the vestibule and the semicircular canals and is 

divided in a bony and a membranous labyrinth (22, 23). The bony labyrinth is filled with a 

fluid that is continuous with and similar in composition to cerebral spinal fluid, known as 

perilymph (23). Endolymph flows through the structures of the membranous labyrinth (23). 

Movement of this endolymph activates hair cells in cochlea and vestibular system which 

trigger the generation of nerve signals sent to the brain (22, 24).  

 

Figure 1. Anatomy of outer-, middle- and inner ear                                                                                  

[reprinted and adjusted with permission from E. van Spronsen]. 

 

 

 

 

 

 

 

 

 

 

Chronic otitis media 

The most common disease of the ear is otitis media (OM) and one of its subtypes is chronic 

otitis media (COM) (1, 25). The prevalence of COM is approximately 2% in the United 

Kingdom (UK) and the World Health Organization (WHO) estimates COM to affect 0.9-4.7% 

of the global population (26, 27). Symptoms that can be caused by COM include otorrhea, 

hearing loss, otalgia, tinnitus and vertigo (1, 28). We use the classification of Wallis et al. to 

subdivide COM into different types [Table 1] (29). In mucosal COM there is a perforation in 

the tympanic membrane without (inactive type) or with (active type) inflammation and 

Outer 
ear 

Middle 
ear 

Inner 
ear 
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suppuration from the middle ear (29). In case of squamous COM a retracted tympanic 

membrane results in an inactive type (without cholesteatoma) or in an active type (with 

cholesteatoma) (29). In the next section we will evaluate the pathophysiology of COM with 

cholesteatoma. 

 

Table 1. Classification of chronic otitis media. 

 Mucosal Squamous 

Inactive Dry perforation Retracted tympanic membrane 

Active Wet perforation Cholesteatoma 

 

Chronic Otitis Media with cholesteatoma 

As depicted in Table 1 one of the types of COM is the formation of cholesteatoma. According 

to the EAONO/JOS Joint Consensus Statements cholesteatoma itself is defined as a mass 

formed by the keratinizing squamous epithelium in the tympanic cavity and/or mastoid and 

subepithelial connective tissue and by the progressive accumulation of keratin debris 

with/without a surrounding inflammatory reaction (30). Cholesteatoma is classified into two 

types: congenital and acquired (30). The congenital type originates from an ectopic rest of 

squamous epithelium (30-32). Acquired cholesteatoma, when it is not caused by trauma or 

surgery, is formed when the lateral epithelial migration of a part of the tympanic membrane is 

hindered (30). This can happen in a retracted part of the tympanic membrane or in a 

perforated membrane with medial epithelial migration as a result (33). In case of an intact 

tympanic membrane, most cholesteatomas originate in pars flaccida which is less fibrous 

and less resistant to displacement (33). In the retraction accumulation of keratin takes place 

and cholesteatoma is formed. Bacteria in the accumulated keratin produce antigens which 

will activate different cytokines and lytic enzymes (34). These cytokines lead to activation of 

osteoclasts with the consequence of bony erosion (34, 35). Cholesteatoma is often not 

confined to the tympanic cavity but has a growth pattern into the mastoid (36). The 

complications that may occur are multiple and usually secondary to chronic infection and 

bony erosion. They range from mastoiditis, facial nerve paralysis, perilymphatic fistula of the 

labyrinth to lateral sinus thrombophlebitis, intracranial meningitis, epidural or subdural 

abscess and even death (37, 38). 
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Despite the fact that cholesteatoma is known for more than 300 years, the aetiology remains 

elusive and several theories are promoted [Figure 2] (30, 33, 36, 39). None of these theories 

gives a complete explanation of all characteristics of the disease or have been indisputably 

proven. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most widely used etiological theory is that of Obstruction / Vacuum Retraction (40) 

[Figure 2]. This theory claims that a dysfunction of Eustachian tube and mastoid cell system 

leads to a vacuum in the tympanic cavity, which draws in a segment of the tympanic 

membrane as a so called pouch. A deepening of this pouch with accumulation of 

desquamated keratin can lead to cholesteatoma formation.  

According to the second theory of Squamous Metaplasia chronic inflammation of the 

tympanic cavity gives a transformation of the mucosal lining to keratinizing epithelium (41) 

Figure 2. Existing theories of cholesteatoma pathogenesis [reprinted and 
adjusted with permission from Jackler et al.] 
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[Figure 2]. Enlargement of the cholesteatoma would lead to lysis and perforation of the 

tympanic membrane, resulting in the typical appearance of acquired cholesteatoma.  

The third theory about Squamous Immigration assumes that the epithelium of the tympanic 

membrane migrates into the tympanic cavity through a traumatic or iatrogenic perforation in 

the tympanic membrane (42, 43) [Figure 2].  

In the fourth theory of Squamous Basal Hyperplasia basal keratinocytes are thought to 

penetrate the basement membrane driven by inflammation (44). Further medial migration of 

these keratinocytes leads to the formation of cholesteatoma.  

The most recently proposed fifth theory focuses on mucosal migration of the medial lining of 

the tympanic membrane (36). This mucosal migration leads to exerting traction on the 

tympanic membrane into the middle ear and next cholesteatoma formation as a result.  

 

Treatment of Chronic Otitis Media with or without cholesteatoma 

Over the last centuries a lot of different surgical techniques have been used to eradicate 

COM with or without cholesteatoma and to prevent recurrence of disease. Mastoid 

operations became part of the otological practice since about 1870 (38). Before that time so 

called ‘barber surgeons’ drained abscesses behind the ear by incision. Otologists started to 

open the mastoid with chisel and hammer to reach and drain infection. This practice evolved 

and currently a drill is used for this procedure called cortical mastoidectomy (38). Definitions 

of different types of ear surgery obtained from literature are depicted in Table 2 (38, 45-50).  

Radical mastoidectomy was developed for treatment of chronic otitis media or acute cases 

presenting with intracranial complications [Table 2] (38). Kuster and Von Bergmann 

performed the first dissection of several spaces of the attic, antrum and tympanic cavity, 

transforming these into a single large cavity. They presented this approach in 1888 (51). 

Despite the benefit of eradication of the disease with complete surgical view, facilitating 

maximal removal, the postoperative situation was unfavourable (38, 52). Hearing was often 

worse compared to before the operation and with the lack of a separated tympanic cavity 

patients suffered from continuous otorrhea. Gustave Bondy altered the procedure in 1910, 

making his procedure the precursor of the current modified radical mastoidectomy [Table 2 & 

Figure 3C] (53). He removed the bone up to the external wall of the attic with preservation of 

the tense part of the tympanic membrane and, if possible, the ossicles. However, such a 

modified radical cavity could have several disadvantages as well. Black described “the D’s”: 

Deafness, Discharge, Dizziness, Decay, Disfigurement, Discomfort, (the need to keep the 

ear) Dry, Distress, Dependency (on the otologist for cleaning), and Desperation to be rid of 
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the problem (54). These disadvantages made this surgery not ideal and therefore alternative 

surgical solutions were sought (38, 52, 55). House and Sheehy advocated in 1963 the 

removal of cholesteatoma by leaving the posterior canal wall intact [Table 2 & Figure 3B] 

(56). In this way they eliminated the need for lifelong postoperative care as is needed for 

radical cavities. Unfortunately, preservation of the canal wall had rates of recurrent (newly 

formed) and residual (left behind during previous surgery) cholesteatoma of almost 30% 

higher compared to radical mastoidectomies (57, 58).  

 

Table 2. Definitions of mastoid surgical procedures obtained from literature (38, 45-50) 

Surgical procedure Definition 

Radical mastoidectomy Removal of mastoid cell system, posterior canal wall, malleus, incus and 
tympanic membrane 

Modified radical 
mastoidectomy 

Removal of mastoid cell system, posterior canal wall, head of malleus 
and incus. Tympanic membrane left in place. 

Mastoidectomy with 
canal wall preserved 

Combined approach removal of disease through mastoid and canal wall, 
leaving the canal wall intact. 

Radical mastoidectomy 
with partial obliteration 

Obliteration of mastoid cavity and reconstruction of the canal wall and 
tympanic membrane. 

Mastoid obliteration 
after preservation of the 
canal wall 

Obliteration of mastoid cavity with original canal wall in place. 

Subtotal Petrosectomy Removal of all mastoid and middle ear cells. Preservation of cochlea 
and labyrinth. Obliteration with abdominal fat and blind sac closure of the 
ear canal. 

 

In order to tackle the high rates of recurrent and residual disease the obliteration technique 

was introduced (54, 59). Mastoid obliteration is based on the principle that the obliteration 

material prevents the tympanic membrane from retracting into the obliterated area (60). 

Another potential positive effect of obliteration of the mastoid is a reduction of mucosal 

surface for (inadequate) gas exchange, possibly limiting the recurrence of middle ear 

pathology (61). Reduction of epithelial growth after obliteration in animal models suggested 

that obliteration creates an unfavourable environment for residual cholesteatoma to grow 

(62).   
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There are several obliteration types such as partial obliteration of a radical cavity [Table 2 & 

Figure 3E] or preservation of the canal wall with mastoid cavity obliteration [Table 2 & Figure 

3D]. A last resort option is to completely obliterate the ear with a blind sac closure of the ear 

canal which is called Subtotal Petrosectomy [Table 2 & Figure 3F] (50).  

 

Figure 3. Different types of mastoid surgery in the axial plane (3A unoperated ear, 3B canal wall up 

mastoidectomy without obliteration, 3C canal wall down mastoidectomy without obliteration, 3D canal 

wall up mastoidectomy with obliteration, 3E canal wall down mastoidectomy with partial obliteration 

and reconstruction of the canal wall, 3F subtotal petrosectomy with abdominal fat obliteration). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Obliteration techniques can be divided into “filler” and “flap” techniques (55). Fillers are 

defined as free grafts like soft tissue or cartilage to (partially) obliterate the cavity. The flap 

method uses a vascularized local soft tissue flap which is rotated into the cavity. Blake was 

the first to describe a filler technique in 1906 using blood cloths as a dressing in mastoid 

A 

F E 

D C 

B 
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cavities (63). The blood cloth had to act as a fibrin scaffold to promote fibrous obliteration. 

The first flap technique was proposed by Mosher in 1911 (59). He took a flap of soft tissue 

from the back of the auricle and placed it in the mastoid cavity. The purpose of the flap was 

to shorten the healing, prevent deformity and to lessen the frequency of secondary 

operations. Many different types of obliteration procedures followed of which Black presented 

an overview in 1998 (54). Despite the numerous options for partial or complete obliteration it 

took almost 100 years for this technique to generally become part of the otologists practice. 

Although obliteration provides excellent results with low recurrence rates, it also carries the 

risk of obliterating and obscuring residual cholesteatomas (60, 64, 65). Follow-up by means 

of sensitive imaging is mandatory to prevent late complications after possible obliteration of 

residual cholesteatomas. Using Magnetic Resonance Imaging (MRI) with Diffusion Weighted 

Images (DWI) radiologic follow-up of the obliterated areas is possible making a second look 

operation no longer necessary (66-68). 

 

The obliteration technique in Amsterdam UMC, location AMC 

All operations mentioned in this thesis are performed in Amsterdam University Medical 

Centers (Amsterdam UMC), location Academic Medical Center (AMC). Since the definitions 

derived from literature are not very detailed (Table 2) we present in Table 4 and Figure 3 the 

obliteration techniques and how they are performed in Amsterdam UMC, location AMC. For 

obliteration bone pâté, hydroxyapatite granules and abdominal fat were used. Bone pâté is 

harvested from healthy autologous cortical bone. Manufactured hydroxyapatite is equal to 

dead human bone. The pores inside and between the granules allow ingrowth of living bone 

and fibrous tissue (69). Abdominal fat can be harvested from a small incision (4mm) on the 

left side of the umbilicus. The technique for revision radical cavity surgery with partial 

mastoid obliteration and reconstruction of the canal wall is derived from the technique of 

Yung et al. (69). Subtotal petrosectomy is performed according to the technique of Sanna et 

al. (50). 
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Table 4. Definitions of obliteration techniques used in Amsterdam UMC, location AMC 

Surgical procedure Definition 

Preservation of the 
canal wall and mastoid 
obliteration [Figure 3D] 

The posterior canal wall is left intact. Before obliteration, the 
epitympanum and posterior tympanotomy are separated from the middle 
ear with either autologous cartilage chips or the pericranial midtemporal 
flap, secured with fibrin glue. Bone pâté and/or hydroxyapatite is used 
for obliteration. 

Revision radical cavity 
surgery with partial 
mastoid obliteration and 
reconstruction of the 
canal wall [Figure 3E] 

Revision of the modified radical cavity is performed. A new posterior 
external auditory canal wall is then created using autologous cartilage 
and/or pericranial midtemporal flap. Bone pâté and/or hydroxyapatite is 
used for obliteration. 

Subtotal petrosectomy 
[Figure 3F] 

Removal of the posterior canal wall and complete exenteration of the 
mastoid cell system. The Eustachian tube is obliterated using the tensor 
tympani muscle and bone wax. Blind sac closure of the ear canal. 
Obliteration of the cavity with abdominal fat soaked in an antibiotic 
agent. 

 

Management of labyrinthine fistula 

One of the complications of COM with cholesteatoma is a labyrinthine fistula. Incidence is 

reported to range from 4-15% (70-74). A cholesteatoma-induced labyrinthine fistula can lead 

to loss of sensorineural hearing and equilibrium (75). However, during surgical removal of the 

cholesteatoma from the fistula this complication can also occur and therefore this kind of 

surgery is very challenging. In literature there is no consensus about how to manage 

cholesteatoma matrix on a labyrinthine fistula, how to reach the best chance of preservation 

of hearing and whether it is safe to obliterate such a mastoid (70, 72, 76).  

 

Impact of ear surgery on quality of life  

As mentioned before, the primary aim of otologists regarding the management of COM with 

or without cholesteatoma is complete eradication of disease and prevention of recurrence 

(52, 60, 77). Publications addressing this subject routinely show the results of these outcome 

parameters  (58, 60, 64, 78). Quality of life (QoL) after ear surgery is often a neglected topic 

(3, 79, 80). Besides afore mentioned physical symptoms of COM there are other factors 

which have their impact on patients’ lives. These include repeated visits to the hospital and 
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multiple courses of topical or systemic antibiotics (2). There is also an impact on social 

interaction because of reduced hearing and the psychological burden of a foul-smelling ear 

(2). A few disease specific questionnaires exist to administer patient reported outcomes (81-

83). For the Dutch population such a disease specific questionnaire does not exist yet. Only 

few publications have been presented with changes in QoL after specific ear operations (2). 

To our knowledge measurements of QoL after subtotal petrosectomy have not been 

presented at all. 

 

Hearing rehabilitation after mastoid surgery with obliteration 

Many publications about surgery for COM with or without cholesteatoma present pre- and 

postoperative audiometric data (69, 78, 84). The reason for presenting these data is two-fold: 

1) to show changes in bone conduction threshold and 2) to show changes in air conduction 

threshold. In case of postoperative hearing the ideal situation would be that a present air-

bone-gap (ABG) is closed and that there is no necessity of using a hearing aid. 

Unfortunately, this is not the case in many patients (69, 85). To our knowledge, little is known 

about the postoperative ability to wear a conventional hearing aid, especially after revision 

radical cavity surgery with obliteration of the mastoid and reconstruction of the canal wall 

(85).  

 

Aim and brief outline of this thesis 

The main goal of this thesis is to evaluate the surgical outcomes of the three aforementioned 

obliteration techniques [Table 4] like dry ear rate, residual and recurrent disease and 

postoperative hearing. Furthermore, several aspects to take in consideration when 

performing obliteration surgery were evaluated (i.e. obliteration in the presence of a 

labyrinthine fistula, impact of ear surgery on the quality of life and hearing rehabilitation after 

mastoid obliteration and reconstruction of the ear canal). 

The first obliteration technique investigated is the revision radical cavity technique with 

obliteration of the mastoid and reconstruction of the canal wall. For more than 15 years 

several patients with chronically discharging radical cavities were referred to our hospital and 

underwent revision surgery with partial obliteration. We report on the retrospective analysis 

of the results of this technique used in our centre to evaluate its effectiveness and safety 

(Chapter 2.1). Secondly, we report on the retrospective analysis performing the obliteration 
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technique in patients with an intact canal wall (Chapter 2.2). To complete the spectrum of 

obliteration we evaluated all subtotal petrosectomies of the last 30 years, reported the 

surgical results and evaluated the impact on postoperative quality of life and hearing 

(Chapter 2.3). We retrospectively evaluated our labyrinthine fistula cases in order to discuss 

the possibility of obliteration, prevention of residual disease and preservation of hearing 

(Chapter 3.1). To address the lack of a disease specific validated Dutch questionnaire we 

translated and validated the Chronic Ear Survey (CES) and used it to evaluate the subjective 

outcomes of the Dutch population (Chapter 3.2). Patients with a chronically draining radical 

cavity often are not able to wear a conventional hearing aid. Despite the fact that audiometric 

data is often presented in publications, no adequate translation has been made to the 

postoperative use of conventional hearing aids. We evaluated the surgical results of the 

same cohort as used in Chapter 2.1 supplemented with patients who were operated since 

the publication of that article. In this cohort we evaluated the hearing results and the ability to 

wear a conventional hearing aid after the operation (Chapter 3.3). 
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Abstract 

 

Objective 

This study aimed to evaluate the results of revision radical cavity surgery with mastoid 

obliteration using a standardised grading scheme. 

Methods 

A retrospective study was performed of 121 patients (122 ears) with chronically draining ears 

who underwent revision radical cavity surgery with mastoid obliteration between 2007 and 

2013. Surgical indications, patient characteristics, pre- and post-operative Merchant grade, 

and surgical outcomes were recorded. The main outcome measures were presence of a dry 

ear, time for complete re-epithelialisation, presence of residual or recurrent disease, and 

need for revision surgery. 

Results 

In the 5-year follow-up group (n = 31), dry ears were found in 97 per cent after 6 minor 

revisions and cholesteatoma-free ears were found in 97 per cent. In the total cohort, dry ears 

were found in 93 per cent after nine revisions and cholesteatoma-free ears were found in 98 

per cent. The median time for complete re-epithelialisation was eight weeks. There were no 

major complications. 

Conclusion 

In terms of the dry ear rate, residual cholesteatoma and time to complete epithelialisation, 

revision radical cavity surgery with mastoid obliteration produces very good results in 

concordance with published results, despite most patients suffering from very troublesome 

cavities prior to surgery. 
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Introduction 

 

Surgical treatment for chronically troubled ears is a widely discussed subject. Troubled 

cavities are defined as cavities with cerumen accumulation that need frequent cleaning at the 

out-patient clinic, are intolerant to water, and have frequent infection and otorrhoea (1). 

Surgical problems of radical cavities include a narrow meatus, high facial ridge and residual 

mastoid cells (1). Since Blake first described mastoid cavity obliteration in 1906 (2), several 

revision radical cavity surgery techniques have been proposed. For example, mastoid 

obliteration was proposed by Yung et al. (3). Such obliteration techniques have become 

more popular in recent decades because they might prevent residual or recurrent 

cholesteatoma growth into the mastoid cavity (1). Moreover, relatively new visualization 

techniques such as diffusion-weighted magnetic resonance imaging (MRI) facilitate adequate 

follow up (4). Yung et al. published the most recent overview of different obliteration 

techniques and materials in 2007, in which they reported a dry ear rate of 95 per cent in the 

total cohort and 100 per cent in the five-year follow-up group using their own technique. 

Since 2007, the same technique has been used at the Department of Otorhinolaryngology, 

Academic Medical Center, a tertiary referral center for otology in the Netherlands. The first 

objective of this study was to confirm the published results in a cohort of patients who 

presented at the Department of Otolaryngology, Academic Medical Center, for revision 

surgery because of persistent troublesome and draining cavities. Age-related outcomes were 

also evaluated. Patients with troublesome cavities are characterized by the need for multiple 

operations and multiple visits to an out-patient clinic each year. As well as affecting the 

troubled ear, the disorder also restricts patients’ activities and social interactions (1, 5, 6). 

The second objective was to grade troublesome cavities using the standardized format of 

Merchant et al (7). Results of added canaloplasty and/or meatoplasty to revision radical 

cavity surgery was also reviewed. In line with a previous suggestion by the senior author that 

changing the shape of the ear canal could be favourable in chronic otitis externa (8), this 

procedure was considered likely to be favourable for treating the present cohort.
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Patients and method 

 

Patients 

All patients with chronically troubled and/or draining mastoid cavities who underwent the 

obliteration technique (described by Yung et al. (3)) at the Department of Otolaryngology, 

Academic Medical Centre, between 2007 and 2013 were included in this study. Patients with 

canal wall up mastoidectomy and revision radical surgery without obliteration were excluded. 

The cohort was divided into paediatric, adult and elderly patient groups to evaluate possible 

age-related differences in outcome. 

Study design 

The medical records of all patients were retrospectively analysed. Patient characteristics, 

surgical indication, presence of dry ears, epithelialisation time, presence of residual or 

recurrent disease, and complications were recorded. 

Surgical technique 

The surgical technique of Yung et al. was used because it had previously produced good 

results regarding to dry ears and residual cholesteatoma (3). Surgery was performed by four 

different otologists. In all patients, a retroauricular incision was first made to prepare a 

vascularised mid-temporal flap. Revision of the modified radical cavity was then performed to 

eradicate all cholesteatoma and/or debris. The main filler used for obliteration was 

hydroxyapatite granules (1–2 mm diameter; TekniMed Ceraform®, soaked in ofloxacin 

eardrops (Trafloxal®)), sometimes combined with bone dust. A new posterior external 

auditory canal wall was then created using autologous tragal and/or conchal cartilage and 

the mid-temporal flap. One slight modification to Yung and colleagues’ technique was made: 

only the mid-temporal flap (and not the second inferiorly based periosteal flap) was used (3). 

When required, canaloplasty (as previously described by Van Spronsen et al.) and / or 

meatoplasty (as previously described by Mirck) was performed (9, 10).  

Patients underwent routine post-operative follow up at two weeks, four weeks, three months, 

six months and then annually. Interval diffusion-weighted MRI of the mastoid bone was 

performed after one year, three years and between five and six years. 
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Grading of troubled cavities 

Cavities were graded pre- and post-revision radical cavity surgery with mastoid obliteration 

as described by Merchant et al. (7): grade 0, a completely dry ear; grade 1, subjective feeling 

of wetness or one episode of otorrhoea of less than two weeks’ duration; grade 2, worsening 

of otorrhoea and presence of granulation tissue; and grade 3, a clear failure to control 

infection or a need for revision surgery. Merchant et al. suggested that post-operative 

grading should be done at 4–6, 7–12, 13–24 and 25–36 months (7). In the present study, 

grading was also performed after at least 36 months and at the 5-year follow up. It was 

decided to stratify patient groups by the time of last contact (TLC) after surgery rather than 

including all patients until they dropped out. 

Statistical analysis 

Data were analysed using Microsoft Office Excel 2010 (Microsoft, Redmond, Washington, 

USA) and are expressed as n (percentage) and median (range). Kaplan–Meier analysis was 

used to evaluate the residual cholesteatoma rate. Chi-square analysis was used to evaluate 

the results and to compare patient subgroups with and without canaloplasty and/or 

meatoplasty. 
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Results 

 

Patients 

Between 2007 and 2013, 121 patients (122 ears) underwent revision radical cavity surgery 

with mastoid obliteration. Patient demographics and age-related outcomes are shown 

in Table 1. In this cohort, the main presenting symptom was therapy-resistant otorrhoea (112 

ears; 92 per cent). Residual cholesteatoma without otorrhoea was present in four patients.  

 

Table 1. Participant characteristics and age-related outcome  

 Group  
 Paediatric Adult Elderly Total 
Patients (n) 10 97 15 122 
Female 1 (10) 39 (40) 6 (40) 46 (38) 
     
Previous ENT 
surgery, median 
(range) 

 
2 (1-4) 

 
2 (1-6) 

 
2 (1-5) 

 
2 (1-6) 

Dry ears 
- 5yFU group 
- TLC 

 
2 (100) 

10 (100) 

 
26 (96) 
96 (99) 

 
2 (100) 
13 (87) 

 
30 (97) 
119 (98) 

Residual 
cholesteatoma 
- 5yFU group 
- TLC 

 
 

0 (0) 
1 (1) 

 
 

1 (1) 
2 (2) 

 
 

0 (0) 
0 (0) 

 
 

1 (3) 
3 (3) 

Data are n (%) except where otherwise indicated. Paediatric group, age ≤ 16 years; adult group, 
age 17-64 years; elderly group, age ≥ 65 years. 5yFU = five-year follow up; TLC = time of last 
contact 

 

All patients had previously undergone surgery at least once and a maximum of six times 

(Figure 1). The median number of previous procedures was two (range one to six) and 

overall one-third of the total cohort had undergone at least three procedures. Figure 

1 provides an overview of the previous number of procedures per age group: paediatric, less 

than 18 years old; adult, 18–64 years old; and elderly, more than 64 years old. 

Table 2 lists pre-operative and outcome parameters for the total cohort and the five-year 

follow-up group. The present cohort and that of Yung et al. (3) were similar regarding patient 

numbers, time for complete epithelialisation and dry ear rate. The present cohort had 

significantly more draining cavities prior to surgery compared with the cohort of Yung et al. 

(p < 0.05) (3). Residual and/or recurrent cholesteatoma was observed during surgery in 30 

per cent of the current cohort. 
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Figure 1. Pie charts showing the percentage of each patient group (paediatric, adult, elderly) that had 
previously undergone different types of ENT surgery. Numbers 1-6 indicate the number of previous 
operations for each ear. 

 

 

 

 

 

 

 

 

 

 

 

 

Canalplasty and meatoplasty 

Canaloplasty was performed in 50 per cent of all ears and meatoplasty in 27 per cent of all 

ears. There was no significant difference in dry ear and troublesome ear rates in patients 

who had additionally undergone canaloplasty only, meatoplasty only, canaloplasty plus 

meatoplasty or neither (Table 3). However, there was a trend in favour of canaloplasty over 

no canaloplasty and / or meatoplasty in the dry ear group (p = 0.053). 

 

Table 2. Outcome of revision radical cavity surgery with mastoid obliteration 
Pre-op and post-op parameters Total cohort 

(n = 122) 
5yFU group (n = 31) 

Pre-op Merchant grade   
- 0 or 1 10 (8) 4 (13) 
- 2 or 3 112 (92) 27 (87) 
Peri-op residual cholesteatoma 36 (30) 12 (39) 
Canaloplasty  performed 61 (50) 12 (39) 
Meatoplasty performed 33 (27) 16 (52) 
Time to full epithelisation 
(weeks) 

Median: 8; 107/122 within 12 
(88) 

Median: 8; 24/31 within 12 
(77) 

Post-op Merchant grade   
- 0 or 1 119 (98) 30 (97) 
- 2 or 3 3 (2) 1 (3) 
FU, months 
(median, range) 

44 (3-96) 71 (60-96) 

12-month interval MRI scan 89 completed 30 completed 
Residual cholesteatoma 3: 1 child, 2 adults (3) 1: 0 children, 1 adult (3) 
Data are n (%) except where otherwise indicated. Pre-op = pre-operative; post-op = post-operative; 
5yFU = five-year follow up; FU = follow-up; peri-op = peri-operative 



37 

 

 

 

 

 

 

 

 

 

Re-epithelialisation time 

The average time to complete re-epithelialisation in the five-year follow-up group (eight 

weeks) was comparable to that of the cohort of Yung et al. (3).  

 

Complications and revision surgery 

No major iatrogenic surgical complications such as dead ear, facial palsy or prolonged 

dizziness were observed. In four ears (3 per cent), the soft-tissue flap was trimmed in an out-

patient setting because of tip necrosis. Revision surgery was needed in 15 ears (12 per 

cent): residual cholesteatoma (3 ears), eardrum perforation (4 ears), second look 

tympanoplasty (4 ears), meatoplasty (2 ears), canaloplasty (1 ear) and subtotal petrosectomy 

(1 ear). Subtotal petrosectomy was performed because a defect in the posterior canal wall 

resulted in loss of hydroxyapatite granules. 

 

Dry ear rate 

The presence of dry ear was scored pre- and post-revision radical cavity surgery with 

mastoid obliteration using the Merchant grading system (Table 2) (7). Pre-operatively, 92 per 

cent of the total cohort had a chronically draining ear. Post-operative results in follow-up 

groups were stratified by the time of last contact (Table 4). Dry ear rates at 4–6, 7–12, 13–

24, 25–36 and over 36 months were 100 per cent, 89 per cent, 100 per cent, 92 per cent and 

90 per cent, respectively. Dry ear rates were 97 per cent at 5 years of follow up and 93 per 

cent for the total cohort. The dry ear rate was significantly lower in the elderly group at the 

time of last contact compared with the adult group (p < 0.05). There were no significant 

differences among the paediatric group, the adult group and the total cohort. There was no 

significant difference in dry ear rates between the total cohort and the five-year follow-up 

group. 

 

Table 3. Dry ear rate by additional procedure  

Procedure n Dry ear rate* Troublesome ear rate* 
Canaloplasty only 41 36 (88) 5 (12) 

Meatoplasty only 
 

17 14 (82) 3 (18) 

Canaloplasty + meatoplasty 13 11 (85) 2 (15) 

None 37 26 (70) 11 (30) 

Total 108 87 (100) 21 (100) 

Data are n (%). *At 13-24 months of follow-up 
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Recurrent or residual disease 

There was no cholesteatoma recurrence in the present cohort. Residual cholesteatoma was 

detected in three ears (2 per cent): 2 in the epitympanum, detected 29 and 35 months post-

operatively; and 1 in the hypotympanum, detected 61 months post-operatively (Figure 2).  

 

Figure 2. Diagram showing the location of residual cholesteatomas (n = 3), indicated by grey stars. A 
= antrum; E = epitympanum; H = hypotympanum; M = mastoid (obliterated); TM = tympanic 
membrane 

 

 

One residual cholesteatoma was detected at a routine out-patient follow up. Follow-up 

diffusion-weighted MRI detected nine lesions suspicious for residual cholesteatoma: three 

were confirmed during revision surgery; one led to revision surgery but turned out to be 

fibrous tissue rather than residual cholesteatoma; and the other five were either refuted by 

otoscopic examination or are still being followed up. These different outcomes were due to 

cerumen along with some skin tissue in the ear canal, which could be cleaned easily. The 

Table 4. Post-operative dry ear rate 
 FU (months) 5yFU            

(n = 31) 
Total              

(n = 122) 
Merchant 
grade* 

4-6 
(n = 5) 

7-12 
(n = 9) 

13-24 
(n = 12) 

25-36 
(n = 25) 

>36 
(n = 40) 

  

0 5 (100) 6 (67) 10 (83) 22 (88) 30 (75) 27 (87) 100 (82) 
1 0 (0) 2 (22) 2 (17) 1 (4) 6 (15) 3 (10) 14 (11) 
2 0 (0) 1 (11) 0 (0) 2 (8) 4 (10) 1 (3) 8 (7) 
3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
*Using the grading system of Merchant et al. (7). Data are n (%). FU = follow up; 5yFU = five-year follow up 
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cholesteatoma-free rates for ears in the present study were 98 per cent at three years and 97 

per cent at five years. There were more residual cholesteatomas in the five-year follow-up 

group of Yung et al. (3) compared with the five-year follow-up group in the present study 

(4 vs 1), but the difference was not statistically significant (p = 0.086; Figure 2). In the present 

study, three inclusion cholesteatomas were enclosed by the tympanic membrane and could 

be removed otoscopically at the out-patient clinic. 
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Discussion 

 

Yung et al. included cases of both primary and revision surgery (3), but the present study 

aimed to confirm the success of this technique in the most challenging population: patients 

with very troublesome cavities. The high percentage of discharging ears, the 33 per cent 

residual cholesteatoma rate and the average of more than two previous procedures indicate 

that the study cohort had very challenging ears. The primary surgical goal was to create a 

safe, dry ear. Since hearing improvement was not the primary goal, hearing results are not 

included in this article. 

The proportion of female patients was similar in Yung and colleagues’ cohort and in the 

present study, but the former included a higher proportion of children (3). However, as no 

significant difference was found between the paediatric and adult group in the present study, 

the results of both studies can be compared. The elderly group had a lower post-operative 

dry ear success rate, possibly due to compromised tissue healing in the older population. 

This contrasts with the data of Ahn et al. and Saito et al., who found no difference between 

young and elderly groups (11, 12). Yung et al. reported a lower rate of pre-operative dry ear 

compared with the present study (3). However, both studies had a similar approach to follow 

up, and similar numbers of patients were followed up for five years or more. 

Given the variety of obliteration techniques, it is very difficult to decide which technique 

should be used for a specific patient attending a specific out-patient clinic. As previously 

done by Charachon et al. (13), Solomons et al. (14), Hartwein et al. (15) and Saunders et 

al. (16) for the Palva flap (17), the present study aimed to confirm the successful results of 

Yung et al. (3).  Black et al. first described the use of a mid-temporal flap for reconstructing 

the posterior canal wall skin; for obliteration, they used the Palva or Popper flap (17-19). 

O'Sullivan et al. and Singh et al. also used a mid-temporal flap, but only for obliterating 

cavities (20, 21). Mahendran et al. used a mid-temporal flap for reconstructing the posterior 

canal wall, but only in one patient (22). Yung et al. were the first to describe the use of this 

particular technique in a larger group of patients (3). The group had used the surgical 

technique for 10 years before establishing the cohort for their study. The present study's 

cohort comprises the first 121 patients to undergo this surgical technique at this institution 

and therefore represents a learning curve. To identify which technique performs best, it is 

first necessary to determine whether the results are reproducible in different settings. 

Unfortunately, reported results are often heterogeneous, which prevents conclusions being 

drawn. The results in the present study were structured to allow comparison with those of 
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Yung et al., and were indeed shown to be comparable (3). This is consistent with previous 

reports that the technique can produce very good, reproducible results. The present data 

support the hypothesis that adequate meatoplasty and canaloplasty have additional 

beneficial effects in this type of surgery. This hypothesis was postulated by Berçin et al. for 

revision cavity surgery and also seems to be important when reconstructing the ear canal 

(23), as previously reported by the present authors (24).  

The Merchant grading system (grades 0–3) was useful for both grading troublesome ears 

and making a straightforward distinction between wet and dry ears. The senior author has 

already reported the use of grade combinations (0 plus 1 and 2 plus 3) rather than individual 

grades (24), and the same modified grading scheme was used in the current study to 

establish wet and dry ear rates. The dry ear rate in the total cohort was not significantly 

different from the rate described by Yung et al. (3). After five years of follow up, all patients in 

Yung and colleagues’ cohort had dry ears (3); in the present study, one patient was still 

suffering from otorrhoea five years post-operatively. The present study used the Merchant 

grading system to score ear complaints and otoscopic abnormalities in a standardised way 

(7). It is likely to be very difficult to compare results without using a standardised method for 

grading dry ears and a clear description of the grading method. For example, using the same 

grading system and combining grades 0 and 1, Singh et al. reported similar results to the first 

groups of follow up in the present study (21). However, they had poorer outcomes compared 

with the final outcomes for the total cohort and five-year follow-up group. 

The success rate for residual cholesteatoma in the present study was similar to the rate 

described by Yung et al. (3) More importantly, all residual cholesteatomas were restricted to 

the middle ear (Figure 1). Some surgeons are concerned about the possibility of residual 

cholesteatoma in an obliterated mastoid cavity; however, the present study does not support 

that concern and instead confirms the safety of obliteration techniques. 
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Conclusion 

 

In a cohort with challenging cavities, the obliteration technique achieved very satisfactory 

results regarding long-term dry ears, long-term management of residual cholesteatomas and 

time to complete re-epithelialisation. Successful reconstruction of a new posterior canal wall 

with cartilage and a mid-temporal flap and obliteration of a cavity with hydroxyapatite 

granules reproduces the results of Yung et al. (3). The present study, which has a level of 

evidence 2B, is believed to be the first to confirm this technique in a large population of 

patients. Mastoid cavity obliteration was found to be safe because residual cholesteatoma 

only occurred in the tympanic region. 
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Abstract 

 

Objective  

The objective of this study was to evaluate surgical outcome and residual and recurrence 

rates of canal wall up (CWU) surgery with obliteration of the mastoid and epitympanum.  

Study design 

Retrospective cohort study in a tertiary referral center. 

Methods 

Patients with (sequelae of) acquired cholesteatoma treated with primary or revision CWU 

surgery with obliteration of the epitympanum and mastoid were identified retrospectively from 

2010 to 2014. Obliteration was performed with cartilage chips or a periosteal midtemporal 

flap in combination with bone pâté and/or hydroxyapatite. Patients were followed up with 

micro-otoscopy and magnetic resonance imaging (MRI) with diffusion-weighted imaging 

(DWI).  

Results 

Ninety-nine ears in 96 patients were managed with obliteration of the epitympanum and 

mastoid following CWU surgery. Mean postoperative follow-up was 39.6 (standard deviation 

[SD] = 16.3). Mean follow-up until the last MRI-DWI was 29.7 months (SD = 16.0). In total, 74 

ears in 72 adult patients (mean age = 46.8 years) were operated and 25 ears in 24 pediatric 

patients (mean age = 12.8 years). The overall recurrence rate was 7.1%, and the residual 

rate was 7.1%. In comparison, before the introduction of obliteration, the residual rate in our 

clinic was 24.4% and the recurrence rate 39.7%. After CWU surgery with obliteration, 

recurrence in pediatric patients (16.0%) was more frequent than in adults (4.1%). Although 

this difference was not statistically significant, a trend was observed (P = .066).  

Conclusion 

Obliteration of the epitympanum and mastoid is a reliable and safe technique following CWU 

surgery for cholesteatoma, resulting in low residual and recurrence rates. 
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Introduction 

 

The primary aim of cholesteatoma surgery is complete eradication of disease and prevention 

of recurrence. Cholesteatoma surgery traditionally was divided into two generalized 

categories: canal wall up (CWU) and canal wall down (CWD) surgery. The intact canal wall 

may hinder intraoperative visualization, resulting in a higher risk of residual disease. As the 

original anatomy is left intact, cholesteatoma recidivism (combined residual and recurrent 

disease) is higher after using the CWU technique in comparison with CWD (1, 2). The 

disadvantage of the CWD technique is that an open cavity remains, necessitating regular 

outpatient follow-up for cleaning. Other cavity-related drawbacks are infections, water 

intolerance, difficulty in fitting a hearing aid when needed, and vertigo due to temperature 

changes through water or air (2, 3). CWD surgery is associated with a much higher ear 

discharge rate (27%) compared to CWU (3.3%) (2). Furthermore, removing the canal wall 

may be associated with a worse hearing outcome (4), although no significant difference was 

observed in recent meta-analyses (1, 2). 

Reconstruction of the posterior canal wall after CWD surgery with or without obliteration of 

the mastoid seems to combine a low residual and recurrence rate comparable with CWD 

surgery with a low ear discharge rate (2). Bony obliteration tympanoplasty (CWU surgery 

combined with bony obliteration of the epitympanum and mastoid) is demonstrated to 

significantly lower the residual and recurrence rates of cholesteatoma while keeping the 

original posterior canal wall intact as well (5).  

In our tertiary referral hospital we use cartilage chips or a midtemporal artery flap in 

combination with bone pâté and/or hydroxyapatite granules for obliteration following CWU 

surgery for cholesteatoma. The objective of this study was to evaluate surgical outcome and 

residual and recurrence rates of CWU surgery for cholesteatoma combined with obliteration 

of the epitympanum and mastoid using this technique.
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Materials and methods 

 

Patients 

A retrospective cohort study was performed in a tertiary referral center. For retrospective 

cohort analysis of regular care, no institutional review board review was necessary. Patients 

with sequelae of acquired cholesteatoma treated with primary or revision CWU surgery with 

obliteration of the epitympanum and mastoid were identified retrospectively. Adult and 

pediatric patients were included. 

All patients were consecutively operated on in the Academic Medical Centre from 2010 to 

2014. This cohort includes the first patients treated with CWU surgery with obliteration in our 

hospital, and surgeries were performed by five surgeons of different seniority levels. 

Therefore, the learning curve of the technique was included in this analysis. 

The following outcome measures were analysed: recurrence rate, residual rate, infection 

rate, and hearing outcome 3 months postoperatively. Recurrent cholesteatoma is defined as 

a new cholesteatoma, developing from an unsafe, non–self-cleaning retraction pocket. 

Residual cholesteatoma is defined as cholesteatoma behind an intact tympanic membrane 

left behind during previous surgery. Recidivism is defined as combined residual and 

recurrent disease. Hearing was measured with pure-tone audiometry preoperatively and at 3 

months postoperatively and included air conduction (AC), bone conduction, air-bone gap 

(ABG), and pure-tone average (PTA 0.5, 1, 2, and 3 kHz). No response to air-conducted 

sound was coded as 120 dB, and no response to bone-conducted sound was coded as 80 

dB. Missing values were coded as such. Patients were followed up by micro-otoscopy and 

non–echo-planar imaging, diffusion-weighted imaging (DWI) magnetic resonance imaging 

(MRI) scanning. To avoid overlooking small residual or recurrent cholesteatomas, patients 

underwent repeated scanning at 1, 2 to 3, and 5 to 6 years postoperatively. 

 

Surgical technique 

Surgery was performed under general anesthesia using facial nerve monitoring. A 

retroauricular incision was followed by elevation of anteriorly based dermal and 

musculoperiosteal flaps. Cortical mastoidectomy and wide epitympanotomy were performed 

in all cases. Posterior tympanotomy was performed when needed for visualization of the 

cholesteatoma in the facial recess. The posterior canal wall was left intact, although during 

surgery no hesitance existed to remove as much of the scutum as needed for good 

visualization of the cholesteatoma. For obliteration, the epitympanum and posterior 
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tympanotomy were separated from the middle ear with either multiple small cartilage chips 

(from the cavum conchae) or the pericranial midtemporal flap (6). The cartilage chips or the 

midtemporal flap were secured in place with fibrin glue to completely seal off the 

epitympanum and mastoid from the mesotympanum. The epitympanum and mastoid were 

then filled up with bone pâté and/or hydroxyapatite up to the level of the cortex. To avoid 

harvesting diseased bone, skin, or cholesteatoma remnants, bone pâté was only harvested 

from the cortex or the squama of the temporal bone with a cutting bore. For ossicular 

reconstruction, a titanium partial or total prosthesis was used when considered possible. 

Perioperative antibiotics (e.g., cefazoline) were given intravenously, and patients were sent 

home with 1 week of prophylactic oral antibiotics (e.g., amoxicillin–clavulanate or 

levofloxacin). 

 

Statistical Analysis 

Independent sample t test and two-tailed Fisher exact test were used for statistical 

analysis. P < .05 was considered to indicate statistically significant differences. Statistical 

analysis was conducted using SPSS 21.0 (IBM, Armonk, NY).
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Results 

 

Ninety-nine ears in 96 patients were treated with CWU surgery combined with obliteration of 

the epitympanum and mastoid: 53 right (53.5%) and 46 left ears (46.5%), 60 male (60.6%) 

and 39 female (39.4%) ears. Figure 1 demonstrates that during the first years, obliteration 

was primarily reserved for revision cases in which previous surgery had failed. Upon gaining 

experience with obliteration and observing the positive results, more cases were selected for 

this procedure including primary cases.  

 

Figure 1. Primary and revision surgery. During the first years, obliteration was primarily reserved for 

revision cases in which previous surgery in our hospital had failed. In later years, revisions from 

elsewhere as well as primary surgeries were included. In total, 26 ears (26.3%) were primary 

cholesteatoma cases, and 73 cases (73.7%) were revision surgery. 

 

 

 

In total, 26 ears (26.3%) were primary cholesteatoma cases. All these primary cases were 

extensive epitympanic cholesteatomas, with 84.6% extension to the middle ear and 80.8% 

extension to the antrum and/or mastoid. The other 73 cases (73.7%) were revision surgeries. 
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Apparently, obliteration was primarily decided upon when recurrence was seen, as in 78.1% 

of these revision cases recurrence was present. In 17.8%, residual cholesteatoma was 

present, whereas only 4.1% (3 cases) were second looks without cholesteatoma. The mean 

postoperative follow up was 39.6 months (standard deviation [SD] = 16.3). Mean follow-up 

until the last MRI-DWI was 29.7 months (SD = 16.0). 

 

Retraction, recurrence, and residual disease 

Recurrent cholesteatoma was present in seven ears (7.1%), whereas residual disease was 

also present in seven ears (7.1%). Therefore, the overall incidence of recidivism was 14.2%. 

All recurrent cholesteatomas were detected upon otoscopy during follow-up and confirmed 

with MRI-DWI. Two out of seven residuals were evident with otoscopy, all others were only 

detected upon routinely performing MRI-DWI. All recurrent cholesteatoma were found within 

the epitympanum, with extension to the mastoid in one case and extension to the 

mesotympanum in another. In five cases, residual cholesteatoma was located in the 

epitympanum, and in one case within the cartilage chips sealing the epitympanum from the 

middle ear. In only one case was residual cholesteatoma found within the obliterated 

mastoid. In one patient, retraction of the tympanic membrane was seen around the 

prosthesis with some accumulation of keratin debris, whereas the MRI-DWI scan was 

negative. As the patient refused revision surgery, for a wait-and-scan policy was decided 

upon with yearly scans.  

Table 1. Recurrence and residual disease in canal wall up surgery with obliteration for cholesteatoma 

 Recurrence Residual 

Overall, n = 99 7 (7.1%) 7 (7.1%) 

Adult, n = 74 3 (4.1%)* 5 (6.8%) 

Pediatric, n = 25 4 (16.0%)* 2 (8.0%) 

Primary, n = 26 2 (7.7%) 1 (3.8%) 

Revision, n = 73 5 (6.8%) 6 (8.2 %) 

Cartilage, n = 40 4 (10.0%) 2 (5.0%) 

MTF, n = 59 3 (5.1%) 5 (8.5%) 

* The higher incidence of recurrent disease in children compared to adults shows a trend (p=0.066). MTF = 

midtemporal flap. 
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In 27 ears (27.3%), a stable, limited retraction of the tympanic membrane was seen. In five 

ears (5.1%), a stable but large self-cleaning retraction was seen on otoscopy, whereas MRI-

DWI scans remained negative. One of these large retractions was revised during secondary 

tympanoplasty for conductive hearing loss. The incidence of recurrence or residual disease 

did not significantly differ in primary or revision surgery as is demonstrated in Table 1. The 

use of cartilage chips or the midtemporal artery flap did not significantly change these 

incidences. 

 

Complications 

In one patient, a persistent wound infection followed after extrusion of hydroxyapatite 

granules in the ear canal. Apparently, the cartilage separation of the middle ear and ear 

canal used for obliteration was not strong enough in this patient. Revision of the obliterated 

cavity was performed after 3 months, with removal of the cartilage and hydroxyapatite used 

to obliterate the cavity. In one patient, a sudden deafness occurred in the operated ear 5 

months postoperatively, resulting in a functionally deaf ear. In another patient, a 

retroauricular hematoma occurred postoperatively, which was treated by removing stitches, 

and demonstrated good healing afterward. In total, five patients suffered myringitis 

postoperatively. In two patients, this was only present temporarily and resolved 

spontaneously, whereas in three patients additional interventions had to be performed. One 

patient was treated adequately by performing a meatoplasty under local anesthesia. In 

another patient, meatoplasty, in addition to revision tympanoplasty, resulted in a dry ear. The 

last patient was treated with revision surgery with Thiersch grafts under general anesthesia. 

These additional interventions resulted in a dry ear in all three cases. In one patient, a 

persistent tympanic perforation resulted after extrusion of a total prosthesis after 4 years. No 

other postoperative complications (e.g., facial nerve palsy, sensorineural hearing loss, bone 

resorption, canal breakdown) occurred. 

Pediatric versus adult population 

In total, 74 ears in 72 adult patients (mean age = 46.8 years) were operated on and 25 ears 

in 24 pediatric patients (mean age = 12.8 years). As is demonstrated in Table 1, the 

incidence of recurrent disease in pediatric patients was 16.0%, compared to 4.1% in the 

adult patients. Although this difference was not statistically significant, a trend was observed 

(Fisher exact test, P = .066). The incidence of residual disease did not significantly differ 

between adults (6.8%) and children (8.0%). Additionally, the mean follow-up did not 

significantly differ between adults (40.0 months, SD = 17.1 months) and children (38.2 

months, SD = 13.5 months). 
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Hearing outcome 

Reconstruction of the ossicular chain was performed using titanium partial or total prosthesis 

when considered possible (Table 2). In 54 ear (54.5%), a partial prosthesis was placed, 

whereas in 17 ears (17.1%) a total prosthesis was necessary. In eight ears (8.1%), the 

prosthesis placed during previous surgery was left intact. In the remaining 16 ears (16.1%), 

no ossicular reconstruction was performed. 

 

Table 2. Percentages of Air-Bone Gap Closures After Canal Wall Up Surgery with obliteration. 

 
Partial 

Prosthesis, 

n = 54 

Total 

Prosthesis, 

n = 17 

Previous 

Prosthesis, 

n = 8 

No Prosthesis, 

n = 16 

Overall, n = 95 

0–10 dB 7 (13.0%) 1 (5.9%) 2 (25.0%) 0 10 (10.5%) 

11–20 dB 25 (46.3%) 6 (35.3%) 4 (50%) 4 (25%) 39 (41.1%) 

21–30 dB 12 (22.2%) 8 (47.1%) 0 5 (31.2%) 25 (26.3%) 

>31 dB 10 (18.5%) 2 (11.8%) 2 (25 %) 7 (43.8%) 21 (22.1%) 

Reconstruction of the ossicular chain was performed using titanium partial or total prosthesis when considered 

possible. In other cases, a previously placed prosthesis remained intact or no reconstruction was performed. 

Functional outcome was routinely measured 3 months postoperatively. In four patients, 

postoperative hearing results were missing. One patient died shortly after surgery due to 

unrelated circumstances, and the other three patients did not show up for their scheduled 

audiometry appointment but did have MRI-DWI scans later on. Overall mean preoperative 

PTA-AC was 42.4 dB with a mean preoperative PTA-ABG of 27.4 dB. Postoperatively, the 

PTA-AC was 37.8 dB, with an ABG of 23.7 dB and a mean gain of 3.9 dB in air conduction. 

No statistically significant difference was found between preoperative and postoperative 

bone conduction. In Table 2, the postoperative ABG closure after surgery is presented. 

 

Follow-up  

The mean postoperative follow up was 39.6 months (SD = 16.3 months). The mean follow-up 

until the last MRI-DWI was 29.7 months (SD = 16.0 months). Not all patients completed their 

scheduled appointments for follow-up. For this study, we were able to contact 18 patients to 

actively remind them of their MRI-DWI follow-up. In routine care, these patients would have 
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otherwise been lost to follow-up. In total, seven patients were lost in different stages of the 

follow-up of this study, despite our efforts to contact them. Five of these patients were lost to 

follow-up after the first MRI-DWI did not show residual of recurrent disease, and one patient 

was lost to follow-up after the second MRI-DWI. Only one patient was lost to follow-up within 

1 year of follow-up, and therefore, no MRI-DWI was available for this patient. Furthermore, 

one patient died due to an unrelated cause of death within 3 months of follow-up. In three 

patients, MRI-DWI scanning was not performed due to claustrophobia or mental retardation; 

these patients were followed with routine micro-otoscopy. 
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Discussion 

 

Our study demonstrates that CWU surgery with obliteration of the epitympanum and mastoid 

in primary and revision cholesteatoma is a reliable and safe technique with low residual 

(7.1%) and recurrence (7.1%) rates. Although the selection of patients with obliteration may 

influence the results, we feel that the high rate of failed previous surgery and large primary 

cholesteatomas in this group may even depict a selection of more serious and difficult cases. 

Obliteration of the mastoid cavity was first reported by Mosher in 1911 (3), and this technique 

was further modified and popularized in the 1960s by Palva et al. (6). Since Mercke (7) 

reported good outcomes in CWD surgery with obliteration for cholesteatoma surgery, the 

concept of obliteration has been taken up by many otologists. This has led to the 

development of different obliteration techniques, with several obliteration materials. 

Most studies so far have reported outcomes of CWD surgery with reconstruction of the 

posterior canal wall and obliteration of the mastoid using varying techniques (3, 7-

11). Furthermore, although MRI-DWI has proven to be the most reliable non-invasive 

technique to detect recurrent or residual cholesteatoma, almost all studies used otoscopy 

and/or computed tomography (CT) as follow-up, sometimes combined with a second look at 

the non-obliterated middle ear only (12). Only one other group studied CWU surgery 

combined with mastoid obliteration with MRI-DWI in follow-up. In this study, bone chips and 

bone dust are used to obliterate the mastoid and epitympanum. They demonstrated a 

residual rate of 5.8% and a recurrence rate of 2.9% in a pediatric population (5). Our results 

are comparable with this study. Moreover, we feel that due to the inclusion of the learning 

curve and inclusion of five different surgeons with varying experience, our results are a better 

representation of general practice. 

Unfortunately, current literature often fails to make a distinction between residual and 

recurrent disease (1). To compare our results with results from literature we therefore have to 

compare recidivism rates, including both residual and recurrent disease. A recent pooled 

analysis showed that a lower cholesteatoma recidivism rate is associated with CWD (16.0%) 

than with CWU techniques (29.4%) (2). These data are in line with meta-analyses from 

Tomlin et al. (13) and Kerckhoffs et al. (1). Therefore, the low recidivism rate of 14.2% in our 

study suggests that obliteration of the epitympanum and mastoid reduces the recidivism rate 

of CWU surgery to a level at which it is comparable with CWD surgery. 
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CWD surgery with simultaneously reconstructing the posterior canal wall and obliteration of 

the mastoid, using a variety of incomparable techniques, had a recidivism rate between 5.3% 

and 20% in this same pooled analysis (2). Therefore, removal of the posterior canal wall 

does not seem to be significantly beneficial in further reducing recurrent or residual rates in 

cholesteatoma surgery compared to CWU surgery with obliteration. This is in line with the 

data reported in a recent systematic review of van der Toom et al. (12). Although much 

debate remains on whether or not an intact posterior canal wall provides better hearing 

reconstruction (1, 2), it is generally accepted that removing the posterior wall deteriorates the 

hygienic results. For instance, CWD surgery is associated with a much higher ear discharge 

rate (27%) compared with CWU (3.3%) (2). Although reconstruction obliteration techniques 

improve these hygienic results, the postoperative ear discharge rates (8.7%) are still higher 

than in CWU surgery (2). We would, therefore, advocate keeping the posterior canal wall 

intact whenever possible. In our study, only three patients (3.0%) had persistent ear 

discharge due to myringitis and additional use of hearing aids, comparable with CWU 

surgery without obliteration. 

There are many theories as to how obliteration of the epitympanum and mastoid results in 

reduced residual and recurrence rates. First, a well obliterated epitympanum may 

mechanically prevent retractions to expand and progress into a recurrent cholesteatoma 

(3). This theory is supported by our finding of stable self-cleaning retractions after obliteration 

in 32.4%. Perhaps a proportion of these ears would have developed into cholesteatoma if the 

obliteration had not blocked further progression. On the other hand, obliteration may prevent 

recurrence by enhancing middle ear aeration (3). A recently established mathematical model 

of middle ear gas pressure regulation predicts that in middle ears with poor mastoid 

pneumatization and dysfunctional Eustachian tubes, typical in cholesteatoma cases, 

obliteration of the mastoid as a surgical reduction of mucosal surface for gas exchange can 

improve middle ear gas pressure balance (14). A lower residual rate can be explained by the 

meticulous elimination of all soft tissues from the cavity to prepare the ear for obliteration 

(5). Furthermore, as the mastoid is obliterated afterward, the surgeon may be less 

constrained to remove part of the scutum for a direct visualization of the cholesteatoma. 

Another argument may be that residual skin is not able to develop into cholesteatoma in a 

bony obliterated space, which is called the Hinohira effect (15). Regardless of the causative 

mechanism, obliteration seems to improve the outcome of cholesteatoma surgery in a variety 

of studies using different materials for obliteration, ranging from autologous material (e.g., 

cartilage, bone, musculoperiosteal flaps) to biocompatible alloplastic materials (e.g., 

hydroxyapatite, bioactive glass) (3, 5, 7-12, 16).  
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A huge concern with obliteration has always been the possibility of a silent cholesteatoma 

within the obliterated cavity. The recent development of MRI-DWI ensures a reliable way to 

detect such cholesteatoma within the obliterated cavity, mitigating concerns that residual 

cholesteatoma could be missed (17, 18). To avoid overlooking small residual or recurrent 

cholesteatomas on MRI-DWI, patients in our study underwent repeated scanning at 1, 2 to 3, 

and 5 to 6 years postoperatively. It is important to emphasize that in this study we were able 

to actively remind a total of 18 patients of their follow-up, who would have otherwise been 

lost to follow-up in routine care. Therefore, we would like to stress the importance of a 

proactive coordination of follow-up appointments, especially in patients with obliteration. 

Our study demonstrates that CWU surgery with obliteration of the epitympanum and mastoid 

in primary and revision cholesteatoma is a reliable and safe technique. Few complications 

were seen after performing this technique. Furthermore, in cases of residual or recurrent 

disease after obliteration, we were able to surgically treat this cholesteatoma in all patients 

either through the external meatus or by drilling out the obliteration. 

The functional outcome of our patients seems comparable with those reported by other 

studies on cholesteatoma surgery with obliteration (2, 8, 16). Despite the fact that these 

patients suffered poor hearing, with a mean preoperative PTA-AC of 42.4, postoperative 

measurements revealed a marked improvement, with a mean postoperative PTA-AC of 37.8 

and PTA-ABG closure of 20 dB or less in 51.6%. 

Limitations of this study are the retrospective design and the patients who were lost to follow-

up due to different circumstances. However, only one patient was lost to follow-up before the 

first year and therefore before the first MRI-DWI. Therefore, with the large group of patients 

included in this study and an average follow-up of 39.6 months, this study has a clear clinical 

value. However, further research including prospective randomized studies on obliteration 

with extended long-term follow-up, as well as further studies on hearing outcome after 

cholesteatoma surgery, would aid to our understanding of the best way to treat 

cholesteatoma patients. 
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Conclusion 

 

In this study, we demonstrated that obliteration of the epitympanum and mastoid is a reliable 

and safe technique following CWU surgery for cholesteatoma, resulting in low residual 

(7.1%) and recurrence (7.1%) rates. The overall recidivism rate of 14.2% is comparable with 

CWD surgery. As the literature shows that removal of the canal wall in reconstruction 

obliteration techniques does not seem to significantly contribute to further reduction of 

recidivism rate (1), and hygienic results are better in CWU surgery (2), we advocate keeping 

this structure intact whenever possible. However, whenever the epitympanum and mastoid 

are obliterated, one does not have to be restrained to remove as much of the scutum as 

needed for good visualization of the cholesteatoma.
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Abstract 

 

Purpose  

Few data are available regarding subjective complaints and quality of life (QoL) after subtotal 

petrosectomy (STP). The purpose of our study was to assess long-term surgical results after 

STP, and to evaluate disease-specific, patient-reported outcomes including QoL and 

subjective hearing.  

Methods 

A retrospective cohort study, including a postal survey was performed in the Amsterdam 

University Medical Centers (Amsterdam UMC) location Academic Medical Centre (AMC). All 

patients who underwent a STP between 1990 and 2018 were included. Patient 

characteristics, indication for surgery, adverse events, disease recidivism and patient-

reported health outcomes were evaluated. 

Results 

181 patients (183 ears) underwent a STP for several indications. The main indication was 

chronic otitis media (COM) with or without cholesteatoma (69%). In the total cohort, 8 

residual cholesteatoma (5%) and 6 inclusion cholesteatoma (4%) were detected. 

Postoperative (functional) health outcomes showed a significant negative impact on QoL in 

the STP cohort compared to normative data. Compared to patients without ear problems, the 

postoperative STP data scored worse on almost all domains of the Chronic Ear Survey 

(CES) (p <0.001). SF-36 scores of postoperative STP data showed negative Z-scores in 

almost all subscales, indicating lower levels of QoL compared to Dutch reference values. 

Most subscales of the Amsterdam Inventory for Auditory Disability and Handicap (AIADH) 

demonstrate a large-effect size in disadvantage of the STP cohort when compared to Dutch 

reference values. 

Conclusion 

STP is a suitable technique to tackle severe ear disease. Despite its favourable surgical 

results, STP has a negative impact on several domains of patient’s QoL. 
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Introduction 

 

Subtotal petrosectomy (STP) can be an effective solution for chronic or recurrent mastoid 

and/or middle ear disease, especially for ears with no functional hearing (1, 2). In their 

review, Prasad et al. present an overview of the nomenclature and the several steps of the 

surgical technique (1). In brief, it comprises a canal wall down mastoidectomy with complete 

exenteration of all air cell tracts which are involved in the disease or which are necessary to 

remove according to the indication of surgery. The Eustachian tube is obliterated and the 

external ear canal is closed into a blind sac. The cavity is obliterated with autologous 

abdominal fat soaked in antibiotic ear drops.  

Over the last decades, several reports have been published on the effectiveness of STP for 

various indications (1, 3-5). Prasad et al. presented a list of almost 20 different pathologies 

for which STP was performed (1). Indications varied from chronic otitis media (COM) with 

cholesteatoma to temporal bone fractures and multiple kinds of tumours. STP is also often 

combined with the implantation of a hearing device (1, 6, 7). Devices such as a cochlear 

implant or a vibrant sound bridge (VSB) are in most cases implanted in a single stage 

procedure with favourable results (6, 7). Because of the wide exposure of the middle/inner 

ear STP can offer technical advantages in cases of complex implantation (6). Most of these 

studies focussed on outcome measures such as control of disease and surgical success 

rates. Research on postoperative complaints including quality of life (QoL) is scarce. Only 

Magliulo et al. interviewed 26 patients after STP. All patients suffered from a petrous bone 

fracture violating the otic capsule (3). In this study, a combination of (partly validated) 

questionnaires  previously proposed to evaluate post-surgical QoL in vestibular schwannoma 

patients, was used (8-10). Because of the lack of data on patient-reported outcome 

measures (PROM’s) including QoL and subjective hearing after STP, the current study 

evaluated both objective surgical results as well as subjective patient-recorded outcomes.  
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Material and methods 

 

Participants 

A retrospective cohort study, including a postal survey, was performed in the Amsterdam 

University Medical Centers (Amsterdam UMC), location Academic Medical Center (AMC), a 

tertiary otological referral centre. All consecutively admitted patients, treated with a STP 

between 1990 and 2018, with a post-operative follow-up of at least 6 months were eligible for 

inclusion. Patients were excluded when clinical information was incomplete or the indication 

for surgery included malignant pathology. Patient characteristics in terms of sex, age, 

indication for surgery, simultaneous implantation of hearing devices and time to follow-up 

(TFU) were collected. TFU was defined as the time between surgery and moment of last 

contact at our outpatient clinic. Adverse events occurring in the first 3 months post-surgery 

were evaluated and categorized according to the classification of Clavien et al. (11). This 

classification (four grades) differentiates between: I) non-life-threatening, no lasting disability, 

conservative treatment; II) potentially life-threatening, residual disability, with or without 

revision surgery; III) with residual disability, including organ resection or persistence of life-

threatening conditions; and IV) deaths as a result of complications. In addition, the outcome 

of postoperative Magnetic Resonance Imaging with Diffusion-Weighted Imaging (MRI-DWI) 

to detect residual or recurrent disease in obliterated cavities was evaluated. Audiometric 

evaluation was performed in those patients with both pre- and postoperative hearing tests 

available. All identified patients were informed and eligible to decline the use of their 

anonymised patient records. No rejections were received. The survey part of the study was 

approved by the Medical Ethical Committee of the Amsterdam UMC. Written informed 

consent was obtained from all participants. 

 

Survey: health outcome questionnaires 

Three self-reported health outcome questionnaires were sent by post between June 2019 

and June 2020 to all patients aged ≥ 18 years at the time of surgery. Patients were asked to 

complete the Dutch versions of the Chronic Ear Survey (CES), the Medical Outcome Study 

36-Item Short-Form Health Survey (SF-36) and the Amsterdam Inventory for Auditory 

Disability and Handicap (AIADH) (12-14). Patients were instructed to fill in the questionnaires 

based on their current health status and to return the questionnaires by post. The CES 

(Appendix 1) is a 13-item disease-specific questionnaire, aiming to measure health impact 

and treatment effectiveness in patients with COM. The questionnaire consists of three 
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subscales: activity restriction (AR), symptoms (ST) and medical resource (MR). From the ST 

and MR subscales two symptom specific selections were derived: otorrhea specific items 

(ST-2, ST-6 and MR-3) and hearing specific items (ST-1 and ST-5) (12). Higher CES scores 

reflect less severe complaints. The SF-36 consists of 8 subscales representing physical 

(role) functioning, social functioning, emotional (role) functioning, vitality, body pain, and 

general health perceptions (13). The scores are translated to a scale ranging from 0 to 100, 

with a higher score indicating better QoL. The physical and mental components of the eight 

subscales can also be combined into a physical component summary (PCS) and mental 

component summary (MCS) score (15). The AIADH consists of 30 items subdivided into 6 

subscales: intelligibility in quiet, intelligibility in noise, distinction of sounds, detection of 

sounds, auditory localization and intolerance of noise. A higher score indicates better 

functional hearing. The post-operative CES scores were compared to previously published 

data on post-operative scores of patients treated for COM via a canal wall up mastoidectomy 

(CWUM) approach (n=29) and a group of control patients (n=23) who underwent eye surgery 

and had no ear complaints (12). Post-operative subscale scores on the SF-36 and AIADH 

were compared to Dutch normative data (13, 16). To rule out a possible bias due to the 

inclusion of patients operated > 5 years ago a subgroup of patients operated in the last 5 

years was evaluated separately. Results of this subgroup were compared to the results of 

the total cohort.  

 

Statistical analysis 

Baseline characteristics, adverse events and surgical results were summarized using simple 

descriptive statistics. Differences in D-CES (subscale and otorrhea and hearing specific) 

scores between the STP patients, CWUM patients and controls were analyzed using the 

non-parametric Kruskal-Wallis test. When the Kruskal-Wallis test showed statistically 

significant score differences (p < 0.05) across the three groups, we performed post-hoc 

pairwise comparisons, adjusting p-values using Bonferroni correction for multiple testing. 

Differences between the SF-36 subscale scores of STP patients and Dutch reference values 

scores were expressed in standard Z-scores (difference between mean subscale score of 

the STP-group and mean subscale score of the Dutch reference group divided by the 

standard deviation (SD) of the reference group). Differences between the AIADH subscale 

scores of STP patients and Dutch reference values scores were expressed in Hedges' g 

effect size (difference between mean subscale score of the STP-group and mean subscale 

score of the Dutch reference group divided by the pooled SD). Z-values and Hedges’ g 
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values of ≥ 0.20 were considered as a small effect, ≥ 0.50 as a medium effect and ≥ 0.80 as 

a large effect. (17). All analyses were performed in SPSS 26.0 (Chicago, IL, USA) and 

STATA 15 (Texas, USA).  
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Results 

 

Participants 

Between 1990 and 2018 a STP was performed in 181 patients (183 ears). Of these 181 

patients, 163 (164 ears) fulfilled the inclusion criteria. Eighteen patients (19 ears) were 

excluded (malignancy (n=5), FUT <6 months (n=13)). Baseline patient characteristics are 

presented in Table 1. Of the included patients, 16 patients were aged <18 years and 

therefore only included for evaluation of surgical results. Chronic otitis media (COM) was the 

major indication for surgery (69%) followed by osteoradionecrosis (15%). The indication 

‘miscellaneous’ includes diseases such as eosinophilic granuloma, Langerhans Cell 

Histiocytosis and reactive processes with inconclusive histologic results. Median TFU was 59 

months (range 6-304 months). A total of 123 patients (75%) had a TFU of > 2 years and 82 

patients (50%) of > 5 years. In 140 patients (86%) follow-up at the outpatient clinic was 

combined with MRI-DWI.  

 

Table 1. Baseline characteristics (n=163) 
 

Characteristics Number of 
patients 

Female to male ratio 72 (44%): 91 (56%) 
Age in years, median (range) 49 (6-85) 
Indication for surgery:  
Chronic otitis media 112 (69%) 
Osteoradionecrosis 24 (15%) 
Oto-liquorrhea 4 (2%) 
Foreign body 3 (2%) 
Miscellaneous 20 (12%) 
TFU in months, median (range) 59 (6-304) 

 

Surgical results 

Surgery was performed by 4 different surgeons. Single-stage implantation of a cochlear 

implant or a vibrant sound bridge (VSB) was performed in 12 and 4 patients respectively. No 

implant failures occurred. In 52 patients an adverse event occurred (32% of the total cohort). 

Most events were related to wound healing (n=33, 63% of the adverse events) (Table 2). 

Revision surgery was needed in 14 patients (22% of the adverse events). A total of 7 

patients (14% of the adverse events) had a Grade 3 adverse event (facial nerve 

paresis/palsy or cochlear hearing loss). Adverse events involving the facial nerve were not 

related to one specific indication for surgery (osteoradionecrosis (n=3) and COM (n=3)).  
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Table 2. Adverse events (n=52) using the Clavien classification  
 

Grade Complication Number of patients Treatment 
I Mild wound healing problems 

Abdominal hematoma 
Prolonged admission because of abdominal drain production 
Persistent liquorrhea 
Necrosis of skin flap donor site 
Decubitus of contralateral earlobe 
Defect to temporomandibular joint 
Facial paresis 

16 
6 
2 
4 
2 
2 
1 
1 

Conservative 
Conservative 
Conservative 
Conservative 
Conservative 
Conservative 
Conservative 
Conservative 

II Moderate wound healing problems 
Fat plasty necrosis 
Retroauricular skin fistula with protrusion of cholesteatoma 
Epidermoid cyst in blindsac 
Postoperative floppy earlobe 
Infected skull implant 

4 
2 
1 
1 
2 
1 

Surgery 
Surgery 
Surgery 
Surgery 
Surgery 
Surgery 

III Facial paresis 
Facial paresis 
Facial palsy 
Iatrogenic damage to the cochlea 

3 
2 
1 
1 

Conservative 
Surgery 
Surgery 
Conservative 

IV - 0 - 

 

In 9% (n=14) of all cases, MRI-DWI follow-up demonstrated signs of cholesteatoma in the 

obliterated middle ear or mastoid. In 8 cases, residual cholesteatoma was detected, in 6 

cases MRI-DWI revealed inclusion cholesteatoma. Of these cases the median time to 

detection was 46 months post-surgery  (range 3-92 months). In six cases with recidivism 

(residual or inclusion) of cholesteatoma, revision surgery was needed. In the other cases, a 

wait-and-scan policy was conducted. No recidivism of disease other than cholesteatoma was 

found during TFU. After excluding 26 patients with missing audiometric data a total of 137 

patients remained for evaluation of perioperative hearing. Preoperatively 99 patients (72%) 

had a Pure Tone Average (PTA) of ≥ 80 dB HL. Postoperatively another 19 patients (14%) 

had shifted to a hearing of ≥ 80 dB HL. All patients had a maximal air-bone-gap (± 60 dB HL) 

after surgery. 

 

Survey: health outcome questionnaires 

Of the included 163 patients, 20 patients (12%) were deceased during follow-up. Death was 

unrelated to the indication for surgery or the operation itself. As 16 children (aged <18 years) 

were not included in the survey part of the study, only 127 patients were eligible to complete 

the questionnaires. A response rate of 50% (64 patients) was achieved. In the subgroup of 

patients operated in the last 5 years, the response rate was 61% (22 out of 36 patients). The 

Kruskal-Wallis test showed significant differences (p-values <0.01) in D-CES (subscale as 

well as otorrhea and hearing specific) scores between the postoperative STP patients, 

postoperative CWUM patients and control group. In Table 3, the post-hoc comparisons 

between the three groups are presented.  
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Table 3. CES scores of postoperative STP patients compared to CES scores of postoperative CWUM 
patients and postoperative eye surgery patients (control group)*. 

 Post STP 
(n=64) 

Post CWUM 
surgery 
(n=29) 

Post STP 
(n=64) 

Control 
group 
(n=23) 

 Median IQR Median IQR Median IQR Median IQR 
Activity restriction 13.0 5.0 12.5 6.0 13.0 5.0 16.0 0.0 

p=0.75 * p<0.001 
Symptoms 32.5 4.0 31.0 10.3 32.5 4.0 40.0 3.0 

p=0.88 p<0.001 
Medical resource 15.0 1.0 13.0 3.5 15.0 1.0 15.0 0.0 

p<0.001 p=0.45 
Total of the 3 domains 60.5 7.8 56.0 18.0 60.5 7.8 71.0 3.0 

p=0.32 p<0.001 
Otorrhea specific items 
(ST-2, ST-6, MR-3) 

16.0 0.0 16.0 6.0 16.0 0.0 16.0 0.0 
p=0.001 p=1.00 

Hearing specific items 
(ST-1, ST-5) 

6.0 4.0 5.0 5.5 6.0 4.0 12.0 0.0 
p=1.00 p<0.001 

 
*, Post-hoc comparisons after a significant Kruskal-Wallis test; p-values were adjusted by the Bonferroni 
correction for multiple testing. Higher median scores reflect lesser complaints. IQR: interquartile range. 
 

Compared to the control group the postoperative STP patients scored significantly worse on 

all domains except for the need for medical resources and otorrhea. Postoperative CWUM 

patients had significantly more otorrhea and needed more medical resources compared to 

STP patients. SF-36 scores of postoperative STP data showed negative Z-scores in almost 

all subscales, indicating lower levels of QoL compared to Dutch reference values (Table 4). 

Most impairments were observed in physical (role) functioning and general health 

perceptions, with medium effect sizes ranging from 0.54 to 0.56. Aggregating the 8 subscale 

scores to the PCS and MCS scores, revealed an almost medium effect size (z=-0.43) in the 

physical domain and a small effect (z=-0.14) in the mental domain.  

 

Table 4. SF-36 scores of postoperative STP patients (n=64) compared to normative data  
 

 Mean SD Z score * 
Physical functioning 71.6 30.3 -0.56 
Role physical 57.5 44.8 -0.54 
Bodily pain 74.9 25.2 -0.02 
General Health Perceptions 60.0 25.7 -0.56 
Vitality 64.6 21.9 -0.23 
Social functioning 74.4 25.5 -0.46 
Role emotional 72.6 40.3 -0.31 
Mental health 77.4 17.9 +0.02 
Physical component Summary (PCS) 45.7 11.2 -0.43 
Mental component summary (MCS) 48.6 10.4 -0.14 

 
*, Differences between SF-36 scores of STP patients and Dutch reference values expressed in standard (Z) 
scores. 
 
Interpretation Z scores:  
0.20: small effect size 
0.50: medium effect size 
0.80: large effect size 
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In Table 5 the AIADH scores compared to Dutch reference values are presented. Most 

subscales demonstrate a large effect size in disadvantage of the STP cohort. Only the 

subscale ‘intolerance of noise’ showed a medium effect size (Hedges’ g = -0.54). 

Repeated analysis of the subgroup of STP patients treated within the last 5 years 

demonstrated similar results (Tables 6, 7 and 8).  

 

Table 5. AIADH scores of postoperative STP patients (n=59) compared to normative data 
 

 Mean SD Hedges’ g * 
Intelligibility in quiet 6.6 3.7 -2.38 
Intelligibility in noise 5.3 4.2 -1.61 
Distinction of sounds 13.6 5.1 -3.71 
Detection of sounds 7.8 2.1 -5.15 
Auditory localization 6.6 2.2 -3.99 
Intolerance of noise 1.2 1.1 -0.54 

 
*, Differences between AIADH scores of STP patients and Dutch reference values expressed in Hedges’ g. 
 
Interpretation Hedges’ g:  
0.20: small effect size 
0.50: medium effect size 
0.80: large effect size 
 

Table 6. Subgroup of recently operated patients (≤ 5 years). CES scores of postoperative STP 
patients compared to CES scores of postoperative CWUM patients and postoperative eye surgery 
patients (control group)*. 
 

 Post STP 
(n=22) 

Post CWUM 
surgery 
(n=29) 

Post STP 
(n=22) 

Control group 
(n=23) 

 Median IQR Median IQR Median IQR Median IQR 
Activity 
restriction 

14.0 6.0 12.5 6.0 14.0 6.0 16.0 0.0 
p=0.90 * p=0.002 

Symptoms 32.5 7.0 31.0 10.3 32.5 7.0 40.0 3.0 
p=1.00 p<0.001 

Medical 
resource 

15.0 1.0 13.0 3.5 15.0 1.0 15.0 0.0 
p=0.005 p=0.34 

Total of 
the 3 
domains 

60.5 10.8 56.0 18.0 60.5 10.8 71.0 3.0 
p=0.87 p<0.001 

Otorrhea 
specific 
items 
(S2, S6, 
M3) 

16.0 1.0 16.0 6.0 16.0 1.0 16.0 0.0 
p=0.32 p=0.54 

Hearing 
specific 
items 
(S1, S5) 

5.0 5.5 5.0 5.5 5.0 5.5 12.0 0.0 
p=1.00 p<0.001 

 
*, Post-hoc comparisons after a significant Kruskal-Wallis test; p-values were adjusted by the Bonferroni 
correction for multiple testing. 
Higher median scores reflect lesser complaints. 
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Table 7. Subgroup of recently operated patients (≤ 5 years). SF-36 scores of postoperative STP 
patients (n=22) compared to normative data. 
 

 Mean SD Z-score * 
Physical functioning 67.7 28.1 -0.74 
Role physical 51.2 47.1 -0.72 
Bodily pain 74.9 24.3 -0.02 
General Health Perceptions 57.2 26.3 -0.69 
Vitality 65.5 20.9 -0.18 
Social functioning 74.4 25.4 -0.46 
Role emotional 70.0 41.7 -0.38 
Mental health 75.9 18.2 -0.07 
Physical component Summary (PCS) 45.4 9.8 -0.46 
Mental component summary (MCS) 48.1 11.4 -0.19 

 
*, Differences between SF-36 scores of STP patients and Dutch reference values expressed in standard (Z) 
scores. 
 
Interpretation Z scores  
0.20: small effect size 
0.50: medium effect size 
0.80: large effect size 
 

Table 8. Subgroup of recently operated patients (≤ 5 years). AIADH scores of postoperative STP 
patients (n=19) compared to normative data. 
 

 Mean SD Hedges’ g * 
Intelligibility in quiet 6.1 4.2 -2.83 
Intelligibility in noise 5.2 4.6 -2.10 
Distinction of sounds 13.2 6.0 -4.49 
Detection of sounds 7.9 2.6 -6.09 
Auditory localization 6.5 2.9 -4.48 
Intolerance of noise 1.0 0.9 -0.38 

 
*, Differences between AIADH scores of STP patients and Dutch reference values expressed in Hedges’ g. 
 
Interpretation Hedges’ g  
0.20: small effect size 
0.50: medium effect size 
0.80: large effect size 
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Discussion 

 

Participants 

In this study, a large cohort of STP patients suffering from benign pathology was evaluated, 

all with a long TFU. The used surgical technique was similar to the technique described by 

Prasad et al., except for the stapes suprastructure which was left intact in the current cohort 

(1). In our opinion, removing the stapes suprastructure increases the risk of damaging the 

remaining perceptive hearing or vestibular function. 

 

Surgical results 

The main adverse events observed in the current cohort were wound healing problems 

(retroauricular, blindsac and donor site). Lyutenski et al. evaluated their wound problems in 3 

different closure techniques performing STP (18). Their revision surgery rate was 12% due to 

wound problems and they did not find any significant differences between the different 

techniques. A previously published review of literature showed rates of wound problems 

between 3.5% to 35.6% (1). The amount of wound related adverse events (20%) and related 

need for revision surgery (5%) in the current cohort is comparable to this previously 

published data. Only a few grade 3 adverse events related to the facial nerve and cochlea 

were observed. These adverse events were not related to one specific indication for surgery. 

The review of literature of Prasad et al. showed a cholesteatoma recidivism rate ranging from 

1.5% to 17% (1). Our cholesteatoma recidivism rate is within this range. 

 

Survey: health outcome questionnaires 

STP is often presented as an effective and safe technique to finally and definitely solve 

chronic ear problems (1, 19). ENT physicians seem to be very satisfied with the results in 

case of solving infection, low recidivism rate of disease and low implant failure. However, 

contentment of the doctor does not automatically mean that the patient is also satisfied with 

the postoperative situation. In the last decade there is a growing interest in Patient Recorded 

Outcome Measures (PROM’s) (12, 20, 21). PROM’s add information regarding the impact of 

surgery and postoperative symptoms to QoL (22). To our knowledge, the patients’ point of 

view regarding STP has never been studied in depth. Only Magliulo et al. evaluated QoL in 
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26 patients suffering from petrous bone fractures violating the otic capsule who underwent a 

STP (3). In comparison to our study group, those patients possibly reflected more problems 

related to the recent trauma. In the study of Magliulo, only disease-specific items were 

comprised and no questions regarding perceived QoL in general. In our study PROM’s were 

only assessed postoperatively and in some cases even after a long TFU. This a potential 

weakness of the current study. No strong conclusions can be drawn regarding the impact of 

the STP versus the impact of the disease on general QoL. However, several individual 

responses of patients did us realize that a STP in itself has more impact on general QoL than 

earlier assumed. Prospective studies could add valuable data regarding the subjective 

impact of chronic disease versus the postoperative situation. At the present time there are 

several publications about surveys which are developed to measure the subjective measures 

of the pre- and postoperative situation (12, 23, 24). However, no research has been 

performed on pre- and postoperative STP-situation yet. Comparing the CES scores to 

normative data easily explainable differences appeared. Because of the blindsac-closure 

patients did not have complaints of otorrhea and there was no long-lasting need for medical 

resources. Surprisingly there was a significant difference in the AR scale in disadvantage of 

the STP group. This difference is possibly explained by the fact that patients had a very long 

history of activity restriction prior to surgery and were afraid to change their way of living 

afterwards. Compared to the post CWUM group significant differences were found in the MR 

scale and the otorrhea specific items in favour of the post STP group which could be 

explained by the fact that the ear canal was closed. Comparison of AIADH scores to 

normative data showed very large differences which could be fully explained by the 

disadvantages of unilateral hearing which in most patients was already present 

preoperatively. No consistent data regarding postoperative hearing rehabilitation other than 

hearing implants was present. Therefore these results could not be evaluated in the current 

study. The relative lower effect size of the subscale ‘intolerance of noise’ could be the result 

of the fact that contralateral hearing was not changed peroperatively and therefore should 

not be typically different compared to normative data. A weakness of this study is the 

relatively low return rate of surveys in the total cohort (50%). One could argue if the results 

are representative for the total cohort. We believe that in a cohort like this with patients who 

were operated over a period of 28 years of time it is very difficult to even reach a high return 

rate. As results in the subgroup of patients treated with a STP within the last 5 years were 

comparable to the total cohort, we consider that the data of the total study cohort is 

representative for the STP population in general. We believe that future research should 

focus on a prospective cohort study with surveys before and after surgery to compare results 

with this current study. 
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Conclusion 

 

Subtotal petrosectomy is an effective solution for chronic ear disease and showed favourable 

surgical results. This study provides valuable data regarding the patients’ point of view after 

STP to the limited data in literature. The positive outcomes of the CES compared to ear 

surgery keeping the ear canal intact contrast with the unfavourable outcomes regarding 

general QoL and subjective hearing. 
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Appendices 

 

Appendix 1 The Chronic Ear Survey (CES) 
 

Activity Restriction Based-Subscale 
A1 Because of your ear problem, you don’t swim or shower without protecting your ear. 
 Definitely true True False Definitely false 

 
  

A2 At the present time, how severe a limitation is the necessity to keep water out of your ears? 
 Very severe Severe Moderate Mild Very mild None 

 
A3 In the past four weeks, has your ear problem interfered with your social activities with friends, 

family and groups? 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

Symptom scale 
S1 Your hearing loss is: 
 Very severe Severe Moderate Mild Very mild None 

 
S2 Drainage from your ear is: 
 Very severe Severe Moderate Mild Very mild None 

 
S3 Pain from your ear is: 
 Very severe Severe Moderate Mild Very mild None 

 
S4 Odor from your ear is very bothersome to you and/or others: 
 Definitely true True Don’t know False Definitely false 

 
 

S5 The hearing loss in your affected ear bothers you: 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

S6 In the past 6 months, please estimate the frequency that your affected ear has drained: 
 Constantly 5 or more 

times, but not 
constantly 
 

3-4 times 1-2 times Not at all  

S7 The odor from your ear affected ear bothers you and/or others: 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

Medical Resource Subscale 
M1 In the past 6 months, how many separate times have you visited your doctor, specifically about 

your ear problem? 
 More than 6 

times 
 

5-6 times 3-4 times 1-2 times None 
 

 

M2 In the past 6 months, how many separate times have you used oral antibiotics to treat your ear 
infection? 

 More than 6 
times 
 

5-6 times 3-4 times 1-2 times None 
 

 

M3 In the past 6 months, how many separate times have ear drops been necessary to treat your ear 
condition? 

 More than 6 
times 
 

5-6 times 3-4 times 1-2 times None 
 

 

Copyright  1997 Massachusetts Eye and Ear Infirmary and Outcome Science, Lic.
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Abstract 

 

The objective of the study was to evaluate postoperative hearing and disease control after 

cholesteatoma surgery for labyrinthine fistulas. In a retrospective cohort study, we evaluated 

a consecutive cohort comprising 44 patients (45 ears) with labyrinthine fistulas associated 

with chronic otitis media with cholesteatoma who underwent surgery between 2002 and 

2015. We looked at patient characteristics, pre- and postoperative bone conduction 

thresholds (BCT), operative approach and findings, extent of disease and the occurrence of 

residual disease. All deaf ears (24%) presented preoperatively with a large fistula. Opening 

the membranous labyrinth resulted in significantly worse postoperative BCT (p = 0.01). 

Neither the present study nor a literature search revealed a significant positive effect of 

corticosteroids on postoperative hearing preservation. Large fistulas were correlated with 

poorer preoperative BCTs, but not with poorer postoperative BCTs. Opening the 

membranous labyrinth during surgery is correlated with poorer postoperative BCTs and can 

be seen as a predictive parameter. The use of corticosteroids in the perioperative 

management of labyrinthine fistula was not found to result in any improvement in 

postoperative BCTs. 
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Introduction 

 

Labyrinthine fistulas are a well-known complication of chronic otitis media with 

cholesteatoma. Reported incidences vary from 4 to 15% (1-5). As the labyrinth is connected 

to the cochlea, a labyrinthine fistula can lead to sensorineural hearing loss in addition to 

vertigo (6). Surgery is challenging due to the increased risk of iatrogenic sensorineural 

hearing loss. Several classifications have been proposed for fistula size. However, there has 

not yet been any assessment of the prognostic value for postoperative hearing preservation 

(2, 7, 8). At present, these classifications can only be used as a general description of size. It 

would be very useful to have clinically relevant prognostic parameters that can predict the 

chances of preserving hearing and labyrinthine function. Parameters of this kind could 

improve our preoperative counselling. Several surgical techniques have been proposed for 

optimising the exposure of the fistula to allow meticulous eradication of the cholesteatoma 

(5). At present, the optimal surgical management of these fistulas is a topic of debate (1, 9). 

Positive effects on postoperative hearing have been described when intravenous 

corticosteroids are applied during surgery (3, 10, 11). Obliteration of the mastoid is thought to 

reduce postoperative dizziness (10). The management of cholesteatoma-induced 

labyrinthine fistulas consists of the complete removal of the cholesteatoma matrix from the 

fistula and the prevention of sensorineural hearing loss and dizziness postoperatively due to 

iatrogenic damage. The first objective of this study was to evaluate the postoperative hearing 

results in relation to several prognostic variables such as type of surgery, the size of the 

fistula and the extent of affected inner ear structures. The second objective was to evaluate 

disease control after cholesteatoma surgery when a labyrinthine fistula is present. Jang et al. 

had favourable results in their cohort with the use of perioperative intravenous corticosteroids 

(10). We will compare their results with ours (without the use of corticosteroids) and present 

an overview of the literature regarding this aspect of labyrinthine management. 
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Patients and methods 

 

Patients 

A retrospective chart review was conducted of mastoid surgery for cholesteatoma performed 

at the Department of Otolaryngology of the Academic Medical Centre between 2002 and 

2015. All patients with labyrinthine fistulas associated with cholesteatoma were selected. The 

study cohort was divided into several subgroups (Fig. 1). The total cohort was defined as 

group A for the purposes of determining the occurrence of postoperative disease. To 

determine the difference between pre- and postoperative hearing, a selection was made of 

the patients with functional hearing preoperatively and adequate hearing tests with BCT’s at 

1, 2 and 4 kHz pre- and postoperatively (group B). Group C consisted of the patients from 

group B who had a fistula in the lateral semicircular canal (LSC) only. This group was 

established to compare our hearing results with those of Jang et al. (10), who used 

intravenous corticosteroids intraoperatively. Deaf ears preoperatively (group D) or patients 

with incomplete hearing tests (group E) were not used for comparison of pre- and 

postoperative hearing. 

 

Figure 1. Subgroups in the study cohort 

 

A Total cohort, B evaluation of postoperative hearing with complete hearing tests, C evaluation of postoperative 
hearing with complete hearing tests and only fistula in LSC, D deaf ears, E ears without complete hearing tests 
 

Surgical technique 

Several surgical techniques were used in our study population. Until about 2007, the usual 

approach in our centre was to perform canal wall down mastoidectomy (CWDM) or revision 

radical cavity surgery (RRCS) when a fistula was present. After 2007, our philosophy shifted 

towards canal wall up mastoidectomy (CWUM), which is also referred to as combined 
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approach tympanoplasty (CAT), with second look or obliteration. Alternatively, in cases with 

radical cavities, we used RRCS with partial hydroxy-apatite obliteration and reconstruction of 

the canal wall (PHORC). Subtotal petrosectomies (STP) were performed when there was a 

deaf ear preoperatively. The technique adopted depended on previous surgery, preoperative 

hearing status and the extent of the disease, and not on the presence of one or more fistulas. 

In all cases, the cholesteatoma was completely removed and the fistula was covered with 

fascia and fibrin glue. Mastoid obliteration was performed in some patients in the cohort as 

the preference for this technique increased. This did not depend on the presence of any 

fistula. No intravenous corticosteroids were used before or during surgery. 

 

Fistulas 

We evaluated the extent of the damage to the labyrinth and the extent of the involvement of 

the inner ear structures. Six inner ear structures were defined: lateral semicircular canal 

(LSC), superior semicircular canal (SSC), posterior semicircular canal (PSC), cochlea, utricle 

and saccule. We used the classification proposed by Sanna et al. (7) to grade the size of the 

fistula. This classification defines three types of fistula: small fistulas (0.5–1 mm), medium (1–

2 mm) and large fistulas (>2 mm). Sanna et al. (7) measured the fistulas intraoperatively. In 

the current cohort, radiological images were used to grade fistula size. Preoperative high-

resolution computed tomography (HRCT) scan images with 0.6 mm thickness were obtained 

routinely for all patients using a Philips Brilliance 64 CT Scanner. A radiologist measured all 

fistulas in the axial plane using the technique described by Jang et al. (10) and Sone et al. 

(12) on the outer surface of the defect. 

 

Hearing 

Preoperative and postoperative pure-tone averages were measured for the bone conduction 

threshold (BCT) at 1, 2 and 4 kHz with a clinical audiometer calibrated according to ISO 

standards to assess sensorineural hearing thresholds. We defined significant sensorineural 

hearing loss as >10 dB loss at two or more frequencies. Hearing improvement was defined 

as 10 dB or more improvement at two or more frequencies (10, 11). The following 

parameters were evaluated to determine the possible effect on pre- or postoperative hearing: 

fistula size, primary or revision surgery, surgical technique, opening of the membranous 

labyrinth intraoperatively, extent of affected inner ear structures and the specific structure 

involved. Also, the use of perioperative corticosteroids was evaluated comparing our data to 

those of Jang et al. (10). A non-systematic literature search was performed using PubMed 

and Medline databases and the following MeSH terms (Cholesteatoma) and (Fistula) to 

evaluate postoperative BCT with and without the use of intravenous corticosteroids during 
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surgery. Publications were included if they specifically described whether they used 

corticosteroids intraoperatively or not for the management of labyrinthine fistula. 

 

Disease control 

Otoscopic follow-up and MRI-DWI (diffusion weighted magnetic resonance imaging) 1 year 

postoperatively were used to determine whether there was any residual or recurrent 

cholesteatoma. We looked at group A to determine whether there was any residual 

cholesteatoma in the region of the former fistula or in the obliterated cavity. Given the 

importance of striking a balance between disease control and hearing preservation, 

postoperative BCT was evaluated with and without residual cholesteatoma. Postoperative 

dizziness was evaluated in relation to obliteration of the mastoid. The need for revision 

surgery was also evaluated. 

 

Statistical analysis 

Microsoft Excel 2010 was used for statistical analysis. Linear trend analysis was performed 

on hearing results to our data with those of Jang et al. (10). Patient age and time of follow-up 

were stated as numbers and medians (range). Fisher’s exact test was performed on the 

different variables related to postoperative hearing, postoperative dizziness in relation to 

obliteration and on the presence of residual cholesteatoma and postoperative BCT. 
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Results 

 

Patients 

A total of 690 mastoid surgery cases for cholesteatoma were identified between 2002 and 

2015. Seven percent of these cases - a total of 44 patients with 45 ears - were identified as 

having labyrinthine fistulas (group A) by evaluating all surgery reports. Twenty-three ears in 

these labyrinthine fistula cases (51%) were revision surgery cases. The study cohort 

consisted of 19 females and 25 males with a median age of 49 years (range 16–76). Follow-

up time ranged from 2 to 157 months with a median of 30 months. Twenty-eight ears were 

selected to evaluate postoperative hearing results (group B) by excluding the cases with 

preoperative deaf ears (n = 11) and those with incomplete audiometry (n = 6). 

 

Surgical technique 

Several surgical techniques were used in our cohort. A radical cavity was created in four 

cases (9% of the total cohort). A PHORC procedure was performed in 10 cases (22%) and 

19 cases (42%) underwent a CAT procedure. An STP was performed in 12 cases (27%). 

Obliteration of the mastoid was performed in 29 cases (64%), 21 of which (47%) had revision 

surgery after CWDM. The membranous labyrinth was inadvertently opened during surgery in 

20% of the total cohort. Suction was never applied directly to the fistulas. 

 

Fistulas 

Preoperative HRCT scan evaluation revealed 100% of the fistulas in the current cohort, 

making it a very specific diagnostic modality. The evaluation of which specific structures were 

involved was done by HRCT and through evaluation of surgical reports. The LSC only was 

involved in 73% of the cases (33/45) (group C). A fistula in the LSC combined with other 

inner ear structures was found in 20% (9/45). The LSC was not involved at all in only 7% of 

the cases (3/45). The cochlea was involved in 11% (5/45). Up to six structures were involved 

in one case. Sixty percent of the fistulas were graded as large using the Sanna classification 

(7) (Table 1). 

 

Preoperative hearing 

In group A, the majority (47%) of the cases had a bone conduction threshold of 11–20 dB 

(Table 2). In the total cohort of 45 cases, 11 ears (24%) were deaf prior to surgery (group D). 

None of these cases involved ears with fistulas graded as small. Ten out of 11 cases (91%) 

in group D had large fistulas. 
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Table 1. Patient characteristics 

 Fistula size graded using Sanna 
classification 

Preop 
dizziness 

Preop 
deaf 
ears 

Primary 
surgery 

Revision 
surgery 

 Small   
(0.5-1 
mm) 

Medium  
(1-2 mm) 

Large   
(>2 mm) 

Female 1 6 12 14 7 8 11 
Male 4 7 15 14 4 14 12 
Total 
(n=45) 

 
5              

(11%) 

 
13              

(29%) 

 
27              

(60%) 

 
28            

(62%) 

 
11 

(24%) 

 
22 

(49%) 

 
23   

(51%) 

 

Table 2. Average preoperative bone conduction threshold (1, 2 and 4kHz) and Sanna classification 
 

 Small 
(0.5-

1mm) 

Medium  
(1-2 mm) 

Large   
(>2 mm) 

Total 

0-10 1 1 4 6 

11-20 3 7 6 16 

21-30 1 4 2 7 

31-40 0 0 1 1 

41-50 0 0 2 2 

51-60 0 0 1 1 

61-70 0 0 0 0 

71-80 0 0 1 1 

81-90 0 0 0 0 

Deaf 0 1 10 11 

Total 5 13 27 45 
Parameters with possible prognostic value for postoperative hearing 

 

In 24 cases (86%) in group B, postoperative hearing was improved or unchanged; in 2 cases 

(7%) hearing deteriorated and 2 deaf ears (7%) were found postoperatively. We have 

described group B in Figure 2 using several prognostic parameters. We found that 25% of 

the ears with deteriorated hearing and deafness had undergone primary surgery and that 

75% were revision cases (Fig. 2a). In the cases where hearing was not affected, 63% had 

undergone primary surgery and 37% were revision cases. Fisher’s exact test showed no 

statistical significance in the distribution of these cases (p value = 0.34). As can be seen in 

Fig. 2b, the various surgical techniques that were used all had a case in which deteriorated 

BCT was found postoperatively. The percentages were 6% in CAT, 25% in CWD, 11% in 

PHORC and 100% in STP. The last subgroup consisted of one case. Group B consisted of 

four cases in which the membranous labyrinth was opened during surgery. Three of these 

cases (75%) had deteriorated hearing after surgery, one of which had a deaf ear 

postoperatively (Fig. 2c). This rate of deaf ears was much higher than in cases in which the 

membranous labyrinth was not opened (1 in 20: 5%). Fisher’s exact test showed that this 

difference in this distribution between the groups was significant (p value = 0.01). The 

number of labyrinthine structures and the specific structures damaged had no prognostic 
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value (p value >0.05) (Fig. 2d, e), although there seems to be a trend for these parameters 

(p value <0.1) towards a negative prognosis if more than one structure was affected. Figure 

2F shows that medium and large fistulas can lead to both deteriorated and improved hearing 

(p value >0.05).  

 

Figure 2. Pre- (x-axis) and postoperative (y-axis) hearing (PTA in dB) in group B related to different 
variables. 
 

 

a Primary or revision surgery. b Type of surgery (CAT combined approach tympanoplasty, PHORC partial hydroxy-
apatite obliteration and reconstruction of the canal wall, STP subtotal petrosectomy). c Membranous labyrinth 
opened or not. d Number of damaged labyrinthine structures. e Specific labyrinthine structures (LSC lateral 
semicircular canal, SSC superior semicircular canal). f Fistula size graded with the Sanna classification 
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Postoperative hearing in group C was compared with the data of Jang et al. (10) to evaluate 

the effect of corticosteroids intraoperatively. Figure 3 shows the trend lines for the two 

studies: there is no significant difference between the data.  

 

Figure 3. Comparison of our data with the data of Jang et al. for postoperative hearing (PTA in dB) in 

relation to fistula size (mm) 

 

 

 

The literature search did not reveal any differences between the studies which used 

corticosteroids and those which did not (Table 3).  

 

Table 3. Postoperative hearing results with or without use of corticosteroids 

Author Year Corticosteroids 
used 

Hearing 
improved or 
unchanged 

Hearing 
deteriorated 

Deaf ear 

Dornhoffer 1995 Yes 13 (93%) 1 (7%) 0 (0%) 
Gocea 2011 Yes 22 (85%) 4 (15%) 0 (0%) 
Meyer 2015 Yes 4 (80%) 0 (0%) 1 (20%) 
Jang 2015 Yes 17 (100%) 0 (0%) 0 (0%) 
  Mean: 90% 5% 5% 
Quaranta 2009 No 43 (96%) 0 (0%) 2 (4%) 
Ueda 2009 No 24 (89%) 3 (11%) 0 (0%) 
Moon 2011 No 26 (93%) 2 (7%) 0 (0%) 
Stephenson 2011 No 28 (100%) 0 (0%) 0 (0%) 
Ikeda  2012 No 35 (92%) 3 (8%) 0 (0%) 
Geerse 2016 No 

Mean: 
24 (86%) 
93% 

2 (7%) 
5% 

2 (7%) 
2% 

 

The mean hearing results in the corticosteroid studies were 90% unchanged or improved, 

5% deteriorated and 5% deaf ears. The studies which did not use corticosteroids had a mean 

of 93% improved or unchanged hearing, 5% deteriorated and 2% deaf ears. When these 
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data were analysed, no significant differences were found between the groups in the 

distribution of deaf ears or ears with deteriorated hearing (p value >0.5). 

 

Disease control 

Six recurrent cholesteatomas (14%) were found by otoscopic evaluation with a median 

follow-up time of 18 months (range 10–22). A residual cholesteatoma was found in four 

cases (9%) using MRI-DWI. Two residual cholesteatomas were found on the dehiscent facial 

nerve (after 12 and 14 months), one on the carotid artery (after 12 months) and one in the 

supra labyrinthine area (after 35 months). No residual cholesteatomas were found on the 

labyrinthine fistula or in cases where obliteration of the mastoid was performed. Mean BCT in 

the residual group improved from 16.58 dB preoperatively to 12.50 dB postoperatively. In the 

group with no residual cholesteatomas, the mean BCT worsened from 20.58 dB to 28.54 dB 

postoperatively. However, this difference was not significant (p = 0.13). 

Twenty-eight patients (62%) presented with vertigo complaints preoperatively. 

Postoperatively, ten patients (22%) had some dizziness lasting between a few days and a 

few weeks. Nine of these patients had preoperative dizziness as well. No difference was 

found in postoperative dizziness between the group with mastoid obliteration and the group 

without an obliterated mastoid (p = 0.73). Fifteen patients had at least one second-stage 

procedure to prevent recurrence and/or for ossicular chain reconstruction. 
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Discussion 

 

Labyrinthine fistula is regarded as the most frequent complication of otitis media with 

cholesteatoma (6, 11). The management of a labyrinth fistula is challenging in itself and there 

are several other variables that add to that difficulty. The number of revision surgeries, the 

preoperative dizziness ratio, the number of damaged structures and deaf ears preoperatively 

show that our cohort consisted of very challenging cases and challenging fistulas. These 

challenging cases can be attributed to our tertiary care role. As mentioned earlier, several 

fistula classifications have been proposed for postoperative BCT. We believe that the 

simplicity of the Sanna classification (7) makes it a more suitable classification system for the 

clinic than those of Palva et al. (8), Dornhoffer et al. (2) or Quaranta et al. (13). The different 

grades are easily understandable and measurable on HRCT scans or intraoperatively. 

The reported incidence of fistulas in our cohort was 7%, which concurs with the literature (1-

5). In addition, the incidence of LSC fistulas only (73%) confirmed earlier publications (14, 

15). Our reported incidence of cochlea fistula (11%) was far higher than the incidence 

reported in the literature (<1%) (15). This could be attributable to our position as a tertiary 

care referral centre. Changes in BCT due to a labyrinthine fistula vary in other publications. 

Sheehy et al. (16) reported that 12% of patients were deaf preoperatively. Ritter (17) found a 

rate of 30%. In the current cohort 11 patients (24%) were deaf preoperatively, and 91% of 

those patients were found to have a large fistula according to the classification of Sanna et 

al. (7). These results suggest that there could be a correlation between fistula size and 

preoperative hearing. This correlation would imply that a larger fistula is linked to a higher 

probability of preoperative deafness. The percentages reported previously for the 

postoperative deterioration of BCT due to the complete removal of a cholesteatoma from the 

fistula vary between 0 and 66% and the rate of deaf ears postoperatively can rise to 12% (3). 

In our study, these rates were 7 and 7%, respectively. Like Jang et al. (10), Meyer et al. (18) 

and Sone et al. (19), we found no correlation between fistula size and postoperative BCT. 

Ikeda et al. (20) did find a correlation between fistula size and poorer postoperative BCT. 

Moon et al. (21) postulated a possible explanation for this difference: it could be that, in some 

studies, all patients with large fistulas were already deaf preoperatively. The retrospective 

evaluation of our cohort did not identify any differences between primary / revision surgery or 

surgical techniques in terms of postoperative hearing. Opening the membranous labyrinth 

during surgery involves a major risk of labyrinthine damage because intramembranous fluid 

can leak out. As mentioned before, this can also have an adverse effect on the cochlea. This 

may be attributed to an inflammatory reaction in the intra labyrinthine and intra cochlear 
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system. The fact that all labyrinthine structures are connected to each other could explain the 

absence of a correlation between the number of damaged structures and specific damaged 

structures on the one hand and postoperative BCT on the other. 

As the literature assumes that intravenous corticosteroids during the peeling of the 

cholesteatoma matrix of the labyrinth may be beneficial (2, 10, 11, 18), we looked at this 

method in the light of our data. No statistical difference was found in literature search or in 

our direct comparison to the data of Jang et al. (10). Mastoid obliteration can be a safe and 

elegant way to prevent recurrent cholesteatoma entering the mastoid cavity (Geerse et al. 

(22)). Jang et al. (10) stated that mastoid obliteration can also prevent pressure changes 

from the ear canal and therefore prevent postoperative dizziness. We did not find this in our 

cohort, possibly because our method of ‘fistula sealing’ already protects the membranous 

labyrinth from pressure changes. Most publications do not give details about residual or 

recurrent cholesteatoma. Meyer et al. (18) had a residual rate of 19%, which is twice as high 

as ours. On the other hand, they had only one postoperative deaf ear. As stated previously, 

we believe that there could be a correlation between the thorough eradication of the 

cholesteatoma matrix from the fistula and postoperative hearing. Our high rate of opened 

membranous labyrinth was linked to a low residual rate, but the finding of two deaf ears 

postoperatively also supports our hypothesis, the appraisal of which could benefit from 

residual rates from other studies. Both variables should be taken into account to arrive at fair 

results. It is remarkable that no residual cholesteatoma was found in ears which were 

partially obliterated, although obliteration was performed in almost two-thirds of the cohort. A 

possible explanation could be that obliteration also prevents any remaining cholesteatoma 

matrix from developing into a genuine residual cholesteatoma. This finding could be an 

additional argument in favour of a single-stage surgical procedure. Hinohira et al. (23) found 

less epithelia growth in obliterated cavities in an animal model. Since this was an animal 

model that used tissue other than real cholesteatoma, we believe more clinical data are 

needed to support this hypothesis. 
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Conclusion 

 

This study shows that labyrinthine fistulas are mostly located in the LSC. Large fistulas are 

correlated with deteriorated preoperative BCT, but not with deteriorated postoperative BCT. 

Fistula size is therefore not clinically useful as a predictive parameter during counselling. 

Opening the membranous labyrinth during surgery is correlated with deteriorated 

postoperative BCT and can be seen as a predictive parameter in this type of surgery. The 

present study and the literature have found no protective effect relating to postoperative BCT 

associated with the use of corticosteroids in the surgical management of labyrinthine fistula. 

Despite the fact that no conclusions can be drawn about the balance between the eradication 

of cholesteatoma matrix from the labyrinthine fistula and postoperative hearing, we propose 

the more widespread publication of both variables to establish an accurate and fair picture of 

the results in combination. 
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Abstract 

 

Background 

To validate and evaluate the reliability of the Dutch version of the Chronic Ear Survey (CES) 

in patients suffering from Chronic Suppurative Otitis Media (CSOM) and to evaluate clinical 

outcomes of surgery using this questionnaire. 

Methods 

We developed the Dutch version of the CES (D-CES) using forward-backward translation of 

the original CES into the Dutch language. Next, patients with CSOM and controls completed 

the D-CES pre- and postoperatively. Internal consistency, test-retest reliability, known-group 

validity and convergent validity were evaluated. In addition to the D-CES, the Short Form 36 

(SF-36) was administered to all participants to correlate D-CES data to quality of life. 

Results 

A total of 29 patients with CSOM scheduled for ear surgery were included. Our control group 

consisted of 26 patients scheduled for eye surgery, all without signs and symptoms of 

CSOM. Cronbachs’ α of the complete questionnaire was 0.69. The Intraclass Correlation 

Coefficients (ICCs), reflecting test-retest reliability, ranged between 0.69 and 0.82. Scores 

differed significantly between CSOM patients and controls with substantial lower (more 

impaired) D-CES scores in the CSOM group. Duration of complaints preoperatively and the 

presence of a dry ear and/or improvement of hearing postoperatively all had a significant 

impact on D-CES improvement scores. Small to moderate correlations were found between 

D-CES subscales and matching subscales of the SF-36. 

Conclusion 

The D-CES is an appropriate disease specific questionnaire to assess a patient’s perceived 

functional health in CSOM. 
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Introduction 

 

Patient reported outcome measures (PROM’s) and impact of medical and/or surgical 

treatment on quality of life are of increasing importance in current medical practice, including 

the field of otology (1-4). In addition to objective measures such as pure tone audiometry and 

Computer Tomography (CT), PROM’s provide supplemental information regarding the 

impact of symptoms on patient burden and patient’s perception of treatment efficacy (5). 

Therefore the need for clinimetrically solid patient reported outcome measures is paramount. 

Koenraads et al. showed that especially the field of otology lacks validated questionnaires 

(6). For the Dutch population, only a few questionnaires addressing Chronic Suppurative 

Otitis Media (CSOM) are available (1-4). As CSOM effects approximately 2% of the 

population we felt the urge to develop a Dutch PROM for this disease (7). The version of the 

COMQ-12 by Van Dinther et al. has already been published as a ‘Dutch’ version (4). 

However, there are substantial differences between Flemish and Dutch language. Therefore, 

in our opinion, the Flemish version is not suitable for the Dutch population. Currently, 

Bruinewoud et al. are developing a Dutch generic patient related outcome measure 

consisting of 34 items addressing the severity of ear complaints and their impact on quality of 

life (1). According to our opinion, a generic questionnaire is not as useful when studying a 

well-defined subpopulation, for example a population of patients suffering from CSOM. The 

to be developed generic ear questionnaire is quite long and therefore time consuming to 

administer. Both arguments favoured the need for a short disease-specific functional health 

questionnaire for patients suffering from CSOM with which we are able to detect pre- and 

post-operative differences in health. With these demands in mind, the Chronic Ear Survey 

(CES) was potentially very appropriate. The CES is a validated outcomes measure for 

evaluating the impact of CSOM on adults (8). This questionnaire was originally validated for 

the English language and later for the Chinese and Italian language (8, 9). Our objective was 

to validate and evaluate the reliability of the Dutch version of the Chronic Ear Survey (CES) 

in patients suffering from CSOM and to evaluate clinical outcomes of surgery using this 

questionnaire.
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Methods 

 

Questionnaire 

The CES is a 13 item disease-specific questionnaire, aiming to measure health impact and 

treatment effectiveness in patients with CSOM (Appendix 1). The questionnaire consists of 

three domains: activity restriction (AR; 3 items), symptoms (ST; 7 items) and medical 

resource (MR; 3 items). The answers are ordered as a Likert-type scale varying from 4 to 6 

answers per item. The most positive answer is always positioned on the right. A total score is 

the sum of all 13 items and domain scores are calculated as the sum of concerning domain 

items. Total score of the CES ranges from 13 to 71, with higher scores indicating better 

functional health. 

Translation 

Permission to translate and validate the original CES was obtained from the Clinical 

Outcome Research Unit of the Massachusetts Eye and Ear Infirmary (10). The original CES 

was translated into the Dutch language independently by the first and the last author. This 

translation was send to an official translator and native English speaker who retranslated the 

Dutch version back to the English language. The Dutch and English version were compared 

by the first, third and last author. A few corrections were made to obtain fluent Dutch 

sentences without changing the original meaning of the questions. Appendix 2 depicts the 

Dutch CES (D-CES) after translation. 

Patients and control group 

A prospective monocenter observational cohort study was performed at the Amsterdam 

University Medical Centers (Amsterdam UMC) location AMC between May 2015 and 

October 2017. Adult patients with CSOM scheduled for ear surgery were asked to complete 

the D-CES pre- and postoperatively. CSOM was defined as a condition of the middle ear of 

at least 3 months’ duration and characterised by irreversible pathological changes in the 

mucosa of the middle ear and/or mastoid and associated with constant or intermittent 

discharge of bacterial origin (7). Patient characteristics in terms of age, sex, duration of 

complaints, number of previous operations, presence of a dry ear postoperatively and results 

upon pure tone audiometry pre- and postoperatively were collected. Improved postoperative 

hearing was defined as ≥10 dB improvement of high Fletcher Index (average of 1, 2 and 

4 kHz). A decrease of ≥10 dB was used as definition of deterioration of postoperative 

hearing. Control subjects were also asked to participate in this study. The control group 
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consisted of patients with an eye condition and indication for eye surgery. The study was 

approved by the medical ethics committee of the Amsterdam UMC and written informed 

consent was obtained from all patients. Patients in the CSOM group were asked to complete 

the questionnaire two times preoperatively with at least a two-week-interval in order to 

investigate test-retest reliability. Approximately 6 months postoperatively all patients 

completed the questionnaire again. The control group was asked to complete the 

questionnaire one time preoperatively and once 6 months postoperatively. The D-CES was 

self-administered, either in the hospital or at home, and if necessary returned by post. 

Internal consistency and test-retest reliability 

With regard to the reliability of the D-CES we focused on internal consistency and test-retest 

reliability of D-CES scores. Internal consistency or homogeneity reflects the statistical 

coherence of scale items and can be measured using Cronbach’s α coefficient. Cronbach’s α 

coefficient is based on the weighted average correlation of items within the scale. We also 

calculated the corrected item-total correlations, which represent the correlation of the single 

item and the respective total subscale score, excluding that item. Correlations ≥0.30 are 

considered to be sufficient (11). Homogeneity and test-retest reliability were investigated 

preoperatively. 

Known group validity and convergent validity 

We investigated two aspects of validity: known-group validity (or clinical validity) and 

convergent validity. A scale demonstrates known-group validity if it discriminates between 

(sub) groups of patients with known differences in clinical status. Convergent validity is 

demonstrated by significant correlations between scale scores and another instrument(s) 

measuring the same or closely associated heath domains. The known-group validity was 

assessed by comparing (a) the D-CES baseline scores with baseline scores of our control 

group and (b) relating the D-CES change scores between baseline and 6 months post-

operatively with the duration of preoperative otorrhea, primary or revision surgery, amount of 

previous operations, presence of a postoperative dry ear, post-operative improved hearing, 

and postoperative deterioration in hearing. Concerning convergent validity, we compared the 

pre- and postoperative D-CES scores with correlated subscales of the Dutch version of the 

Medical Outcome Study 36-Item Short-Form Health Survey (SF-36) which was also 

administered to all participants (12). This Quality of Life (QoL) questionnaire was 

administered twice, once preoperatively and once 6 months postoperatively. The SF-36 

consist of eight subscales representing physical (role) functioning, social functioning, 
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emotional (role) functioning, vitality, body pain, and general health perceptions. The scale 

scores are transformed to a scale of 0 to 100, with a higher score indicating a better QoL. 

The physical and mental components of the eight subscales can also be combined into a 

physical and mental component summary score (13). For this study the social functioning 

subscale of the SF-36 was compared to the activity subscale of the D-CES, bodily pain to 

symptoms and general health perceptions to the total questionnaire. No sufficient subscale 

was present in the SF-36 for comparison with the medical resources subscale of the D-CES. 

Statistics 

Patient characteristics were analysed using simple descriptive statistics. Internal consistency 

was expressed using Cronbach’s α correlation coefficient (14). Item-total correlations and 

test-retest reliability were analysed using a Pearson’s correlation coefficient and Intraclass 

Correlation Coefficient (ICC). ICC values < 0.40 can be considered as poor; between 0.40 

and 0.59 as fair; between 0.60 and 0.74 as good; and between 0.75 and 1.00 as excellent 

(15). Statistical uncertainty of ICC values was expressed using a 95% confidence interval 

(CI). Differences between mean (change) scores were analysed using a two-group t test. 

Convergent correlation patterns were expressed in Pearsons’ rank correlation coefficients. 

All analyses were performed in Statistical Package for the Social Sciences (SPSS), version 

24. 
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Results 

 

Patients and control group 

Between March 2015 and October 2016 forty-seven patients with CSOM were included. 

Twenty-nine out of these 47 patients (62%) fully completed all questionnaires: both the two 

preoperative and the postoperative questionnaire. In the same period 35 patients in the 

control group were included. Twenty-six out of 35 control patients (74%) responded to the 

questionnaire pre- and postoperatively. Table 1 summarizes the patient characteristics. The 

median age of patients in the CSOM group was 54 compared to 64 in the control group. 

Median duration of otorrhea was 33 months (range 3 to 380 months). 

 

Table 1. Patient characteristics 

 
 Amount of 

patients (n) 
Age,  
median 
(range) 

Female-to-
male ratio 

Duration of 
otorrhea in 
months, 
median 
(range) 

Revision 
surgery 
n (%) 

Previous ear 
operations, 
median 
(range) 

CSOM 
group 

29 54 (27-80) 13:16 33 (3-380) 17 (59%) 1 (0-8) 

Control 
group 

26 64 (24-92) 15:11 NA NA NA 

 

Internal consistency and test-retest reliability 

Internal consistency calculated with Cronbach’s α correlation coefficient of the total scale was 

0.69. Homogeneity analyses of the separate domains resulted in α = 0.47 for the AR 

subscale, α = 0.72 for the ST subscale and α = 0.68 for the MR subscale (Table 2). In 

general, the items contributed to the reliability of their respective domains. However three 

relative weak items could be identified; item a3 in the activity restriction domain showed poor 

correlation with the domain score (item-total correlation is r = 0.10). Removing this item 

improved the homogeneity of the domain to α = 0.74. Two other weak items were found in 

the symptom domain (s3, r = 0.11 and s6, r = 0.12). Deletion of these items improved the 

homogeneity of this subscale to α = 0.76 and α = 0.74, respectively. The Intraclass correlation 

coefficient (ICC) reflecting test-retest reliability for the total questionnaire was 0.71 (95% CI: 

0.44 to 0.86). The ICC for subscale AR was 0.82 (95% CI: 0.65 to 0.92), for subscale ST the 

ICC was 0.69 (95% CI: 0.42 to 0.85) and for subscale MR it was 0.64 (95% CI: 0.36 to 0.82). 
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Table 2. Homogeneity of the three domains of the D-CES 

 
Domain Items α if 

item 
deleted 

Corrected 
item-total 
correlation 

Activity restriction a1. Swimming .05 .56 
α = .47 a2. Keep water 

out 
.30 .33 

 a3. Interfering with 
social activities 

.74 .10 

Symptoms s1. Hearing loss .69 .44 
α = .72 s2. Drainage .65 .59 
 s3. Pain .76 .11 
 s4. Odor .61 .71 
 s5. Impact of 

hearing loss 
.66 .51 

 s6. Frequency of 
drainage 

.74 .12 

 s7. Impact of odor .63 .62 
Medical resource m1. Doctor visits .68 .41 
α = .68 m2. Oral 

antibiotics 
.59 .48 

 m3. Ear drops .42 .60 

 

Known group validity and convergent validity 

Significant differences were found between the subscale scores and total scores pre- and 

postoperatively of the CSOM group and the control group, with substantial lower (more 

impaired) D-CES scores in our target population (Table 3).  

 

Table 3. Known-group-validity: D-CES scores  in the CSOM group and  control group 

 tA 
Mean 
(SD) 

tS 
Mean 
(SD) 

tM 
Mean 
(SD) 

tTotal 
Mean 
(SD) 

pA 
Mean 
(SD) 

pS 
Mean 
(SD) 

pM 
Mean 
(SD) 

pTotal 
Mean  
(SD) 

CSOM (n=29) 9.59 
(3.44) 

19.69 
(5.86) 

9.50 
(3.10) 

38.79 
(8.62) 

11.96 
(3.43) 

29.64 
(7.06) 

12.45 
(2.81) 

53.64 
(11.90) 

Controls (n=26) 15.89 
(0.32) 

39.40 
(1.57) 

14.91 
(0.43) 

70.42 
(1.47) 

15.39 
(2.52) 

38.13 
(3.95) 

14.83 
(0.65) 

68.35 
(5.47) 

p= < 0.001 < 0.001 < 0.001 < 0.001 0.001 0.01 < 0.001 < 0.001 
 
t=test preoperatively, p=postoperatively, A=activity restriction, S=patient symptoms, M=use of medical 
resource 

 

Also patients with a relative shorter duration of preoperative otorrhea (median < 33 months) 

had higher mean change of D-CES scores (improved more) compared to patients with longer 

duration of disease (Table 4). Difference between mean change scores were significant on 

the subscale AR (p = 0.02) and on the total questionnaire (p = 0.03). Twenty-four ears (83%) 

remained dry after surgery objectively. Compared to the patients with persistent discharging 

ears these patients improved significantly more on the subscales ST and MT, and on the 

complete questionnaire (p values < 0.01). 
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Table 4. Known-group-validity: clinical characteristics in relation to mean change scores from baseline 

to follow-up  

 
  Subscale 

Activity 
Restriction 

Subscale  
Symptoms 

Subscale  
Medical 
Resources 

Total 
questionnaire 

Duration of 
preoperative 
otorrhea 

˂ 33 months, 
Mean (SD) 
n=14 

3.92 (3.73) 12.15 (6.53) 4.29 (2.55) 20.23 (8.73) 

≥ 33 months 
Mean (SD) 
n=15 

0.60 (3.44) 7.33 (8.38) 1.79 (4.42) 10.21 (13.64) 

p 0.02 0.11 0.08 0.03 
Primary versus 
revision surgery 

Primary 
n=12 

2.64 (3.41) 9.55 (7.45) 3.50 (3.61) 15.45 (10.33) 

Revision 
n=17 

1.82 (4.25) 9.56 (8.30) 2.69 (3.96) 14.75 (14.00) 

p 0.60 0.99 0.58 0.88 
Amount of 
previous 
operations 

0 operations 
n=12 

2.64 (3.41) 9.55 (7.45) 3.50 (3.61) 15.45 (10.33) 

≥ 1 operations 
n=17 

1.82 (4.25) 9.56 (8.30) 2.69 (3.96) 14.75 (14.00) 

p 0.60 0.99 0.58 0.88 
Postoperative 
dry ears 

Yes 
n=24 

2.65 (3.71) 11.65 (6.67) 3.79 (3.43) 18.00 (10.16) 

No 
n=5 

-0.20 (4.27) 0.00 (5.48) -1.50 (2.38) -2.00 (11.17) 

p 0.14 <0.01 <0.01 <0.01 
Postoperative 
improved 
hearing 

Yes 
n=21 

1.86 (4.56) 15.43 (5.53) 5.00 (1.69) 22.14 (5.11) 

No 
n=8 

2.24 (3.77) 7.62 (7.59) 2.25 (4.10) 12.55 (13.33) 

p 0.83 0.02 0.02 0.01 
Postoperative 
decreased 
hearing 

Yes 
n=5 

2.00 (2.83) 7.00 (5.57) 1.20 (3.56) 8.20 (13.31) 

No 
n=24 

2.17 (4.14) 10.13 (8.24) 3.43 (3.76) 16.59 (11.98) 

p 0.93 0.43 0.24 0.17 
      

 

 

The otorrhea-specific items S2, S6 and M3 all showed significant improvement (p <  0.05) 

postoperatively in patients with dry ears. Twenty-one patients (72%) showed improved 

hearing postoperatively which resulted in significantly higher change score on each subscale. 

No significant impact on the D-CES change scores was seen for type of surgery, amount of 

previous operation and postoperative decreased hearing. Convergent validity of the D-CES 

demonstrated a moderate correlation between the AR subscale of the D-CES and the social 

function subscale of the SF-36 in the preoperative situation (r = 0.59, Table 5). This 

correlation was weaker in the postoperative phase (r = 0.29). Weaker correlations were found 

for ST and the pain subscale of the SF-36 (r = 0.29), and for the total questionnaire and the 

general health perception subscale of the SF-36 (r = 0.17 and r = 0.37). 
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Table 5. Convergent validity of the D-CES and its domains 

 

D-CES domain Matching health domain SF-36 Correlation 
coefficient 
preoperatively 

Correlation 
coefficient 
postoperatively  

Activity restriction Social functioning subscale 0.59 0.29 
Symptoms Bodily pain subscale 0.29 0.29 
Medical 
resources 

NA – – 

Total 
questionnaire 

General Health perceptions 
subscale 

0.17 0.37 

 
NA = not applicable since there is no correlating SF-36 subscale  
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Discussion 

 

The D-CES is a suitable questionnaire to obtain subjective data of patients with CSOM. The 

Dutch otologist is now able to use this questionnaire as a disease specific tool to evaluate 

pre- and postoperative satisfaction. As the CES is now available in four languages it 

facilitates easier comparison of different study populations (8-10). Forward-backward 

translation of the original CES into the Dutch language was performed similar to other 

studies (2, 4). A few items of the CES have a 6-point Likert-type response scale. This poses 

a limitation as it denies the option ‘no change’ within the answers. Questionnaires like the 

Zurich chronic middle ear inventory (ZCMEI-21) specifically chose a 5-point response option 

to address this problem (3) compared to the original Chronic Otitis Media Questionnaire-12 

(COMQ-12) which comprises of a 6-point Likert scale (16). At this moment the COMQ-12 is 

translated into Flemish, Russian and Serbian (4, 17, 18). Surprisingly it appears that the 

Russian version is based on a 5-point Likert scale. In that case we believe that these 

questionnaires are not comparable anymore. Recently Phillips et al. developed the Chronic 

Otitis Media Benefit Inventory (COMBI) (19). This is a mixed generic and specific dynamic 

patient-reported outcome measure. It is derived from the COMQ-12 and asks patients to 

report any perceived changes in symptoms so it can only been used following an 

intervention. We believe that it is important to start with baseline subjective data before 

surgery to enable comparison of disease specific patient reported outcomes. As the original 

CES was already validated in a large population we chose a relatively small population for 

the Dutch validation (10). This is in concordance with the translation and validation as 

performed by Van Dinther et al. (4). In our opinion patients with eye disease are very similar 

to patients with ear disease and the postoperative burden is also comparable. Therefore 

these patients were suitable to serve as control subjects. Internal consistency of the D-CES 

was not as good as the original English version (10). Especially the alpha coefficient of the 

AR subscale was relative low. As the Cronbach’s α values partly depends on the number of 

items on a scale, the internal consistency of the questionnaire was additionally described in 

terms of corrected item-total correlations. The low item-total correlation of item A3 can 

probably explain that this item reflects social function instead of physical activities. Still the 

homogeneity coefficient of the total questionnaire is acceptable. The point estimates of the 

test-retest reliability (of the subscales) of the D-CES turned out to be good. Joseph et al. did 

not find significant associations between clinical parameters and functional outcomes, using 

the Glasgow Benefit Inventory (GBI) (5). Using the disease-specific D-CES we found that 

improvement scores were significantly influenced by preoperative duration of complaints, 
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postoperative dry ears and postoperative improved hearing. These findings contribute to the 

clinical validity of the D-CES. Correlation between D-CES and SF-36 subscales were only 

moderate to small, showing no substantial correlation between a disease-specific functional 

measure and a generic measure quality of life, as suspected. A limitation of this study is that 

a number of clinimetric properties was not evaluated and are thus unsettled. This include the 

assessment of convergent validity with a disease-specific measure, a more in-depth 

investigation of the responsiveness of the D-CES to measure health changes over time, and 

– related to this issue - the determination of the smallest D-CES change score (after 

treatment) that is considered clinically important for the patient.
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Conclusions 

 

The Dutch version of the Chronic Ear Survey provides an appropriate short, easy to 

administer, disease specific questionnaire to assess patient’s perceived functional health in 

CSOM. The CES is now validated in four languages with good potential of population 

comparison. The D-CES showed acceptable homogeneity and good test-retest reliability. 

Known-group (or clinical) validity demonstrated a clear association with preoperative duration 

of complaints, postoperative dry ears and postoperative improved hearing. These findings 

suggest that the D-CES can be used to evaluate surgical outcome as well.
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Appendices 

 

Appendix 1 The original Chronic Ear Survey (CES) 

 

Activity Restriction Based-Subscale 
A1 Because of your ear problem, you don’t swim or shower without protecting your ear. 
 Definitely true True False Definitely false 

 
  

A2 At the present time, how severe a limitation is the necessity to keep water out of your ears? 
 Very severe Severe Moderate Mild Very mild None 

 
A3 In the past four weeks, has your ear problem interfered with your social activities with friends, 

family and groups? 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

Symptom scale 
S1 Your hearing loss is: 
 Very severe Severe Moderate Mild Very mild None 

 
S2 Drainage from your ear is: 
 Very severe Severe Moderate Mild Very mild None 

 
S3 Pain from your ear is: 
 Very severe Severe Moderate Mild Very mild None 

 
S4 Odor from your ear is very bothersome to you and/or others: 
 Definitely true True Don’t know False Definitely false 

 
 

S5 The hearing loss in your affected ear bothers you: 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

S6 In the past 6 months, please estimate the frequency that your affected ear has drained: 
 Constantly 5 or more 

times, but not 
constantly 
 

3-4 times 1-2 times Not at all  

S7 The odor from your ear affected ear bothers you and/or others: 
 All of the time Most of the 

time 
A good bit of 
the time 

Some of the 
time 

A little of the 
time 
 

None of 
the time 

Medical Resource Subscale 
M1 In the past 6 months, how many separate times have you visited your doctor, specifically about 

your ear problem? 
 More than 6 

times 
 

5-6 times 3-4 times 1-2 times None 
 

 

M2 In the past 6 months, how many separate times have you used oral antibiotics to treat your ear 
infection? 

 More than 6 
times 
 

5-6 times 3-4 times 1-2 times None 
 

 

M3 In the past 6 months, how many separate times have ear drops been necessary to treat your ear 
condition? 

 More than 6 
times 
 

5-6 times 3-4 times 1-2 times None 
 

 

Copyright  1997 Massachusetts Eye and Ear Infirmary and Outcome Science, Lic.
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Appendix 2 The Dutch Chronic Ear Survey (D-CES) 

 

Schaal gebaseerd op activiteitenbeperking 
A1 Vanwege uw oorprobleem zwemt of doucht u niet zonder uw oor te beschermen. 
 Helemaal juist Grotendeels 

juist 
Grotendeels 
onjuist 

Helemaal 
onjuist 
 

  

A2 Hoe erg belemmerend is op dit moment de noodzaak om water uit uw oren te houden? 
 Heel erg Erg Gemiddeld Matig Zeer matig Niet 

 
A3 Heeft uw oorprobleem u in de afgelopen 4 weken gehinderd in uw sociale activiteiten met 

vrienden, familie of groepen? 
 Altijd Bijna altijd Meestal Regelmatig Soms 

 
Nooit 

Schaal gebaseerd op symptomen 
S1 Uw gehoorverlies is: 
 Zeer groot Groot Gemiddeld Matig Mild Geen 

 
S2 Uw loopoor is: 
 Zeer ernstig Ernstig Gemiddeld Matig Mild Geen 

 
S3 Uw oorpijn is: 
 Zeer ernstig Ernstig Gemiddeld Matig Mild Geen 

 
S4 De geur uit uw oor is erg vervelend voor u en/of anderen: 
 Helemaal juist Grotendeels 

juist 
Ik weet het 
niet 

Grotendeels 
onjuist 

Helemaal 
onjuist 
 

 

S5 Het gehoorverlies in uw aangedane oor stoort u: 
 Altijd Meestal Een groot deel 

van de tijd 
Een deel van 
de tijd 

Een klein deel 
van de tijd 
 

Nooit 

S6 Wilt u de frequentie schatten dat u in de afgelopen 6 maanden een loopoor hebt gehad aan de 
aangedane zijde? 

 Constant 5 of meer 
keer, maar niet 
constant 
 

3-4 keer 1-2 keer Helemaal niet  

S7 De geur uit uw aangedane oor stoort u en/of anderen: 
 Altijd Meestal Een groot deel 

van de tijd 
Een deel van 
de tijd 

Een klein deel 
van de tijd 
 

Nooit 

Schaal gebaseerd op medische zorg 
M1 Hoeveel afzonderlijke keren hebt u in de afgelopen 6 maanden uw arts bezocht specifiek 

vanwege uw oorprobleem? 
 Meer dan 6 

keer 
 

5-6 keer 3-4 keer 1-2 keer Niet  
 

 

M2 Hoeveel afzonderlijke keren hebt u in de afgelopen 6 maanden orale antibiotica gebruikt om uw 
oorinfectie te behandelen? 

 Meer dan 6 
keer 
 

5-6 keer 3-4 keer 1-2 keer Niet 
 

 

M3 Hoeveel afzonderlijke keren waren in de afgelopen 6 maanden oordruppels nodig om uw 
ooraandoening te behandelen? 

 Meer dan 6 
keer 

5-6 keer 3-4 keer 1-2 keer Niet 
 

 

       
Copyright  1997 Massachusetts Eye and Ear Infirmary and Outcome Science, Lic. 



117 

 

References 

 

1. Bruinewoud EM, Kraak JT, van Leeuwen LM, Kramer SE, Merkus P. The Otology Questionnaire 
Amsterdam: a generic patient reported outcome measure about the severity and impact of ear 
complaints. A cross-sectional study on the development of this questionnaire. Clin Otolaryngol. 
2018;43(1):240-8. 

2. Oorts E, Phillips J, Van de Heyning P, Yung M, Van Rompaey V. Dutch health-related quality of 
life measure for chronic otitis media. B-ENT. 2015;11(4):291-5. 

3. Bachinger D, Roosli C, Ditzen B, Huber AM. Development and validation of the Zurich chronic 
middle ear inventory (ZCMEI-21): an electronic questionnaire for assessing quality of life in 
patients with chronic otitis media. Eur Arch Otorhinolaryngol. 2016;273(10):3073-81. 

4. van Dinther J, Droessaert V, Camp S, Vanspauwen R, Maryn Y, Zarowski A, et al. Validity and 
Test-Retest Reliability of the Dutch Version of the Chronic Otitis Media Questionnaire 12 
(COMQ-12). J Int Adv Otol. 2015;11:248-52. 

5. Joseph J, Miles A, Ifeacho S, Patel N, Shaida A, Gatland D, et al. Comparison of quality of life 
outcomes following different mastoid surgery techniques. The Journal of Laryngology. 
2015;129:835-9. 

6. Koenraads SP, Aarts MC, van der Veen EL, Grolman W, Stegeman I. Quality of life 
questionnaires in otorhinolaryngology: a systematic overview. Clin Otolaryngol. 2016;41(6):681-
8. 

7. Nadol JB, Jr., Staecker H, Gliklich RE. Outcomes assessment for chronic otitis media: the 
Chronic Ear Survey. Laryngoscope. 2000;110(3 Pt 3):32-5. 

8. Wang PC, Chu CC, Liang SC, Tai CJ, Gliklich RE. Validation assessment of the Chinese-
version Chronic Ear Survey: a comparison between data from English and Chinese versions. 
Ann Otol Rhinol Laryngol. 2003;112(1):85-90. 

9. Ralli G, Milella C, Ralli M, Fusconi M, La Torre G. Quality of life measurements for patients with 
chronic suppurative otitis media: Italian adaptation of "Chronic Ear Survey". Acta 
Otorhinolaryngol Ital. 2017;37(1):51-7. 

10. Wang PC, Nadol JB, Jr., Merchant S, Austin E, Gliklich RE. Validation of outcomes survey for 
adults with chronic suppurative otitis media. Ann Otol Rhinol Laryngol. 2000;109(3):249-54. 

11. Field A. Discovering statistics using SPSS. 3rd ed: Sage Publications Ltd; 2009. 
12. Aaronson NK, Muller M, Cohen PD, Essink-Bot ML, Fekkes M, Sanderman R, et al. Translation, 

validation, and norming of the Dutch language version of the SF-36 Health Survey in community 
and chronic disease populations. J Clin Epidemiol. 1998;51(11):1055-68. 

13. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care. 1992;30(6):473-83. 

14. Nunnaly JC, Bersntein IH. Psychometric theory. 3rd ed: McGraw-Hill; 1994. 
15. Cicchetti DV. Guidelines, criteria and rules of thumb for evaluating normed and standardized 

assessment instruments in psychology. Psychol Assess. 1994;6:284-90. 
16. Phillips JS, Haggard M, Yung M. A new health-related quality of life measure for active chronic 

otitis media (COMQ-12): development and initial validation. Otol Neurotol. 2014;35(3):454-8. 
17. Kosyakov SI, Minavnina JV, Phillips JS, Yung MW. International recognition of the Chronic Otitis 

Media Questionnaire 12. J Laryngol Otol. 2017;131(6):514-7. 
18. Bukurov B, Arsovic N, Grujicic SS, Haggard M, Spencer H, Marinkovic JE. Psychometric 

characteristics of the chronic Otitis media questionnaire 12 (COMQ - 12): stability of factor 
structure and replicability shown by the Serbian version. Health Qual Life Outcomes. 
2017;15(1):207. 

19. Phillips JS, Haggard M, Spencer H, Yung M. The Chronic Otitis Media Benefit Inventory 
(COMBI): Development and Validation of a Dynamic Quality of Life Questionnaire for Chronic 
Ear Disease. Otol Neurotol. 2017;38(5):701-7. 



118 

 

 



119 

 



120 

 

 

 

 

 

CHAPTER 3.3 

 

HEARING AND HEARING REHABILITATION 

AFTER OBLITERATION OF TROUBLESOME 

MASTOID CAVITIES 

 

 

S Geerse, TJM Bost, S Allagul, MJF de Wolf, FA Ebbens, E van Spronsen 

 

Published:  2020 European Archives of Oto-Rhino-Laryngology 



121 

 

Abstract 

 

Purpose 

The purpose of this study is the evaluation of post-operative hearing threshold after revision 

surgery and obliteration of troublesome canal wall down mastoidectomy cavities (CWDMCs). 

The ability to use and tolerate conventional hearing aids (CHAs) was also evaluated. 

Methods 

A retrospective chart analysis of 249 patients with chronically draining CWDMCs who 

underwent revision surgery including obliteration of the mastoid cavity between 2007 and 

2017 at the AMC location of the Amsterdam University Medical Centers (Amsterdam UMC) 

was performed. Patient characteristics, pre- and post-operative Merchant grade, surgical 

outcomes, pre- and post-operative hearing thresholds, and the ability/necessity to use a CHA 

or the ability / necessity to use a Bone Conduction Device (BCD) were recorded. 

Results 

Dry ears were found in 95% of the total cohort. Residual disease was detected in 1.6% 

during MRI follow-up with no residual cholesteatoma in the obliterated area. In 3.2% of the 

patients, recurrent disease was found. A significant improvement in mean air conduction 

level, mean bone conduction level, and mean air-bone gap (ABG) was found post-operatively 

(p < 0.05). For all types of ossicular chain reconstruction, a significant improvement in mean 

Pure Tone Average was observed (p < 0.05). The percentage of patients with an indication 

for CHA was similar pre- and post-operatively (67% both pre- and post-operatively). The 

ability to use a CHA improved from 3% pre-operatively to 57% post-operatively (p < 0.001). 

Conclusion 

This study shows that revision surgery and obliteration of CWDMCs enable successful CHA 

rehabilitation post-operatively. Upon this type of surgery, hearing thresholds improve 

significantly, but the need for rehabilitation with a CHA remains necessary in most cases. 
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Introduction 

 

It is well known that chronically draining and troublesome canal wall down mastoidectomy 

cavities (CWDMCs) have a profound negative effect on those inflicted (1-3). Due to chronic 

drainage, conventional hearing aids (CHAs) are often not tolerated. Alternatives such as 

bone conduction devices (BCDs) and active middle ear implants (MEIs) have been 

propagated. However, functional hearing and speech discrimination of these devices are 

inferior to these criteria in CHAs (4). Revision surgery and obliteration of CWDMCs with 

reconstruction of the ear canal have shown to ultimately address troublesome cavities and 

result in high rates of dry ears (5-11). Most publications state that in case of hearing 

thresholds post-operatively, a conductive or mixed hearing loss remains present. The 

feasibility to rehabilitate hearing post-operatively is, therefore, important and essential when 

counselling and selecting patients for such surgery. Unfortunately, this topic seems to be 

almost completely neglected in the available literature regarding revision CWDMC surgery 

(12). Tolerance of CHAs can potentially be restored after surgery (12). We evaluated various 

outcomes related to hearing in subjects who underwent revision CWDMC surgery including 

obliteration of the mastoid cavity to determine two relevant topics: first, which hearing 

thresholds are achieved after surgery; second, to which extent is successful CHA 

rehabilitation and tolerance achieved post-operatively. 
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Material and methods 

 

Participants and disease control 

A retrospective chart analysis was performed of all patients with troublesome CWDMCs who 

underwent revision mastoid cavity surgery with partial obliteration of the mastoid and 

reconstruction of the ear canal at the AMC location of the Department of Otolaryngology of 

the Amsterdam University Medical Centers, between 2007 and 2017. Operations were 

performed by six different surgeons. A more detailed description of this technique has been 

published previously (11). In brief, it comprises the complete removal of all remaining air cell 

tracts lateral to the labyrinth followed by the obliteration of the mastoid bowl with 

hydroxyapatite granules. The posterior ear canal wall is reconstructed with cartilage and a 

midtemporal artery flap. We used the Merchant classification to classify the severity of pre- 

and post-operative discharge (13). We defined Merchant classification 0 and 1 as dry ears, 

and types 2 and 3 as wet ears. Magnetic Resonance Imaging with Diffusion-Weighted 

Imaging (MRI-DWI) was scheduled per protocol to detect residual and recurrent 

cholesteatoma in the obliterated mastoid cavity. Follow-up time was defined as the time 

between surgery and moment of last contact with our outpatient clinic. For retrospective 

cohort analysis of regular care, no Institutional Review Board approval was necessary. 

 

Hearing threshold 

Pre- and post-operative audiometric results were analysed for all patients. The thresholds of 

both bone and air conduction of both ipsi- and contralateral ear were reviewed. Pure Tone 

Averages (PTAs) at 0.5, 1, 2, and 4 kHz were used to determine the air conduction 

thresholds of the affected and non-affected ear. Bone conduction levels were determined 

using averages at 0.5, 1, and 2 kHz. In cases where one of the frequencies was not 

measured or no threshold was present, this was accounted for as missing data. In addition to 

audiometric results, data regarding type of ossicular chain reconstruction were acquired. We 

identified four categories: (1) no ossicular chain reconstruction, (2) Kurz Clip® partial 

ossicular replacement prosthesis (PORP), (3) Fisch II Spandrel® total ossicular replacement 

prosthesis (TORP), and (4) cartilage interposition on intact stapes. 

 

Hearing rehabilitation 

The indication for a CHA was somewhat arbitrarily defined as a PTA of equal or more than 

35 dB HL. This level was chosen as the Dutch reimbursement system for CHAs requires a 

PTA of at least 35 dB HL. Patients with hearing losses of more than 80 dB HL were assumed 
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to be better off with a cochlear implant and, therefore, excluded from our study. A subgroup 

comprised of patients who had both pre- and post-operatively a CHA indication and from 

whom it was registered if they used a CHA pre- and post-operatively (yes, no, and why not), 

was created. This subgroup enabled comparison of hearing rehabilitation and CHA tolerance 

pre- and post-operatively. Reasons for non-usage of CHAs as well as cases with bilateral 

hearing rehabilitation were identified. The use of BCDs was separately evaluated in the 

entire cohort. 

 

Statistical analysis 

Statistical analyses were performed in SPSS 25.0 (Chicago, IL, USA). Data are expressed 

as number (%) and mean (SD). The Student’s t test was used to determine differences 

between pre-operative and post-operative hearing thresholds (both overall results and 

ossicular chain result sub-analysis). p values < 0.05 were considered to be statistically 

significant. A violin plot was used to illustrate the change of hearing threshold within the 

population of all participants. A Chi-squared test was performed to determine whether a 

significant difference could be observed in the use of CHA pre- and post-operatively. 
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Results 

 

Study population and disease control 

A total of 249 patients were included. The male to female distribution was 148 (59%) to 101 

(41%), respectively, with a median age of 45 years (ranging from 6 to 86 years). Median time 

to follow-up was 52 months with a range between 1 and 139 months. One hundred and six 

patients (43%) had a follow-up time of more than 5 years. In 1.6% (n = 4) of all cases, 

residual cholesteatoma was found, located in the tympanic space and detected during MRI 

follow-up. Of these cases, the mean time to detection was 43 months post-operatively (range 

34–52 months). No residual disease was found in the obliterated area. Recurrence formation 

of cholesteatoma was found in eight patients (3.2%). Concerning the Merchant classification, 

changes are depicted in Table 1. As is shown, surgery resulted in nearly 90% of cases in a 

dry ear. In 33 cases, revision surgery was needed for a variety of reasons. Eighteen 

revisions were performed because of hearing improvement (secondary ossicular chain 

reconstruction). The remaining 15 cases had a persistent draining ear which needed minor 

surgery (tympanic membrane closure, canalplasty, and removal of granulations). After 

revision surgery, a dry ear rate of 95% was achieved for the total cohort. 

 

Table 1. Pre- and post-operative results of surgery 

 Pre-operative n (%) Post-operative n (%) After revision n (%) 

Merchant type    
0 16 (6.4) 164 (65.9) 182 (73.1) 

 1 11 (4.4) 59 (23.7) 55 (22.1) 

 2 49 (19.7) 22 (8.8) 11 (4.4) 

 3 173 (69.5) 4 (1.6) 0 (0) 

Condition    
Dry ear 27 (10.8) 223 (89.6) 237 (95.2) 

Wet ear 222 (89.2) 26 (10.4) 11 (4.4) 

Merchant classification and dry ear rate. In total, 33 revisions were performed 

 

Hearing threshold 

Of 242 of 249 patients (97%), hearing data were complete and could be used for analysis. 

Pre- and post-operative PTAs of both air and bone conduction are shown in Table 2. We 

found a significant improvement in air conduction of 6 dB and a significant improvement of 

1 dB in bone conduction levels. Twenty-eight cases (12%) had an improvement of more than 
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10 dB in bone conduction levels. Eight cases (3%) had a deterioration of bone conduction 

levels of more than 10 dB post-operatively (one case of a deaf ear and one case with severe 

high-frequency loss > 60 dB HL). The air-bone gap (ABG) was significantly reduced by 5 dB.  

 

Table 2. Mean hearing thresholds of the total cohort 

 
 Pre-operative Post-operative p value 

Air conduction PTA 57 dB HL 51 dB HL < 0.001 

Bone conduction PTA 22 dB HL 21 dB HL 0.04 

Air bone gap 35 dB 30 dB < 0.001 

Indication for CHA 166 patients (67%) 162 patients (65%) 0.78 

 

The percentage of CHA indications did not differ after surgery (67% both pre- and post-

operatively). Regarding the individual changes, a population shift in the violin plot 

(Fig. 1) towards better hearing (i.e., a downward shift) is observed.  

 

Figure 1. Violin plot of hearing thresholds. 
 

 
 
Hearing threshold in PTA (dB HL). Width of the violins depicts the amount of patients at that hearing threshold 
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A total of 29 patients (12%) with an indication for a CHA did not need a CHA post-operatively 

because of improved hearing level (< 35 dB HL). Sixteen patients (7%) who had no indication 

for a CHA pre-operatively because of hearing > 80 dB HL were able to get a CHA post-

operatively because of improved hearing (35–79 dB HL). A counselling model for expected 

post-operative CHA indication was proposed derived from the changes in PTA pre- versus 

post-operatively (Fig. 2). All categories with ossicular replacement (PORP, TORP, and 

cartilage) showed a significant improvement in the mean PTA (Table 3). In total, 105 patients 

did not receive any form of ossicular chain reconstruction. 

 

Figure 2. Pre-operative counselling diagram for expected post-operative hearing aid 

indication 

 

 
 
 

Table 3. Hearing thresholds of the different ossicular chain reconstructions performed 

 

Type of ossicular 
reconstruction 

Pre-operative PTA 
median (range); in dB HL 

Post-operative PTA 
median (range); in dB HL 

Difference 
(dB) 

p value 

None (n = 105) 54 (8–111) 55 (9–121) 1 0.45 

PORP (n = 70) 51 (14–103) 43 (15–130) 8 0.01 

TORP (n = 34) 66 (35–101) 46 (18–94) 20 < 0.001 

Cartilage (40) 64 (34–96) 61 (26–98) 3 0.02 

Air conduction levels are depicted 
 

 

 

 



128 

 

Hearing rehabilitation 

We included 106 patients for analysis of hearing rehabilitation as they had both an indication 

for CHA before and after surgery and a complete data set. Clear differences were seen when 

comparing pre-operative and post-operative CHA usage (Table 4). Nearly 60% of patients 

used a CHA post-operatively without any problems in comparison to 3% pre-operatively. A 

reduction was present of patients having problems of occluding their ear with a CHA. Around 

40% of patients still did not use CHA despite a possible benefit post-operatively. A wide 

variety of reasons for this non-usage was given, as shown in figure 3. Of the group not 

interested in the use of CHA post-operatively, 91% (n = 20) of cases demonstrated a 

contralateral normal hearing ear (e.a. PTA < 35 dB HL). Only 7 (18%) cases did not wear a 

CHA due to occlusion problems post-operatively. 

 

Table 4. Usage of CHA in patients with both pre- and post-operatively an indication for CHA 

 

Usage of CHA Pre-operative n (%) Post-operative n (%) p value 

No 73 (69) 39 (38) < 0.001 

Yes, with occlusion problems 30 (28) 4 (4) < 0.001 

Yes, without any problems 3 (3) 63 (59) < 0.001 

 
 

 
Figure 3. Reasons for non-usage of a CHA post-operatively 
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We plotted the final hearing rehabilitation solutions against bilateral hearing thresholds to 

evaluate a possible predictive value of the PTA of the contralateral ear. It appeared that the 

contralateral hearing threshold does influence the choice for wearing a hearing aid on the 

operated ear, the contralateral ear, or bilaterally. However, cluster analysis did not support 

our hypothesised predictive models. 

Of the 249 patients in this cohort, 22 patients wore BCD pre-operatively due to the 

troublesome cavity. Post-operatively, 9 (41%) patients still preferred a BCD over a CHA, 

whereas 13 patients (59%) preferred using a CHA. 
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Discussion 

 

Instable CWDMCs have been reported in 10 up to 40% of all cases (1, 5). We report our 

outcomes of revision surgery including obliteration of the mastoid bowl of troublesome 

CWDMCs. High rates of dry, stable, and disease-free ears were achieved with comparable 

results to those reported in the literature (14-16). No residual disease was found in the 

obliterated area during MRI follow-up. We strongly advocate long-time follow-up with MRI to 

detect residual disease after obliteration. Our results strengthen the hypothesis that revision 

surgery and obliteration of troublesome CWDMCs is the preferred treatment modality for 

troublesome CWDMCs (17). Despite the fact that we only reported on revision surgery, the 

surgical technique can also be used in rare primary cases in which the posterior ear canal 

needs to be removed during surgery. Yung et al. published earlier about this kind of surgery 

in both primary and revision cases (8). Like every operation, revision surgery with obliteration 

has its learning curve. We presented all patients who were operated using this technique in 

our centre, so a learning curve is included in our data. Reduction in operating time and 

complication rate was seen after 20 patients (unpublished data). Vartiainen et al. showed 

that more experience is important in reduction of revision surgery rate and healing time in 

otological surgery (18). Stankovic et al. confirmed these findings when they compared the 

early and late surgical experience of the same surgeon (19). 

It remains debatable whether hearing thresholds of canal wall down mastoidectomy are 

worse when compared to canal wall up cases (20). Ossiculoplasties and revision surgery in 

canal wall down status have shown to have unfavourable results when compared with canal 

wall up status (21, 22). Although hearing thresholds improved significantly in our investigated 

cohort, they are small and are, therefore, considered clinically irrelevant. This is in 

concordance with the previous literature demonstrating that hearing loss (mostly of a mixed 

type) remains present after such surgery (12, 16). We observed a significant improvement of 

the various types of ossicular chain replacements used. This finding shows that performing 

ossiculoplasty is advised even in these small middle ear spaces. Perhaps, the aeration of the 

middle ear space is restored/improved after chronic inflammation ceases and, therefore, 

results in a better hearing threshold. The usually reported superiority of PORP over TORP 

could not be supported (23). A possible explanation could be that the middle ear space is still 

limited after surgery and the eardrum often retracts in these troublesome cases making any 

type of reconstruction more difficult. Perhaps, stapes fixation is more present in troublesome 

cavities due to prolonged inflammation. As these data were not present in our retrospective 

study cohort, we were not able to evaluate the hearing results in those patients without a bad 
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middle ear status and/or fixed stapes. These details could add valuable information to pre-

operative counselling in managing expectations on post-operative hearing. 

Although hearing thresholds improved for the group as a whole, we also demonstrate that 

the group eligible for hearing rehabilitation remains nearly unchanged. In addition, one 

should note that some individuals demonstrate a deterioration in hearing thresholds and, 

therefore, the need for hearing rehabilitation remains pivotal. 

Troublesome cavities are likely to result in a difficulty to wear CHAs. Other factors such as: a 

large post-operative meatus, altered resonance frequency of the ear canal, and inadequate 

aeration due to occlusion all complicate CHA usage in CWDMCs (12, 24). One would expect 

that this topic would have been investigated thoroughly. Yet, it seems that, to date, only one 

report describing 20 cases descriptively is available (12). From this manuscript, it was 

concluded that revision surgery including obliteration of the mastoid bowl of troublesome 

CWDMCs makes CHA usage feasible and generally well tolerated. The potential benefit of 

enabling CHA rehabilitation after this type of surgery was mentioned by others but not 

investigated (14, 16). Our large cohort demonstrates a significant increase of CHA usage 

and tolerance after surgery. We also believe that contralateral hearing threshold should be 

considered when evaluating CHA usage. Therefore, it should be considered in pre-operative 

counselling. 

We found a slight shift in BCD rehabilitation toward CHA. Our data suggest that one should 

consider to primarily perform revision surgery in troublesome cavities to enable CHA usage 

before advising BCD. We potentially introduce an inclusion bias as we performed our 

analysis regarding CHA usage and tolerance in a selected subgroup of the total cohort as 

this subgroup of patients had a complete data set. We still feel that this subgroup is 

representable of the whole group. In our center, a CHA is the favoured device for hearing 

rehabilitation due to lower costs and no need for further intervention. However, some have 

advocated a BCD in large ABGs to perform better in case of speech recognition (25, 26). 

Combination of Subtotal Petrosectomy (STP) with a BCD could, therefore, be another option 

in chronically draining CWDMCs (27). Unfortunately, we often see that the operated ear has 

worse bone conduction level compared to the contralateral ear. Sound from a BCD would be 

heard in the contralateral ear which results in only contralateral hearing. Providing in the 

possibility to wear a CHA can result in bilateral hearing in these cases. 

For counselling of an individual patient, we now can present the chance of hearing threshold 

change in regard to CHA indication (within the Dutch reimbursement system) (Fig. 2). One 

should be aware of managing expectations of post-operative hearing as only 12% of the 

patients were operated out of the CHA indication group. We also tried to make a pre-

operative model using contralateral hearing threshold to predict the final hearing 
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rehabilitation outcome of the operated ear, but cluster analysis of our data unfortunately did 

not support a viable model. It seems that the choice to use a CHA is dependent on more 

factors than hearing threshold alone. 
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Conclusion 

 

Our study supports and strengthens the hypothesis that revision surgery and obliteration of 

CWDMCs enables successful CHA rehabilitation post-operatively. Hearing threshold 

improves significantly after such surgery, but the need for hearing rehabilitation remains 

necessary in most cases. Performing ossiculoplasty in troublesome CWDMCs seems to be 

beneficial. We supply a counselling diagram of the expected need for CHA rehabilitation 

postoperatively. 
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GENERAL DISCUSSION AND CONCLUSIONS
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Introduction 

 

This thesis addresses two general themes regarding obliteration techniques in ear surgery: 

1. The value of obliteration in ear surgery 

In order to evaluate the possible merits of obliteration, the results of three main 

obliteration techniques were critically evaluated.    

2. Considerations when performing obliterative ear surgery 

Potential drawbacks of obliteration such as residual disease in the obliterated ear, and 

whether it is safe to obliterate in complex cases were evaluated. Also, a broader view of 

how obliteration effects the patient was considered, as well as its role in patient reported 

outcomes and hearing rehabilitation. 
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The value of obliteration in ear surgery 

 

We discriminated three main types of obliteration techniques in ear surgery: 1: Obliteration of 

the mastoid cavity behind an intact canal wall, 2: Obliteration of a mastoid cavity with 

reconstruction of the canal wall in revision radical cavity surgery and 3: Complete obliteration 

of the entire ear (i.e. mastoid, middle ear and ear canal). Our subdivision of obliteration 

techniques was only partially reflected in a later consensus paper regarding the 

categorisation of tympanomastoid surgery (1). This SAMEO-ATO framework included 

subtotal petrosectomy but the obliteration of the created cavity was seen as part of the 

surgical procedure and therefore not regarded as an obliteration. The consensus regarding 

obliteration was divided in three subsections: Ox: No obliteration, O1: partial obliteration and 

O2: total obliteration. The difference between partial and complete was defined as whether 

the attic was spared or whether not all mastoid cell tracts were obliterated. Furthermore, this 

categorisation does not allow the combination of external ear canal reconstruction and 

simultaneous obliteration. Although these arguments were addressed, the final consensus 

disregarded these problems, accepting that it would not encompass all surgical procedures.  

A benefit of obliteration of the mastoid cavity is that it can be performed for a wide variety of 

indications. Chronic otitis media, with or without cholesteatoma is the foremost reason for 

such surgery. Other indications could be: malignant or benign tumours of the petrous bone, 

diffuse osteoradionecrosis, recurrent otitis externa in a functionally deaf ear, cerebrospinal 

fluid (CSF) leakage, meningo- and encephaloceles and in cases of chronically discharging 

ears after canal wall down mastoidectomy (CWDM). This shows how versatile these 

obliterative techniques are in ear surgery. This is especially the case when considering that 

all three techniques we investigated showed very favourable results compared to non-

obliterative techniques regarding the surgical endpoints (Chapters 2.1, 2.2, 2.3 and 3.3). We 

found low recurrence and residual rates of cholesteatoma and very high percentages of dry 

ears demonstrating the clear value of these techniques. This was in concordance with other 

publications demonstrating favourable results in disease control and low rates of adverse 

events and recurrent disease in their obliteration surgery techniques (2-4). 

The treatment of Chronic Otitis Media (COM) with cholesteatoma is known to have a great 

variation in treatment regimes. Although there is consensus that surgical treatment is 

necessary, the preferred surgical approach and technique remains a subject of debate (5, 6). 

A clear example of this debate is the discussion between those who favour mainly Canal 



141 

 

Wall Down Mastoidectomy (CWDM) versus those who favour Canal Wall Up Mastoidectomy 

(CWUM) (7, 8). Both positions have valid arguments to advocate their technique. Proponents 

of CWDM stress the advantages of more exposure of the middle ear and the low rates of 

residual and recurrent disease compared to CWUM (5, 8-10). Proponents of the CWUM 

argue the advantages of preservation of the self-cleansing mechanisms of the ear canal 

reducing the dependence of clinical cleaning and the increased possibility of successful 

ossicular chain reconstruction (5, 11). They further point out that CWDM often results in 

troublesome cavities with substantial drawbacks (11). Hearing rehabilitation is also often 

hampered by the inability of CWDM cavities to be occluded with conventional hearing aids 

(12). As neither technique is clearly superior the other, the debate continues and personal 

preference of the surgeon prevails. The most ideal type of ear surgery would combine the 

strengths of both techniques while reducing the disadvantages. Obliteration of the mastoid 

cavity could help in achieving this goal. It potentially combines the best of both techniques, 

as eliminating the cavity prevents disease recurrence and increases the chance of normal 

functioning of the ear canal. 

Treatment of troublesome cavities is predominantly addressed by cleaning and topical 

application of antibiotics, steroids, antifungal or antiseptic solutions. If such treatments fail, 

revision surgery is indicated (13-15). Revision radical cavity surgery can achieve favourable 

results (> 80% disease resolution) (11).  We demonstrated that obliteration of the mastoid 

bowl and simultaneous reconstruction of the ear canal results in even higher success rates 

(Chapters 2.1 and 3.3). If no functional hearing is left we also showed that complete 

obliteration will enable even higher percentages of trouble-free ears (Chapter 2.3).  

Several hypotheses have been postulated to explain why obliteration of the mastoid cavity 

leads to lower disease recurrence rates. In cholesteatoma cases obliterating the mastoid 

cavity could simply act as a physical barrier preventing new invasion of epithelial cells into 

the mastoid (2). Another possible explanation is that the removal of mucosal migration 

patterns of the middle ear reduces recurrences. The relatively new mucosal traction theory of 

cholesteatoma formation states that cholesteatoma is the result of adherence of ear canal 

skin to the mucosa of the middle ear, following its migration pattern into the ear (16). As 

obliteration terminates this regular migratory pathway into the mastoid cavity, it will reduce 

recurrence rates as such. Furthermore, the removal of diseased mucosa and its effects on 

the gas exchange of mastoid and middle ear could also be of influence in lowering 

recurrence rates. A mathematical model showed that such reduction could be beneficial for 

the ear to maintain middle ear pressure function (17). If one would regard the obstruction / 

vacuum retraction theory of cholesteatoma formation, this would lead to a more favourable 
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situation resulting in less recurrences as well. In COM without cholesteatoma cases, the 

reduction of total mucosal surface area could lead to an improvement of ear functioning and 

aeration. Also, the need for good communication between mastoid and middle ear space is 

mitigated when the mastoid is obliterated. The exact etiology of COM remains elusive, but 

several theories do suggest that middle ear and mastoid mucosa is diseased in itself (18). 

Therefore it would seem logical that removal (either by drilling a mastoid cavity or by 

obliterating it) and subsequent reduction in total surface area of this mucosa would lead to 

less inflammation and possible resolution of the disease. Chronically draining radical cavities 

have multifactorial causes (inadequate canalplasty, remaining air cell tracts and mucosa, 

deep mastoid tip, high facial ridge, open tubal orifice, inadequate meatoplasty) (19, 20). 

Clearly, obliteration of the mastoid cavity and reconstruction of the external ear canal 

addresses the majority of these etiologies. A stable reconstruction will therefore inevitably 

lower recurrence rates by simply resolving the radical cavity as a whole. 

Residual disease rates in obliteration are also lower than those of ear surgery without 

obliteration (Chapters 2.1, 2.2, 2.3 and 3.3) (2, 8). This is surprising, as the residual rate is 

mainly the result of incomplete surgical removal of the disease (21). A possible explanation 

of this unsuspected benefit was put forward by Van Dinther et al (22). They suggested that 

these lower residual rates can be explained by the postulation that surgeons who 

successfully obliterate remove more soft tissue from the mastoid cavity. This hypothesis is 

currently not supported by any evidence and it would seem illogical to presume that a 

surgeon who does not obliterate would be less thorough in removing disease. As obliteration 

of the epitympanic area is regarded as paramount to successful obliteration in cholesteatoma 

surgery (Chapter 2.2), it is safe to assume that this area does receive more attention when 

compared to non-obliteration techniques. The ossicular chain needs to be removed, resulting 

in better exposure of this area. As residual cholesteatoma disease is found to be over-

presented in the anterior epitympanum this could be a potential explanation for lower residual 

disease rates after obliteration (23). Also, residual disease on ossicular chain remnants could 

be decreased due to the need for removal of the incus and the head of the malleus. Another 

hypothesis for lower cholesteatoma residual rates was investigated by Hinohira et al (24). In 

an animal model, an autologous skin graft was transplanted into mastoid cavities and a 

comparison was made between subsequent simultaneous obliteration and non-obliteration of 

the cavity. In non-obliterated cavities, dermoid cyst formation was seen in nearly all 

specimens. In the obliterated cavities, only one specimen had a dermoid cyst formation. It 

was stated that conditions for skin survival and proliferation were adversely affected by 

obliteration. No definite explanation as to why this was the case was supplied. Although one 
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cannot truly state that inclusion cholesteatoma in cases of obliteration of draining cavities is 

residual disease, it could be regarded as such. The epithelial lining of the obliterated cavity 

was not adequately and completely surgically removed and remained to form an inclusion 

cholesteatoma. We demonstrated that such residuals are very rare as well (Chapters 2.2 and 

3.1).  

As disease resolvement and symptom-free ears are the main goals of ear surgery, this thesis 

supplies more evidence for the added value of obliteration in ear surgery. Regarding these 

favourable results, we believe that obliteration should be considered as standard care when 

performing ear surgery. 
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Considerations when performing obliterative ear surgery 

 

Obliteration of the mastoid cavity in ear surgery is not a new concept, as it was first 

described over one hundred years ago (25, 26). Initially it was propagated as either a 

reduction of the mastoid cavity, thereby creating a smaller mastoid bowl in a radical cavity, or 

as an optimal lining for epithelium to regenerate postoperatively (26, 27). Obliteration of the 

mastoid in CWUM surgery and in revision radical cavity surgery with reconstruction of the 

canal wall have been advocated as well (2, 3, 28).   

Especially considering the clear value of obliteration, it seems remarkable that it only recently 

gained popularity among ear surgeons. This fact is likely due to considerations and 

arguments put forward throughout time by the opponents of obliteration. The foremost 

argument against obliteration has been that possible residual disease remains undetectable 

(6, 13). This applies not only in ‘regular’ cases but especially in cases in which complete 

removal is more difficult to achieve (i.e. cases with a bony dehiscence to inner ear structures, 

skull base or facial nerve). Another argument has long been that the materials used are not 

optimally suited for long-lasting results and could give rise to complications. Black provided 

an overview of materials used and found failure rates up to 94% due to infection, extrusion or 

resorption (11). Furthermore, it has been argued that hearing results suffer from obliteration, 

as there is the need for ossicular chain removal and the mastoid can no longer function as 

resonance chamber (29). Also, it has been argued that obliterating the mastoid cavity results 

in poorer aeration of the middle ear. Causes for this poorer aeration have been cited as: a 

reduction of aerated ear volume and a reduction in mucosa necessary for gas exchange (30, 

31). Aside from these arguments, in reviewing relevant literature, we found no mention of a 

consideration we find to be relevant, namely what the impact of this surgery is on patients 

and their quality of life.  

In the following paragraphs we will reflect on all the aforementioned aspects. 

 

Residual disease 

Detecting residual disease in CWU ear surgery is very difficult with mere otoscopy. A second 

look operation was routinely performed to address this entity (32, 33). A second look 

operation can only be performed if the mastoid is not obliterated. This fact made some 

advocate that only secondary obliteration of the mastoid cavity was safe, as a staged 
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surgical approach (34). With the development of MRI and the use of diffusion weighted 

imaging, a new form of detecting residual cholesteatoma disease was introduced. Over the 

last 2 decades MRI-DWI has improved so that residual cholesteatoma of ≥ 2mm can be 

revealed in obliterated areas (35, 36). This new modality has effectively mitigated the 

argument of hidden residual disease. In addition, it has been shown that residual disease in 

the obliterated area is very rare (Chapters 2.1 and 2.2). The question remains whether it is 

wise to perform primary obliteration in selected cases in which a higher residual disease rate 

is expected. If a bony dehiscence of the inner ear structures with or without damage to inner 

ear function is present, several approaches have been advocated in literature. Some authors 

advocate a primary CWDM operation, leaving cholesteatoma matrix behind on the fistula 

(37). Others schedule a second operation after primary CWU surgery. They state that total 

removal of the matrix in a second stage is easier (38). Both positions have no evidence of 

superiority and lack long term results regarding preservation of inner ear functioning. The 

conundrum remains whether complete removal should outweigh the risk of iatrogenic harm 

to inner ear functioning. Chapter 3.1 describes single-stage total removal of the matrix, often 

in combination of obliteration of the mastoid. No residual disease was found during follow-up. 

Unfortunately, in two ears, opening of the membranous labyrinth when matrix was removed 

resulted in deafness. However, leaving the matrix on the fistula could also have resulted in 

deteriorated hearing. The results of our single-stage approach with simultaneous obliteration 

was in concordance with other reported results in literature (39, 40). Despite the risk of 

deteriorated hearing, we believe that total removal of disease followed by obliteration of the 

mastoid is the preferred option in these cases as it eliminates the need for further surgery. 

Another potential benefit of obliteration in these cases could be prevention of pressure 

changes as well as calorisation in non-obliterative approaches. Jang et al. theorised such 

would be the case as he did not find dizziness after obliteration in patients with a labyrinthine 

fistula (41). This hypothesis could not be confirmed as we found no differences in 

postoperative dizziness between the group with obliteration and the group without 

obliteration (Chapter 3.1). Other cases with a bony ear dehiscence and related complications 

(such as CSF leakage or a meningoencephalocele) may not always have the problem of 

residual disease if no cholesteatoma is present.  Mastoid obliteration can be a solution in 

such cases as it serves to eliminate the possibility of CSF leakage and cele formation into 

the mastoid. The alternative would be a middle fossa approach. A middle fossa approach 

has the risk of more serious adverse events (42-44). These adverse events include serious 

wound infections with the need for revision surgery, meningitis, facial palsy, greater 

superficial petrosal nerve dysfunction and intracranial hematoma (43, 45).  
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The argument of undetectable residual disease remains actual in only in a very small 

percentage of cases. This occurs only in cases that are unable to undergo MRI scanning due 

to claustrophobia and/or due to implants with magnets (vibrant soundbridge, cochlear 

implant) (46). Our results suggest that this is such a rare occurrence that primary obliteration 

is a justified approach.  

 

Materials used in obliteration 

Many different materials are available for obliterating the mastoid cavity. These materials can 

be divided into autologous and synthetic materials.  

Autologous materials used are bone dust, abdominal fat, muscle and periosteal flaps (11). A 

preference for autologous materials is supported by several arguments. Most important of 

these materials is that they are inexpensive and have no risk of foreign body reactions (13, 

47). Still, they also have a number of drawbacks. First, harvesting autologous material results 

in  tissue damage and in some cases the amount of material is (too) limited (4). Another 

drawback is that tissue volume loss due to atrophy and resorption does not provide a stable 

reconstruction over time (11, 48). Also, this volume loss results in displacement of the outer 

ear structures, resulting in a deep retroauricular sulcus and narrowing of the meatal introitus. 

The stability and risk of resorption when using bone dust is a topic of debate. Some authors 

did not find resorption of bone dust and report only loss of volume because of the reduction 

of soft tissue (14, 49, 50). Others advocate that the small bone dust particles are easily 

absorbed and showed loss of material (48, 51). Abdominal fat has been used in partial 

obliteration and when performing subtotal petrosectomy (11, 52). In staged operations (i.e. a 

subtotal petrosectomy followed by cochlear implantation) the fat can easily be removed 

during the second operation (53). A disadvantage of using abdominal fat is the additional 

abdominal wound. Another disadvantage can be the resorption of abdominal fat. At our 

outpatient clinic we have seen several patients with volume reduction on postoperative MRI 

and deepening of the retroauricular sulcus. This was in concordance with Black’s overview of 

obliterative materials (54). Soft tissue non-pedicled flaps (such as muscle and periosteal 

flaps) have been proven to lose volume over time as well, possibly resulting in problems 

such as troublesome cavities and cholesteatoma recurrences (54). Vascularised tissue was 

seen as superior because it was deemed less prone to infection / resorption and ensures a 

conducive surface for epithelial migration (55).  

An alternative to autologous material is synthetic material. This can be roughly divided into 

ionomeric glass and bonelike material (36). Synthetic materials are readily available and do 

not have to be harvested. They are non-vascularised, which leads to the debate whether 

they are more susceptible to infection or not. In general, most surgeons add antibiotics to 
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their obliteration material when it is non-vascularised. To our knowledge no research has 

been performed to substantiate whether this is necessary in ear surgery. Research suggests 

that ionomeric glass has antibacterial properties (56). To which extent the antibacterial 

properties are verifiable remains debatable. For example, in spite of these alleged 

antibacterial properties, several studies report postoperative wound infections and the use of 

postoperative oral antibiotics when this material is used (57-59). Such research has also not 

been performed when using bonelike materials. Hydroxyapatite (HA) has been widely used 

in bone regeneration. It is a naturally occurring form of calcium phosphate that constitutes 

the largest amount of inorganic components in human bones (60, 61). HA has been proven 

to be safe in orofacial maxillary and orthopedic practice (62, 63). The results we presented 

with hydroxyapatite granules do not provide any evidence of a (lack of) susceptibility to 

infection, as all patients received antibiotics (either systemic peri-operative or the materials 

were soaked in antibiotics before using) (Chapters 2.1, 2.2, 2.3 and 3.3). 

When using synthetic materials, one should also take into account how bioactive and/or 

stable they are. Using bioactive materials inevitably means that some (minimal) remodelling 

and tissue reaction will be present postoperatively (4). Ionomeric glass is far more bioactive 

than bonelike materials. Some surgeons even advocate placing a drain in the obliterated 

area as a necessity to effectively deal with wound fluids due to the tissue reaction when 

using ionomeric glass (59). One study raised some concerns about using glass in cases with 

a bony dehiscence, due to the bioactive properties of ionemeric glass. It was stated that the 

stability of the obliteration would be reduced (52). This concern was refuted by others (53). In 

the UK, CerenoSem ionomeric glass granules showed a dramatic volume reduction (64, 65). 

Because this resulted in the need for revision surgery in many patients, this material is no 

longer used.  

HA is one of the most well-known phosphates in the phosphate ceramic family because of its 

similarity to the natural bone mineral (61). HA is known to be osteoconductive but not 

osteoinductive, making it less bioactive (66). It is biocompatible, shows minimal fibrotic 

reaction and very little resorption (61). The pores in the granules provide space for 

fibrovascular tissue and bone to grow into (67, 68). HA can be used as granules and as 

cement. The cement form was used in ear surgery with unsatisfactory results, perhaps due 

to the fact that the body cannot integrate this form easily (69). Our results were achieved with 

the obliteration using the granular form (Chapters 2.1, 2.2, 2.3 and 3.3). Especially when 

creating a new posterior ear canal, we believe that the material used should not be bioactive 

or resorb over time, as this could threaten the reconstruction. Although volume loss, stability 

of reconstruction and displacement of outer ear structures were all not investigated, this 
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thesis does supply results of patients with a long FU in which such problems did not seem to 

occur (Chapters 2.1, 2.2 and 3.3).     

Currently we would recommend the use of HA granules due to the aforementioned 

characteristics. Since the success rates of several obliteration materials appear to be 

favourable and similar to each other, further research is necessary to determine which 

material performs best (Chapters 2.1, 2.2 and 2.3) (15, 70-73).  

 

Postoperative hearing and hearing rehabilitation 

Hearing is often affected by ear disease and / or ear surgery. When hearing deteriorates, we 

often see conductive hearing loss, or perceptive hearing loss, although the latter is rare. The 

primary goal of ear surgery is defined as creating a safe, dry and disease free ear (5). 

Improvement of hearing (or avoidance of further hearing deterioration) is an important 

secondary goal. The possibilities for surgical improvement of hearing depend on the status of 

the ossicular chain and tympanic membrane, the volume of the middle ear and the presence 

of a posterior wall of the ear canal (74, 75). Some of these factors cannot be influenced by 

surgery. Because hearing is a very important outcome from a patient’s perspective, we 

address the potential benefits and drawbacks of obliteration in regard to hearing. 

Obliteration often results in removal of the incus and malleus, resulting in an ossicular chain 

disruption. This removal is necessary to address the epitympanic area. This could potentially 

lead to worse hearing results compared to non-obliterative ear surgery, due to an increased 

conductive hearing loss. We investigated this potential problem in our cohort of patients 

undergoing an obliteration of a mastoid cavity with reconstruction of the canal wall in revision 

radical cavity surgery (Chapter 2.2). In this cohort we actually found a mean improvement of 

hearing. We suggest that the best way to investigate the concern of  hearing loss would be a 

prospective randomised comparative study of cases with and without obliteration.  

Obliteration does enable the preservation or the reconstruction of the canal wall. As the 

presence of the canal wall could be beneficial, as studies have demonstrated that hearing 

results are better when the posterior ear canal is present (76). It has been demonstrated that 

the resonance function of the ear canal plays a role in hearing (77). In cases of canal wall 

removal, hearing was perceived to be deteriorated. The depth of the middle ear cleft is 

another factor in hearing results (75). The depth is possibly negatively influenced when the 

ear canal is not preserved. To which extent this is actually the case remains a debate. 

Despite the fact that reconstruction of the ear canal often provides in a larger middle ear, the 

results of ossicular reconstruction are variable (12, 78). Trinidade et al. demonstrated better 
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mean hearing results in their cohort of single stage CWDM with mastoid obliteration (79). 

However, more than half of their cases did not show any improvement in hearing. Chapters 

2.2 and 3.3 show mild improved hearing after ossicular reconstruction. We cannot draw 

strong conclusions as to whether obliteration would be more beneficial for hearing results as 

we lack comparative studies. 

Postoperatively, many patients still need a form of hearing rehabilitation (Chapter 3.3) (12). 

Obliteration of the mastoid cavity after CWUM may not influence hearing rehabilitation 

options, as the ear canal is unaffected. Obliteration does potentially influence the 

displacement of the soft tissues of the outer ear. It could result in more problems when using 

a conventional hearing aid (CHA) due to meatal collapse and resulting occlusion problems. 

Also, discomfort is possible when wearing CHA’s because of limited retroauricular space, 

due to displacement of the ear toward the skull. In cases of obliteration of a mastoid cavity 

with reconstruction of the canal wall in revision radical cavity surgery, we do alter the ear 

canal significantly. We demonstrated that this enabled better hearing rehabilitation with 

CHA’s postoperatively (Chapter 3.3). Removal of the ear disease, with or without obliteration, 

often leads to a dry ear. This is a bias to be considered as having a dry ear improves the 

possibility of hearing rehabilitation regardless of obliteration.  

Despite the fact that the use of CHA’s is advocated in Chapter 3.3, there are also other 

options for hearing rehabilitation. Some have advocated the use of a bone anchored device 

(BCD) in case of large air-bone gaps (80, 81). Unfortunately, often a worse bone conduction 

level is present in the operated ear when compared to the contralateral ear. In these cases, 

rehabilitation with a BCD is not a viable option as sound from a BCD would be heard in the 

contralateral ear, resulting in only unilateral hearing. Cochlear implantation and active middle 

ear implants are other options for hearing rehabilitation. All the aforementioned options are 

hardly affected by obliteration as such. One could state that when a mastoid cavity is 

obliterated, some rehabilitation options will be more difficult to implement as the 

transmastoidal approach is no longer readily available. Placement of active middle ear 

implants and cochlear implants routinely use this approach. Chapter 2.3 shows that in cases 

with deteriorated perceptive hearing, simultaneous implantation of a cochlear implant during 

STP can be a feasible option and is in accordance with literature (52).  

 

Loss of mastoid function. 

A possible problem of the obliteration of the mastoid cavity is the loss of mastoid functioning. 

A presumed function of the mastoid is that it plays an important role in pressure regulation of 
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the middle ear. It is hypothesized to function as a pressure buffer volume (30). A middle ear 

with a small mastoid may be most vulnerable to pressure changes and subsequently to the 

formation of tympanic membrane retractions (30). Support for this thought is the possible 

relationship found between poorly pneumatized mastoids and tympanic membrane 

retractions (82). The hypothesis of the mastoid as a pressure buffer volume has been refuted 

by others, as insufficient evidence was found to support this theory (83). The mastoid 

mucosa may also play a role in pressure regulation through transmucosal gas exchange 

(31). Again, the clinical relevance of this regulation remains a point of debate and some state 

that it is very unclear if it is relevant at all (29). Our results do not support these theories 

either, as we did not find more recurrences after obliteration when compared to non-

obliteration results in literature (Chapters 2.1, 2.2 and 2.3).  

Another presumed function of the mastoid was postulated by Alicandri-Ciufelli et al. The 

mastoid is proposed to help maintain a constant negative pressure in the middle ear, thereby 

creating favourable compliance and impedance conditions so as to hear and transmit high 

frequency sounds and ultrasounds (29). Obliteration is assumed lead to the loss of this 

function. However, humans lack a sensorineural organ to detect these ultrasounds and 

therefore the benefit seems limited and clinically irrelevant. 

It has been postulated that one of the benefits of endoscopic ear surgery is that one does not 

have to drill the mastoid cavity and therefore preserves its function. This is presumed to lead 

to better surgical outcomes (84-86). As the follow up of these studies are limited to 1 or 2 

years, at this moment no strong conclusions can be made regarding primary surgical 

outcomes. A recent study evaluating results of endoscopic ear surgery with a mean follow-up 

of 29.7 months showed a recurrence rate of 9% (87). Our results of obliteration with longer 

follow up have lower recurrence rates (Chapter 3.3). Again, this does not support the theory 

that mastoid functioning has significant clinical relevance.   

 

Obliteration and quality of life 

Success of COM treatment is often defined by a combination of specific outcomes. Mostly, 

disease recidivism rates and hearing results have been used to describe success or failure 

(88). Despite the fact that these outcomes do reflect aspects of quality of life (QoL) 

postoperatively, it has been acknowledged that these outcomes do not always reflect 

success when reported by the patient. An increasing emphasis on patient reported outcomes 

is seen in most fields of surgical outcome research. Adding these Patient Reported Outcome 
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Measures (PROM’s) to existing outcomes will enable a better understanding of the effects of 

disease and treatment on a patient’s well-being and functioning (89). In shared decision-

making strategies these outcomes could be particularly useful as well. Validated 

questionnaires are needed for this purpose.  

The Dutch population lacked a disease specific questionnaire. We translated and validated a 

Dutch version of the Chronic Ear Survey (CES) (Chapter 3.2). The English CES was already 

translated and validated for the Chinese language and appeared to be favourable for the 

comparison of subjective surgical outcomes (90). It has been translated into four different 

languages making international comparisons possible. Perhaps due to growing interest in 

PROM’s, other questionnaires for otology besides the D-CES were simultaneously 

developed for use in the Dutch population. The Dutch version of the COMQ-12 was 

published around the same time as the Dutch version of the CES (62). The COMQ-12 is a 

questionnaire quite similar to the CES but is more suitable for the Flemish population as 

there are certain differences in language between Flemish and Dutch, and the questions 

have been validated using a Flemish population. The COMQ-12 has gained more 

international interest in recent years (91).  

Another new Dutch questionnaire has been recently published. The Otology Questionnaire 

Amsterdam has been demonstrated to be a useful tool for patients in the outpatient clinic 

(92). As this is a generic questionnaire and the CES is disease specific, it serves a different 

goal in reporting subjective outcomes. We believe that all mentioned questionnaires can add 

significant value to the perioperative care of ear surgery. 

To evaluate the impact on patient reported outcomes we administered the CES to patients 

with complaints of chronic otorrhea treated with several types of ear surgery and 

demonstrated significant improvement of patient’s perceived outcomes. To which extent the 

obliteration actually contributed to this improvement cannot be distinguished in our results. 

Again, possible future comparative evaluation between obliteration and non-obliteration 

surgery could easily incorporate the now available PROM’s. In the most drastic and radical 

type of obliterative ear surgery (a subtotal petrosectomy), a significant negative impact on 

patients’ general quality of life was found (Chapter 2.3). The complaints of draining ear and 

hearing loss are most likely the symptoms that influence QoL the most. Dornhoffer et al. 

used the Glasgow Benefit Index (GBI), supplemented with three (non-validated) disease 

specific questions on patients after revision radical cavity surgery with mastoid obliteration 

(93). They found improvement in general QoL in 83% of the patients and equal percentages 

in the disease specific questions. This improvement in QoL had a fairly good correlation with 
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improvement in hearing and / or the resolvement of drainage (61). Both of these complaints 

can be addressed with or without obliterative ear surgery. An exception can be made when 

regarding the results of canal wall down surgery with obliteration and reconstruction of the 

ear canal and / or canal wall up with obliteration. We expect that in this comparison, canal 

wall down would result in lower reported QoL. A comparative study could be performed to 

investigate if this is truly the case. 

As we stated before, obliteration can be helpful in both avoiding displacement of the outer 

ear and a deep retroauricular sulcus. Current literature seems to be lacking regarding ear 

positioning or cosmetic appreciation of the pinna by patients. In case of prominent ears it was 

shown that these abnormalities have severe psychological and social issues (94). It stands to 

reason that cosmetic aspects also play a role in ear surgery. Furthermore, patients 

sometimes complain about the deep sulcus behind the ear. Tenderness of the skin over a 

bony ridge, problems when wearing CHA and difficulty cleaning behind the ear are often 

reported. These aspects and their effect on PROM’s could all be evaluated in follow up 

studies. 
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The contribution of this work 

 

This thesis supplies more evidence of the value of obliteration of the mastoid cavity in ear 

surgery. It also addresses several arguments and considerations that are commonly used in 

the debate as to whether obliteration of the mastoid cavity is a viable option for ear surgery. It 

contributes to the overall discussion about which surgical approach is preferable in ear 

surgery. The presented data of the three main obliteration techniques support the statement 

that obliteration is superior to other non-obliteration approaches, especially for 

cholesteatoma treatment. We also identify areas where additional research is needed. In 

conclusion this thesis increases our understanding and knowledge of the potential benefits 

and drawbacks of obliteration of the mastoid cavity. In our opinion, obliteration of the mastoid 

cavity is the foremost improvement of surgical care of ear diseases in the 21st century.  
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Summary 

 

This thesis addresses two general themes regarding obliteration in ear surgery: 

- The value of obliteration in ear surgery (Chapter 2) 

- Considerations needed to be made in regard to performing mastoid 

obliteration in ear surgery (Chapter 3) 

 

Chapter 1 Introduction 

 

First a general description of the anatomy of the ear is given. This is followed by a 

more detailed description of chronic otitis media (COM) with and without 

cholesteatoma as these pathologies are the main indication for obliteration. We 

discuss the various hypothesis regarding the pathophysiology of cholesteatoma as 

this is not yet fully understood. The pathophysiology is important in regard to why 

obliteration of the mastoid cavity could influence the development and progression of 

this disease. This in turn could explain the results that are reported in Chapter 2 of 

this thesis. Furthermore the introduction supplies an overview of the history of ear 

surgery. Especially the history of how obliteration techniques evolved over several 

decades. This is relevant as many different considerations and arguments have been 

postulated during these decades either opposing or in favour of obliteration. These 

will be addressed in this thesis in chapter 3. 

 

Chapter 2 Surgical results after obliteration 

 

There are several types of mastoid surgery in which obliteration can be performed. 

We have evaluated the surgical results of three different types in case of creating a 

safe, dry and disease-free ear (primary goal) and hearing improvement (secondary 

goal), 
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Revision radical cavity surgery with obliteration 

At first obliteration of the mastoid cavity was performed in cases needing revision 

surgery for a chronically troublesome radical cavity. These patients suffered from 

chronic ear complaints, intolerance to water and the need for often cleanings at the 

outpatient clinic. Chapter 2.1 shows the favourable results regarding the high dry ear 

rate and low rate of residual and recurrent cholesteatoma. Significant hearing 

improvement was achieved in several patients (Chapter 3.3.). However a large part 

of the cohort was still in need of a hearing aid post-surgery.   

 

Canal wall up mastoidectomy with obliteration 

Obliteration also proved to be of added value in patients who undergo intact canal 

wall surgery. In these patients the mastoid and epitympanum were obliterated to 

minimalize the chance of recurrent cholesteatoma (Chapter 2.2). We demonstrated 

that in the vast majority of cases obliteration resulted in dry and safe ears. The 

secondary objective of hearing improvement was achieved in many patients 

postoperatively as well.  

 

Subtotal petrosectomy 

Beside the aforementioned types of surgery an even more radical obliteration 

technique is possible. A complete obliteration of the entire ear could be indicated in 

some cases without any remaining functional hearing. Chapter 2.3 shows the 

surgically favourable results of this technique, demonstrating that all types of 

obliteration result in equal or even better results than non-obliterative techniques on 

the primary and secondary objectives.  
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Chapter 3 Considerations regarding obliteration in ear surgery 

 

Several considerations could be addressed in case of obliteration. For example, an 

earlier major problem was the risk of hidden residuals behind the obliteration 

material. As new MRI techniques have proved their value there was no need to 

investigate this issue. We have chosen to evaluate considerations which were not 

addressed in detail before. 

 

Obliteration versus an inner ear fistula 

A problem that was identified was that obliteration could not be performed when a 

fistula to the inner ear structures is present. The need for complete removal of the 

disease prior obliteration is necessary. Chapter 3.1 discusses this dilemma between 

removal of disease from an inner ear fistula compared to the risk of iatrogenic inner 

ear damage. Single stage removal of disease is advocated and the use of 

corticosteroids seems to be of no added value for protection of the inner ear. Single 

stage obliteration appeared to be safe and successful during MRI follow-up and could 

lead to disappearance of fistula related dizziness according to literature.  

 

Obliteration versus quality of life 

We were interested in other outcome measures beside the primary and secondary 

objectives of ear surgery. As some hypothesized that obliteration could lead to a 

diminished QoL we were especially interested in patient reported outcomes of 

obliteration. Chapter 3.2 describes the process of translation and validation of the 

disease specific Chronic Ear Survey (CES) for the Dutch population. This 

questionnaire is able to measure subjective outcomes when comparing the pre- and 

postoperative situation. Partial obliteration of the ear resulted in improved patient 

reported outcomes (Chapter 3.2). On the other hand the results in chapter 2.3 

suggest a negative impact on several domains of quality of life after total obliteration 

of the ear. Therefore next to objective results like dry and disease-free ears as well 
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as improvement of hearing it is very important to evaluate how the patient 

experiences the differences.  

 

Obliteration versus hearing rehabilitation 

Hearing improvement is a secondary goal of ear surgery for chronic ear disease. 

Achieving it is not always possible due to structural alterations of the middle ear. As 

mentioned before both chapter 2.2 and 3.3 show postoperative hearing 

improvements but these are limited compared to the preoperative situation. Some of 

the patients still need additional hearing rehabilitation postoperatively. This need is 

often related to the pre-existent perceptive hearing loss. Chapter 3.3 shows that most 

patients are able to wear a conventional hearing aid because of the fact that their ear 

is dry and self-cleansing postoperatively. This chapter also provides a flowchart that 

can help make a prediction on postoperative hearing depending on the preoperative 

situation.  

 

Chapter 4 General discussion 

 

This chapter discusses all obtained results, of this thesis, in general and how they 

could help us answer the question: whether to obliterate or not in ear surgery. 

Several overall conclusions are drawn and we debate how to implement this 

knowledge. We also identify some remaining questions that future research could 

address.  
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Dutch summary, Nederlandse samenvatting van het proefschrift 

 

Dit proefschrift beschrijft twee belangrijke thema’s wat betreft obliteratie in 

oorchirurgie: 

- De waarde van obliteratie in oorchirurgie (Hoofdstuk 2) 

- Overwegingen ten aanzien van obliteratie in oorchirurgie (Hoofdstuk 3) 

 

Hoofdstuk 1 Introductie 

 

Na een algemene beschrijving van de anatomie van het oor wordt dieper in gegaan 

op chronische otitis media (COM) met en zonder cholesteatoom. Dit is namelijk de 

meest belangrijke indicatie voor obliteratie, hoewel er nog vele andere indicaties 

bestaan. Het is nog niet precies bekend hoe een cholesteatoom ontstaat en daarom 

worden de verschillende ontstaanstheorieën besproken. De ontstaanswijze van 

cholesteatoom is namelijk van belang om te begrijpen hoe obliteratie de ontwikkeling 

van de ziekte kan beïnvloeden. Hierdoor zijn de chirurgische resultaten in hoofdstuk 

2 ook beter te begrijpen. Vervolgens komt in de introductie de geschiedenis van 

oorchirurgie aan bod waarbij specifiek wordt gekeken naar de rol van obliteratie over 

de decennia heen. Dit is van belang aangezien over de jaren verschillende 

overwegingen en argumenten zijn benoemd en onderzocht welke voor of tegen 

obliteratie pleitten. Enkele, nog onvoldoende onderzochte, overwegingen worden 

behandeld in hoofdstuk 3. 

 

Hoofdstuk 2 Chirurgische resultaten na obliteratie 

 

Er zijn verschillende operatietechnieken waarbij obliteratie van het mastoïd kan 

worden uitgevoerd. We hebben de chirurgische resultaten van 3 verschillende 

technieken onderzocht met specifieke aandacht voor het verkrijgen van een veilig, 

droog en ziektevrij oor (primair doel) en verbetering van het gehoor (secundair doel). 
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Revisiechirurgie van een radicaalholte met obliteratie 

In eerste instantie werd mastoïdobliteratie uitgevoerd in patiënten die revisiechirurgie 

nodig hadden vanwege een chronisch problematische radicaalholte. Deze patiënten 

leden aan chronische oorklachten, konden geen water in de oren verdragen en 

hadden regelmatig reinigingen nodig op de polikliniek. Hoofdstuk 2.1 laat de goede 

resultaten zien wat betreft het hoge percentage aan droge oren en het lage 

percentage aan residu- en recidief cholesteatoom. Significante gehoorverbetering 

werd gekregen in veel patiënten (Hoofdstuk 3.3). Echter, een groot deel van 

patiënten had postoperatief nog steeds gehoorrevalidatie nodig. 

 

Mastoïdectomie met behoud van de gehoorgang en obliteratie 

Obliteratie bleek ook van toegevoegde waarde in patiënten die een ooroperatie 

ondergingen waarbij de gehoorgang intact bleef. In deze patiënten werden het 

mastoïd en epitympanum geoblitereerd om het risico op recidief cholesteatoom te 

minimaliseren (Hoofdstuk 2.2). Het overgrote deel van de patiënten had na de 

operatie een droog en veilig oor. Het secundaire doel van postoperatieve 

gehoorverbetering werd ook in veel patiënten bereikt.   

 

Subtotale petrosectomie 

Naast de hiervoor genoemde technieken bestaat er een nog meer radicale 

obliteratietechniek. Een complete obliteratie van het gehele oor kan geïndiceerd zijn 

bij patiënten die geen functioneel gehoor meer hebben. Hoofdstuk 2.3 laat de goede 

chirurgische resultaten van deze techniek zien waarmee wordt gedemonstreerd dat 

alle onderzochte obliteratietechnieken resulteren in gelijke of zelfs betere resultaten 

dan technieken zonder obliteratie wanneer het gaat om primaire en secundaire 

operatiedoelen. 
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Hoofdstuk 3 Overwegingen ten aanzien van obliteratie in oorchirurgie 

  

Verschillende overwegingen kunnen worden aangekaart wanneer het gaat om 

obliteratie. Aanvankelijk was bijvoorbeeld het risico op achtergebleven ziekte achter 

het obliteratiemateriaal een groot probleem. Aangezien nieuwe MRI-technieken dit 

probleem hebben opgelost, was er geen noodzaak om dit vraagstuk nog te 

onderzoeken. We hebben ervoor gekozen om overwegingen te onderzoeken die nog 

niet eerder in detail waren bekeken. 

 

Obliteratie versus een binnenoorfistel 

Er was discussie over de mogelijkheid van obliteratie bij de aanwezigheid van een 

binnenoorfistel. Het is noodzakelijk om voorafgaand aan obliteratie de ziekte volledig 

van het fistel te verwijderen. Hoofdstuk 3.1 bespreekt het dilemma tussen het 

verwijderen van ziekte van een binnenoorfistel tegenover het risico op iatrogene 

binnenoorschade. Er wordt gepleit voor het in één keer verwijderen van alle ziekte, 

het gebruik van corticosteroïden lijkt hierbij geen meerwaarde te hebben ter 

bescherming van het binnenoor. Directe obliteratie blijkt tijdens de MRI follow-up 

geen problemen op te leveren en zou volgens de literatuur tot verdwijnen van de 

fistelsymptomen kunnen leiden.  

 

Obliteratie versus kwaliteit van leven 

We waren geïnteresseerd in andere uitkomstmaten dan de primaire en secundaire 

doelen van oorchirurgie. Aangezien er door sommigen werd gesteld dat obliteratie 

zou leiden tot een vermindering van kwaliteit van leven waren we voornamelijk 

geïnteresseerd in de door de patiënt gerapporteerde uitkomsten na obliteratie. In 

hoofdstuk 3.2 wordt beschreven hoe de Chronic Ear Survey (CES), een 

ziektespecifieke vragenlijst, is vertaald en gevalideerd voor de Nederlandse taal. 

Deze vragenlijst is in staat om het verschil te meten in subjectieve uitkomsten 

wanneer de pre- en postoperatieve situatie met elkaar wordt vergeleken. 
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Gedeeltelijke obliteratie van het oor gaf verbetering van door de patiënt 

gerapporteerde uitkomsten (Hoofdstuk 3.2). Daar tegenover stonden de resultaten in 

hoofdstuk 2.3 welke de suggestie wekten van een negatieve impact op meerdere 

domeinen van de kwaliteit van leven na totale obliteratie van het oor. Naast het 

verkrijgen van goede objectieve resultaten zoals droge en ziektevrije oren en 

verbetering van gehoor is het dus erg belangrijk om te kijken naar hoe de patiënt de 

verschillen zelf ervaart.  

 

Obliteratie versus gehoorrevalidatie 

Gehoorverbetering is een secundair doel van een ooroperatie bij een chronische 

ooraandoening. Het blijkt echter niet altijd gemakkelijk of zelfs haalbaar om 

gehoorbetering te krijgen door structurele veranderingen in het middenoor. Zowel 

hoofdstuk 2.2 als 3.3 laten postoperatieve gehoorverbeteringen zien, maar dit 

verschil ten opzichte van de preoperatieve situatie is beperkt. Een deel van de 

patiënten heeft postoperatief dan ook aanvullende gehoorrevalidatie nodig, niet in de 

laatste plaats vanwege het feit dat er preoperatief regelmatig sprake was van 

perceptief gehoorverlies. Hoofdstuk 3.3 laat zien dat patiënten, doordat ze 

postoperatief weer een droog en zelfreinigend oor hebben gekregen, in staat zijn om 

een hoortoestel te (ver)dragen. Dit hoofdstuk biedt ook een stroomdiagram waarmee 

een voorspelling kan worden gedaan over het postoperatieve gehoor, afhankelijk van 

de preoperatieve uitgangssituatie. 

 

Hoofdstuk 4 Algemene beschouwing 

 

Dit hoofdstuk beschouwt alle behaalde resultaten in dit proefschrift in algemene zin 

maar ook voor wat betreft de specifieke vraag: of we nu wel of niet moeten 

oblitereren in oorchirurgie. Verschillende conclusies worden getrokken en we 

bespreken de vraag hoe deze kennis te implementeren. Ook worden er enkele 

overblijvende vragen aangestipt die in toekomstig onderzoek kunnen worden 

behandeld. 
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Abbreviations 

 

ABG   Air Bone Gap 
AC   Air Conduction 
AIADH   Amsterdam Inventory for Auditory Disability and Handicap 
AMC   Academic Medical Centers 
Amsterdam UMC Amsterdam University Medical Centers 
AR   Activity Restriction 
BCD   Bone Conduction Device 
BCT   Bone Conduction Threshold 
CAT   Combined Approach Tympanoplasty 
CES   Chronic Ear Survey 
CHA   Conventional Hearing Aid 
CI   Confidence Interval 
COM   Chronic Otitis Media 
COMBI  Chronic Otitis Media Benefit Inventory 
COMQ-12  Chronic Otitis Media Questionnaire-12 
CSF   CerebroSpinal Fluid  
CSOM   Chronic Suppurative Otitis Media 
CT   Computer Tomography 
CWD   Canal Wall Down  
CWDM   Canal Wall Down Mastoidectomy 
CWDMC  Canal Wall Down Mastoidectomy Cavity 
CWU    Canal Wall Up 
CWUM   Canal Wall Up Mastoidectomy 
D-CES   Dutch version of the Chronic Ear Survey 
DWI   Diffusion Weighted Imaging 
ENT   Ear Nose Throat 
FU   Follow Up 
GBI   Glasgow Benefit Inventory 
HA   Hydroxy-apatite 
HR-CT   High Resolution – Computer Tomography 
Hz   Hertz 
ICC   Intraclass Correlation Coefficient 
IQR   InterQuartile Range 
kHz   Kilohertz 
LSC   Lateral Semicircular Canal 
MCS   Mental Component Summary 
MET   Middle Ear Implant 
MR   Medical Resources 
MRI   Magnetic Resonance Imaging 
MTF   MidTemporal Flap  
NA   Not applicable 
Pa   Pascal 
PCS   Physical Component Summary 
PHORC  Partial Hydroxy-apatite Obliteration with Reconstruction of the Canal 
PORP   Partial Ossicular Reconstruction Prosthesis 
PROM   Patient Reported Outcome Measure 
PSC   Posterior Semicircular Canal 
PTA   Pure Tone Average  
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QoL   Quality of Life 
RRCS   Revision Radical Cavity Surgery 
SD   Standard Deviation 
SF-36   Short Form 36 
SPSS   Statistical Package for the Social Sciences 
SSC   Superior Semicircular Canal 
ST   Symptoms 
STP   Subtotal Petrosectomy 
TFU   Time to Follow Up 
TLC   Time of Last Contact  
TORP   Total Ossicular Reconstruction Prosthesis 
UK   United Kingdom 
VSB   Vibrant Soundbridge 
WHO   World Health Organisation 
ZCMEI-21  Zurich chronic middle ear inventory 
5yFU   5 years of Follow Up 
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Dankwoord 

 

Dit proefschrift is tot stand gekomen met de hulp van vele anderen die ik graag wil 

bedanken; een aantal van hen in het bijzonder. 

 

Mijn promotor, prof. dr. W.J. Fokkens. Beste Wytske, ik wil je zeer bedanken voor het 

vertrouwen dat je in me hebt gesteld. Eerst door mij aan te nemen als arts-assistent KNO en 

later door met mij het PhD-traject aan te gaan. Veel dank voor je kritische en daardoor 

telkens zeer nuttige beoordeling van de onderdelen van dit proefschrift.  

 

Mijn copromotor, dr. E. van Spronsen. Beste Erik, wat een mooie en bijzondere reis hebben 

wij er op zitten. Ik weet nog goed dat ik als Geneeskundestudent bij jou langs kwam en we 

samen mooie plannen maakten voor een wetenschappelijke stage. Hoe wij weekenden 

achtereen samen in het AMC aan het zwoegen waren op data en verwerking van onderzoek. 

Ik wil je ongelooflijk bedanken voor je vertrouwen in mijn slagen, je niet aflatende 

enthousiasme en je voortdurende bereidheid om me te helpen en te sparren over het 

onderzoek. Als ik weer een stukje af had en blij was dat ik er voor even vanaf was door het 

naar je op te sturen, kreeg ik het meestal dezelfde dag al weer terug voorzien van nuttig 

commentaar. Ik had me werkelijk geen betere onderzoeksbegeleider kunnen wensen. Als 

blijk van waardering heb ik jouw proefschrift laten opnemen in het stilleven op de voorzijde 

van dit proefschrift.  

 

De leden van de promotiecommissie. Veel dank voor het lezen en goedkeuren van het 

manuscript zodat ik tot de verdediging van mijn proefschrift kon overgaan. 

 

Dr. F.A. Ebbens en dr. M.J.W. de Wolf. Beste Fenna en Maarten, naast Erik waren jullie mijn 

otologische opleiders en hebben jullie een rol gehad in alle publicaties die in dit proefschrift 

zijn verschenen. Veel dank voor de gezelligheid, jullie begeleiding en telkens weer het 

nuttige commentaar op de manuscripten.  

 

Drs. P.G. Mirck. Beste Piet, ik wil je heel hartelijk bedanken voor je klinische bijdrage voor de 

totstandkoming van dit proefschrift. Het overnemen van de obliteratietechniek van Matthew 

Yung heeft dit alles in gang gezet. Naast dit proefschrift als resultaat zijn er vele patiënten 

adequaat geholpen met de obliteratietechniek. 
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Prof. dr. R.J. de Haan. Beste Rob, wat een geluk had ik toen ik op een zomerse dag alle 

eerste aanspreekpunten van de CRU afwezig vond en jij aanbood om mij te helpen met de 

statistische analyse! Ontzettend bedankt voor alle uitleg, je geduld en de bijdrage aan 

meerdere artikelen. 

 

De overige medeauteurs van de artikelen voor dit proefschrift; Katja Hellingman, Tim Bost en 

Samira Allagul. Veel dank voor de fijne samenwerking. Mede door jullie bijdrage is dit 

proefschrift tot stand gekomen. 

 

Mijn paranimfen, Janine Geerse en Thomas de Jong. Ontzettend leuk dat jullie het laatste 

deel van mijn promotietraject wilden meemaken en mij wilden bijstaan tijdens de 

plechtigheid. 

 

Anja Brons. Beste Anja, wat een prachtig schilderij heb je voor de voorzijde van dit 

proefschrift gemaakt. Ongelooflijk hoe je een basale schets van mij hebt kunnen omtoveren 

tot dit kunstwerk. Erg leuk om het schilderproces vanaf de zijlijn te kunnen volgen. 

 

Jeannette Kats, Emmy Hadri-Aschebrock en Daniëlle Jonkers-Schonhage. Bij jullie op het 

planbureau is het voor mij allemaal begonnen. Ik wil jullie bedanken voor de hartelijkheid en 

gezelligheid, dat jullie mij een plek gaven om aan de eerste stappen van mijn onderzoek te 

werken. 

 

Familie, vrienden en andere betrokkenen. De afgelopen jaren stonden voor mij voornamelijk 

in het teken van werk en promotie. Ondanks het feit dat ik minder tijd voor jullie had, bleven 

jullie geïnteresseerd in mijn ontwikkelingen en steunden jullie mij waar mogelijk. 

 

Mijn moeder, dank je wel voor je liefdevolle opvoeding en je steun in alles wat ik doe. Door 

jou ben ik geworden wie ik nu ben. Mijn vader, dankzij jou heb ik geleerd om altijd een doel 

voor ogen te houden en nooit op te geven. Ik ben dan wel geen boekhouder geworden, maar 

dokter en doctor is toch ook niet gek. 

 

Mijn lieve vrouw Mirjam, mijn dochters Rosalie en Annelinde en mijn zoon Bastiaan. Vier 

schatten die het liefst zouden willen dat er ik altijd was, en toch ben ik de afgelopen jaren 

vaak weg geweest. Deze periode is nu eindelijk voorbij. Dank jullie wel voor jullie liefde, 

steun en geduld. Ik zie uit naar de tijd die komen gaat en waarin ik jullie de tijd en aandacht 

kan geven die jullie verdienen. 
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“To obliterate or not to obliterate, that is the question. Whether ’tis nobler to act like our 

predecessors and accept the drawbacks of our actions. Or to take arms against a sea of 

troubles and by obliteration end them? Drilling; obliterating; no more, and by obliteration 

we end the suffering of those who entrusted themselves to us.                                                           

‘Tis a consummation devoutly to be wished.” 






