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1. Background of cholesteatoma  

1.1 What is cholesteatoma? 

Cholesteatoma is characterized by an intrusion of squamous epithelium cells of the tympanic 

membrane into the middle ear and/or mastoid. It gradually expands and leads to destruction of adjacent 

structures. Some refer to it as “skin in the wrong place”. Cholesteatoma was first described in literature 

in 1863 by Du Verney, which he called steatoma [1]. But its final name was given in 1838 by the 

German physiologist Müller, who identified a layered pearly tumour of fat[2]. This name is poorly 

chosen, keratinocytoma would better reflect the pathology. However, cholesteatoma is still used today 

and is internationally accepted [3]. 

1.2 Presentation & complaints 

In the majority of people, cholesteatoma initially presents with ear discharge, recurrent inflammation, 

conductive hearing loss, and/or sometimes balance problems. Development of cholesteatoma without 

symptoms can occur as well. Other accompanying complaints include earache, itch, feeling of 

pressure, tinnitus, change in taste. In severe cases, facial nerve palsy, meningitis or brain abscess can 

occur [4].  

1.3 Epidemiology 

The estimated incidence in the general population is 3.7-13.9 per 100.000 per year, with a mean 

prevalence of 9.2 per 100.000 in adults. It affects men 1.4 times more compared to women. There is 

also a variation in prevalence according to race. It is highest among Caucasians, followed by Africans, 

while it is low in Asians and extremely low in the Alaskan Inuit population. The annual incidence of 

cholesteatoma for children (under 16) is 3 per 100.000 per year [5-8]. 

1.4 Congenital and acquired cholesteatoma 

Cholesteatoma can roughly be divided into two categories, namely: congenital and acquired 

cholesteatoma. These two categories are distinguished based on their time and place of origin. 

A congenital cholesteatoma is a cholesteatoma that is present at birth in the middle ear or mastoid, that 

can be visible through an intact tympanic membrane [9]. It is thought that during the embryonic phase, 

epithelial cells are left behind that develop into cholesteatoma during life [10]. There is usually no 

otitis, but it presents itself mostly by hearing loss and sometimes by a facial paralysis. The incidence 

of congenital cholesteatoma is 0.12 per 100.000 children[11]. Because there are no patients present in 

the study population with congenital cholesteatoma, this will not be discussed any further in this thesis.  

Acquired cholesteatoma, which is addressed in this thesis, is the form of cholesteatoma which (often) 

creates a chronic otitis media with a retraction of the tympanic membrane, which is not present at birth 

(Figure 1 & 2). There are some theories on the etiopathogenesis of acquired cholesteatoma namely; 1) 

squamous metaplasia[12], 2) immigration of epithelial cells after trauma of the tympanic membrane 

[13, 14], 3) basal cell hyperplasia [15, 16], 4) invagination/ retraction pocket in the tympanic 

membrane [17-19] and the most recent 5) mucosal traction [20]. It could also be a combination of the 

mentioned theories described above. However, there is still too little evidence that sufficiently supports 

one of these theories. The most accepted theory today is the retraction pocket theory. Negative middle 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 13PDF page: 13PDF page: 13PDF page: 13

General Introduction 

 

~ 3 ~ 

 

ear pressure contributes to the formation of a retraction pocket. The negative middle ear pressure could 

be due to an Eustachian Tube dysfunction or habitual sniffing to close the Eustachian Tube. Another 

reason for a retraction is an insufficiency of ventilation pathways between the epi and mesotympanum. 

Next to this, the retraction can occur in different sites of the tympanic membrane namely: attic 

(Shrapnell’s area or pars flaccida) and pars tensa. If the retraction becomes too deep, the skin of the 

ear canal loses its self-cleaning capacity [7]. What follows, is an accumulation of dead skin cells 

forming a ‘sac’, which causes a local inflammation. This local inflammation but also pressure from 

the growing sac can ultimately lead to destruction of the ossicular chain and other bony structures in 

the middle ear [21].  

 

Figure 1: Formation of a cholesteatoma ‘sac’. (Courtesy of https://otosurgeryatlas.stanford.edu/ illustration 

©Chris Gralapp). 

1.5 Diagnosis of cholesteatoma 

Acquired cholesteatoma is primarily diagnosed via inspection of the tympanic membrane, for example 

via a otoscopy, oto-endoscopy or micro-otoscopic examination. It is a clinical diagnosis. Besides this, 

a history of smelly discharge could also be an indication for cholesteatoma. It can also be diagnosed 

via measurement of hearing function. A conductive hearing loss could be a sign of ossicular 

involvement. Imaging of cholesteatoma for confirmation or extension of the pathology is the next step 

before surgery. This is done in primary cases via CT imaging, as it shows the anatomical (bony) 

borders and destruction of ossicles, ear canal (scutum) or tegmen tympani bone. In both pre-operative 

diagnosis and follow-up, for revision or extensive cases, MR imaging is superior to CT as MR 

Diffusion Weighted Imaging (DWI) is able to detect cholesteatoma behind a closed ear drum, in 

between scar tissue and in a previous operated (bone destruction) ear.  

 

https://otosurgeryatlas.stanford.edu/
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1.6 Treatment of cholesteatoma 

Until now, surgical removal is the only procedure available for eradication of cholesteatoma. The 

major aim of the surgeon during surgery is total removal of cholesteatoma and reconstruction to 

prevent possible recurrent or residual cholesteatoma. The secondary goal is to obtain a dry ear, a 

‘water-proof ear’ and maintain or improve hearing [22]. 

The surgery can be divided into removal (eradication) and reconstruction. During removal the goal is 

to fully eradicate cholesteatoma without leaving any epithelial cell of cholesteatoma behind. To 

achieve full eradication it is often necessary to take out a part of the ossicular chain, although in many 

cases the ossicular chain is already partially destructed when cholesteatoma is present. During 

reconstruction, the hearing canal/scutum is often reconstructed and the tympanic membrane is 

strengthened using cartilage from the tragus of concha. During the reconstruction also the ossicular 

chain is rebuilt to improve hearing.  

1.7 Ossicular chain reconstruction 

Depending on the status of the ossicular chain, surgeons can choose between different types of 

ossicular chain reconstructions in an attempt to reconstruct the ossicular chain and ultimately improve 

hearing. Such types of ossicular chain reconstructions are: incus interposition, Partial ossicular 

replacement prosthesis (PORP), Total ossicular replacement prosthesis  (TORP), and reconstruction 

with cartilage. During an incus interposition an autograft bone is sculpted to fit a patients unique 

middle ear anatomy and becomes living tissue over time. There are two prosthetic reconstructions, the 

PORP and TORP. The PORP is attached to the stapes and extends to the surface of the tympanic 

membrane or supported with cartilage. If the stapes superstructure is eroded than a TORP is used, 

which is placed onto the stapes footplate and to the surface of the tympanic membrane, often supported 

with cartilage [23]. During a cartilage reconstruction a piece of cartilage is placed between the stapes 

suprastructure and the tympanic membrane [24]. Surgeons can also choose to leave an affected 

ossicular chain untouched and reconstruct hearing in a second surgery. 

1.8 Residual and recurrent cholesteatoma 

Cholesteatoma has unfortunately a recurring nature after initial cholesteatoma surgery. As mentioned, 

the major aim of treatment is complete surgical eradication of cholesteatoma. In other words, no 

recurrent or residual cholesteatoma is the most important outcome in cholesteatoma surgery.  

 

Recurrent cholesteatoma is defined as a new retraction pocket of which the borders cannot be overseen 

of the pars flaccida, pars tensa, or both with accumulation of keratin debris. 

Residual cholesteatoma is defined as presence of cholesteatoma matrix in the middle ear, mastoid or 

temporal bone after previous surgical removal of cholesteatoma without connection to the epidermal 

epithelium of the eardrum. 

 

To assess the presence of residual cholesteatoma a second surgery, also called second look surgery, is 

often performed. During this surgery the ear is opened again to exclude the presence of cholesteatoma.  

In 2002, a case was published in which via the use of non-echo planar diffusion-weighted MRI a 

differentiation between cholesteatoma and granular tissue was observed [25]. After this study, other 
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studies showed promising results for detection of residual and recurrent cholesteatoma. Recently, 

follow-up via Diffusion-weighted magnetic resonance imaging (DWI or DW-MRI) has been 

implemented in clinical practice to detect residual cholesteatoma [26-28]. This technique has a non-

invasive manner in detecting recurrence of cholesteatoma [29]. However in 2006, the group of 

Vercruysse showed that DW-MRI is unable to detect cholesteatoma smaller than 5 mm. In this way it 

misses most of the residual cholesteatoma [30]. Therefore MRI scans need to be performed on a regular 

basis. More recently, DW-MRI is unable to detect cholesteatoma smaller than 2 mm. 

For recurrent cholesteatoma the method of detecting is via otoscopy. But the length of the follow-up 

via otoscopy to detect recurrent cholesteatoma is unknown. The general length of the follow-up of 

cholesteatoma is still a subject to debate [31, 32]. Insights in the length of follow-up necessary for 

detection of recurrent and residual cholesteatoma is of the utmost importance. National agreements on 

follow-up and registration are important for good clinical care.  

 

1.9 Surgical procedures 

For many years surgical cholesteatoma procedures were divided into two main groups: canal wall up 

mastoidectomy (CWU) and canal wall down mastoidectomy (CWD). Although there are many 

variances, in simple words during a canal wall up procedure the posterior canal wall is left intact [33]. 

A positive outcome of this procedure is that it eliminates the need for repeated cleaning, enables the 

patients to get the ear wet and fitting a hearing aid is easier [34, 35]. A downfall of this procedure is 

the limited exposure of the middle ear and anterior epitympanum, which could cause poor visualization 

of cholesteatoma, and a possible higher rate of residual cholesteatoma. In contrast, during a canal wall 

down mastoidectomy a complete mastoidectomy is performed and in addition the posterior osseous 

external auditory canal is removed [36]. This enhances visualization of the cavity, with a lower 

incidence of residual cholesteatoma as result. Disadvantages of the CWD procedure are the need for 

repeated cleaning of the cavity and most of the patients are not able to get their ear wet. The choice of 

type of surgery depends on the preference of the surgeon and patient, extension of the disease, anatomy 

and previous surgery  [37].  Not all disadvantages for both the CWU and CWD procedures have to be 

true for all patients. The chance of residual or recurrent cholesteatoma due to the used surgical 

technique is also a subject that has been investigated [38, 39]. Both studies found that a CWD has a 

lower chance on recurrent cholesteatoma than a CWU. 

Frequently, mastoid (and epitympanum) obliteration is added to both procedures. During mastoid 

obliteration (MO) the mastoid is obliterated with the use of autologous bone chips and bone pate in 

combination with a musculo-periosteal flap [40, 41]. Or obliteration is done with artificial bone with 

bio-active glass particles [like Bonealive®], biocompatible porous bone mineral substitute [Bio-Oss®] 

or hydroxy apatite granules. 

It is thought that obliteration might prevent the tympanic membrane from retracting to the middle ear 

because there is a smaller gas chamber as the cavity is smaller with a lower mucosal surface for gas 

exchange. This smaller mucosal surface, may improve the balance of middle ear gas exchange and 

may limit the development of abnormities [42]. Lastly, the obliteration itself or the material may 

interfere with trophic conditions for keratinocytes, making it less favorable for survival and growth of 

residual cholesteatoma [43].  
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2. Uniform Registration of cholesteatoma care 

Although cholesteatoma is seen worldwide, there are no universally accepted national or international 

guidelines for its registration, treatment or follow-up in the English literature. Only a few guidelines 

exist for the diagnosis of cholesteatoma in the UK and Australia and New Zealand. Sometimes 

registration is performed but this is done by the surgeon or clinic itself. The surgeon will use 

information from the electronic medical record (EMR), which contains surgical, audiometric and 

follow-up data. Next to this, surgeons will document their clinical outcomes and their recurrent and 

residual rates in a self-created document. It is not possible to compare the outcomes of these two 

sources with others, evaluate outcomes or facilitate monitoring and feedback, unless there is a link to 

a nation registry/ database. Uniformly registering cholesteatoma data and in addition establishing a 

quality registry will ensure and improve cholesteatoma patient care. Data domains that are necessary 

to compare and evaluate outcomes constitute data on pathology, surgery, outcome measures and 

follow-up (See figure 2). These four domains are essential in the registration of cholesteatoma care. 

Patient complaints (measured with Patient Reported Outcome Measures PROMs) could be seen as a 

5th parameter, since it is not clinical care that these are collected, or as a part of the outcome measures. 

Pathology data will give more insight into the localization, extent and destruction of cholesteatoma 

and impact of cholesteatoma on the outcome measures and follow-up. Surgery data will give more 

insight in impact of the surgeon on the outcome measures and follow-up, like the type of surgery, 

including the extent of surgical eradication, type of approach and means of reconstruction. The 

outcome measures are a gathering of the goals that are important for patients and surgeons. These seem 

evident, like disease free (number of recurrent and residual cholesteatoma), but other outcome 

measures are less obvious. In the Netherlands there is no consensus on these outcome measures. 

Registration of the follow-up will directly influence the rate and accuracy of both recurrent and residual 

cholesteatoma. It is therefore important to have some criteria for the frequency, the duration and way 

to register the follow-up. 

 
Figure 2: Uniform cholesteatoma care registration method, containing data concerning pathology, 

surgery, outcome measures and follow-up. 

3. Registration of Pathology 

For registration, it is important to obtain more distinction information on the origin, size, extension 

and the destruction caused by cholesteatoma. Therefore an uniform registration to use the same 

terminology is important. This provides surgeons with a tool for comparison of outcomes based on a 

comparable case mix. It supports to get comparable data between published data and institutions and 

it may also be a predictor for the outcome, like the tumor nodes and metastases (TNM)-staging system 

used in oncology [44].  
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3.1 Classification systems 

There are several classification systems concerning cholesteatoma that have been published over time. 

In 1964, a classification for chronic ear infections was published by the Committee of Conservation 

of Hearing of the American Academy of Ophthalmology and Otolaryngology  [45]. Another 

classification proposed in 1985 staged the extent of cholesteatoma into four groups [46]. A more 

detailed classification on pathophysiology, location, Eustachian tube function, ossicular defects and 

presence or absence of complications was proposed in 1986 by Meyerhoff [47]. Tos and Lau proposed 

a classification that was based on the site of origin in 1988 [48, 49]. In 2010 the Japanese Otological 

Society (JOS) published a paper concerning the classification and staging of cholesteatoma [50]. This 

paper describes how the middle ear and mastoid is divided by means of the PTAM system and how to 

stage cholesteatoma according to the extension in the tympanomastoid area. Rosito et al., proposed a 

staging system based on the growth patterns of cholesteatoma [51].  

Recently, the European Academy of Otology and Neuro-Otology (EAONO) in cooperation with the 

JOS published a new cholesteatoma classification based on an international consensus [52]. This 

classification and staging system uses the STAM classification and describes the pre-surgical situation. 

The STAM classification divides the middle ear and mastoid into 5 areas, with area S containing two 

difficult access sites. According to the amount of involved sites and possible accompanying pre-

surgical complications, cholesteatomas are appointed into a certain stage. As a modification from the 

STAM classification the STAMCO was developed. In the same period a separate classification system 

was presented, which describes the peri-post surgical situation, called ChOLE. These two 

classifications, STAMCO & ChOLE, also used in this study, will be described in more detail below. 

STAMCO 

When applying the STAM classification in our study, we encountered some difficulties. Because of 

these practical problems we have proposed some modifications to the STAM, which resulted in an 

extended classification system: STAMCO [53] (For explanation of these problems see Annex 1 Letter 

to the editor).The STAMCO localizations are similar to the 5 areas of the original STAM: Difficult 

access sites 1 (supratubal recess; S1), difficult access site 2 (sinus tympani; S2), Tympanic cavity (T), 

Attic (A) and the Mastoid including antrum (M). Complication status (which is a complicated case, 

pre-surgically) and chain status before start of the surgery are scored separately in the STAMCO 

classification (See figure 3). The complications status (all (prior surgery) is divided into three groups: 

no complication, extracranial complication (for example: facial palsy) or intracranial complication (for 

example: meningitis). The ossicular chain status is divided into 5 groups.  
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Figure 3: STAMCO classification. (Publishers permission obtained). 

Cholesteatoma can be described in the surgical report as follows: STAM1 for one location, STAM2 

for two locations and STAM3 for three or more locations and if one of the two S locations is involved. 

For a revision surgery the letter “r” can be added: like rSTAMCO. For example this will lead to 

rTAM3C0O2 notification of cholesteatoma, in which cholesteatoma is a revision case with 

cholesteatoma in the T,A and M areas, no preoperative complication and two ossicles destructed or 

absent. 

ChOLE 

Almost simultaneously in 2018, the Swiss Society of Otolaryngology-Head & Neck surgery published 

their ChOLE classification [54]. The ChOLE classification is based on the extension of Cholesteatoma 

(Ch), status of the ossicular chain at the end of the surgery, but before reconstruction (O), complication 

(L) and the degree of pneumatisation and ventilation (E). By means of adding up the individual scores 

of the four subgroups, cholesteatoma will be staged from I-III (See figure 4). 

Both STAMCO as ChOLE have not been applied much in daily practice. The ChOLE system is only 

applied to a cohort of primary and a few recurrent cholesteatoma. The ChOLE study revealed that it 

can predict hearing outcomes [55]. According to the study of van der Toom et al., the STAMCO 
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classification is promising and the only available predictor of recurrent and residual cholesteatoma 

[56]. It is relatively unknown  how well these classifications are applicable in daily practice and studies 

evaluating  if subgroups from both classifications correlate with outcomes like hearing, chance of 

residual and recurrent cholesteatoma and severity of cholesteatoma only recently began to appear [55, 

57, 58]. 

 
Figure 4: The Swiss ChOLE classification. (Publishers permission obtained). 

4.    Registration of Surgery 

Because there is a great variation in surgical techniques used in middle ear and mastoid surgery, it is 

important that surgeons use standardized terminology with clear definitions to describe their surgery. 

In this way comparison will be meaningful. 

4.1 Classification of cholesteatoma surgery 

There is a great variation in surgical techniques that can be used by ENT surgeons and these cannot 

all be divided in just a canal wall up mastoidectomy (CWU) and canal wall down mastoidectomy 

(CWD). All surgical classifications over time are discussed in a comprehensive review [59]. The 

CWU/CWD classification is proposed in 1985 and adjusted in 1993 [60, 61]. Many possible 

classifications and modifications are proposed during the last years but some are not complete or 

outdated and none of them are internationally accepted [59]. To solve this problem the International 

Otology Outcome Group (IOOG) has proposed a new classification system with the acronym SAMEO-

ATO [62]. This classification has been developed by using an international Delphi consensus method. 

The aim of this consensus is to categorize the mastoid bone operations (SAMEO) and middle ear 

surgeries (ATO). The acronym stands for each subgroup of surgical techniques of the mastoid and 

middle ear namely: Stage of operation (S), Approach (A), Mastoidectomy procedure (M), External 
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auditory canal reconstruction (E), Obliteration of mastoid cavity (O), Access (A), Tympanic membrane 

repair (T), Ossicular Chain repair (O).  

Next to the classification SAMEO-ATO it is of importance to have information on the complications 

that occurred during or shortly after surgery. These complications are an outcome measure for surgery. 

It is important to have a separate registration of complications which are already present at the start of 

the surgery (complicated case), and therefore due to the pathology, so they don’t get mixed up in the 

outcome measures (Letter C in STAMCO). 

It is still unknown whether the often used CWU and CWD correlate with the new SAMEO-ATO 

method, because no research has been performed on this subject. Furthermore, the new classification 

is very broad and it might be that some adjustments are necessary to make it more user-friendly. 

5.   Registration of Outcomes 

 

In order to improve quality of care, tools to asses quality of care are needed. A drawback to achieve 

this goal is that variations exists between surgeons, hospitals and also internationally. Next to this, it 

is hard to assess quality of cholesteatoma care, as (consensus on) international definitions of quality 

of care is lacking. Quality of care can be assessed through registration of outcome measures. Outcome 

measures are the results obtained during or at the end of the follow-up period [63]. The most reported 

outcome measures for cholesteatoma treatment reported in the literature are the following: recurrent 

and residual cholesteatoma rate, audiometric hearing loss and patient reported complaints and quality 

of life. 

 

5.1 Hearing (loss) 

 

Hearing loss is the most common complaint before and after surgery according to patients [64, 65]. 

Hearing loss is often caused by the pathology and improvement via ossicular reconstruction during the 

surgery still remains a challenge for otologists.  

Registration of hearing loss can be done in different ways. First, there is the pure-tone audiogram. 

Second, hearing loss can be assessed subjectively using a PROM which is discussed below. In 

cholesteatoma care audiograms are obtained before surgery, after surgery and during follow-up. From 

these audiograms two distinctive measures can be derived: a pure tone average (PTA), a 4-frequency 

air conduction hearing thresholds in the speech frequencies (0.5, 1, 2, and 4 kHz) and also the air-bone 

gap, the difference between the air and bone conduction thresholds, can be calculated. Some studies 

state that this air-bone gap is an appropriate predictor of ossicular chain discontinuity [66, 67].  

There is a lack of a standardized methods for registration of hearing loss for investigators to compare 

and draw conclusion from their work [68]. To help resolve this problem, the Hearing Committee of 

the American Academy of Otolaryngology-Head and Neck Surgery set up a minimal standard for 

reporting hearing outcomes, which consists of a scatter gram relating average pure-tone threshold to 

word recognition score [69].  However, the question remains if the need for registration is of 

importance for publishing in journals or for a national database. In most journals the ABG is the 

standard for reporting hearing outcome  [69].  
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Knowledge in the stability of the hearing status after cholesteatoma surgery is still largely lacking. 

Next to this, the influence of pathology and the ENT surgeon on the patient’s hearing level is still not 

clear. In order to make assumptions on these influences, it is necessary to register the status of the 

ossicular chain. The status can be registered at two time points namely: the exact situation that the 

ENT surgeon finds in the untouched cholesteatoma (impact of cholesteatoma), as resembled in the O 

of the STAMCO classification. Or after removal of cholesteatoma but before reconstruction of the 

ossicular chain, as resembled in the O of the ChOLE. In which way these ossicular status correlates 

with the postoperative hearing status and if there is asymmetric hearing after surgery is missing in the 

literature.  

5.3 Patient reported complaints and quality of life 

Quality of life (QoL) is the functioning of a person in the physical, psychological and social domain 

and is reflected in the subjective evaluation of functioning in these areas [70]. The topic of QoL is 

gaining more importance in healthcare and more research is being performed on this subject within 

the Otolaryngology community too. There are studies that have investigated the QoL of cholesteatoma 

patients, while using patient reported outcome measures (PROM).   

Quaranta et al., compared the QoL between patients who had  either undergone a Canal Wall Up 

(CWU) or a Canal Wall Down with a mastoid obliteration by means of the Chronic Ear Survey (CES) 

[64]. They found a similar QoL in patients for both treatments and postoperative self-perceived hearing 

difficulty was the main patient reported problem reported directly after surgery for both techniques, 

but the long term hearing difficulties or QoL effects were not assessed. A study that compared QoL 

outcomes between three different surgical techniques, suggested that validated and reliable instruments 

must be used in clinical practice to provide assessments for each individual patient. 

In the studies that investigated QoL with respect to self-reported hearing loss, it was found that hearing 

loss due to cholesteatoma has a big influence on QoL [64, 71]. Interestingly, Lailach found that 

surgeons had other expectations than patients with respect to QoL after surgery. Especially hearing 

function seemed to be the worst tolerable difficulty as indicated by patients [71]. This difference in 

expectations was also investigated by the group of Browning [72]. A study that investigated QoL by 

means of the Glasgow Benefit Inventory (GBI) found a correlation of QoL with improved audiometric 

hearing and/or drainage [73].  There is minimal knowledge on the QoL that is specific for the field of 

otology [74]. 

There are a few questionnaires that are being used in research on middle ear diseases to investigate 

complaints accompanying cholesteatoma. These are the Chronic Otitis Media Questionnaire 12 

(COMQ-12), it’s precursors’ questionnaires and the Otology QUestionnaire Amsterdam (OQUA) [75, 

76].  

The COMQ-12 was developed by Philips in 2014. It is a health related QoL questionnaire, which can 

be used to assess active chronic otitis media (COM) [75] and has been translated in many languages 

including Dutch [77]. The COMQ-12 is a combination of three questionnaires: the Chronic Ear, Survey 

(CES) [78], the Chronic Otitis Media Outcome Test 15 (COMOT-15) [79], and the Chronic Otitis 

Media 5 (COM-5) [80]. In addition to the COMQ-12 to assess better the benefit of the surgery, Philips 

et al. developed and validated another questionnaire namely the Chronic Otitis Media Benefit 
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Inventory (COMBI) in 2017 [81]. This is a partly generic and partly specific questionnaires for adults 

suffering from middle ear diseases. The COMBI was translated and validated in the Dutch language 

in 2017 [82]. 

The OQUA questionnaire was developed to obtain insight in all relevant types of otology complaints 

and their impact on daily life. It covers 9 domains in total; eight domains of ear complaints and one 

impact domain. These eight domains of ear complaints are earache, pressure sensation, itching, 

tinnitus, hearing loss, ear discharge, loss of taste and dizziness. Research has shown that this 

questionnaire is a good generic otology questionnaire [76] responsive to all kinds of ear-interventions 

including cholesteatoma surgery.  

No research has been performed yet to investigate whether there are differences in patient-reported 

complaints between primary and recurrent/residual cholesteatoma patients. Next to the patient-

reported complaints it would be interesting to investigate possible differences in audiometric hearing 

loss and the patient-reported hearing loss between these groups, since this is the most reported 

complaint by patients. Additionally, cholesteatoma or its surgical treatment may result in hearing loss 

on the affected side and thus lead to asymmetric hearing (loss). This specific consequence has not been 

addressed in previous studies. More detailed information on the overall complaints, individual hearing 

functioning, including asymmetry, and impact of these complaints after cholesteatoma surgery is 

needed in order to be able to adequately counsel patients before and after their cholesteatoma surgery. 

6   Registration of outcome measures during follow-up 

6.1 Used follow-up methods 

As mentioned previously, it is important to follow-up patients after cholesteatoma surgery, because of 

the risk of residual or recurrent cholesteatoma occurring. The clinical follow-up is performed annually 

via a micro-otoscopic examination. In the past, the most used follow-up method to validate the clinical 

follow-up was a second  surgery. This revision surgery is normally performed one year after primary 

surgery, in which the mastoid and middle ear is checked for any residual cholesteatoma. In addition, 

if not performed or not successful previously, the ossicular chain can be reconstructed during this 

surgery. In recent years a new technique has been developed to follow-up on cholesteatoma patient 

without surgery, using DW-MRI [30, 83-85]. DW-MRI is capable of distinguishing cholesteatoma 

from other contrast enhancing tissue, like scar tissue, inflammation or granulation tissue. However, 

although it’s capability of separating these tissues, there are some pitfalls of this technique: 1) trouble 

of detecting cholesteatomas smaller than 2 mm. Therefore, longitudinal follow-up MRIs must be 

performed until cholesteatoma is large enough to be detected. 2) cholesteatoma that contain no keratin 

are not being detected, which causes false-negatives and on the other side 3) ear wax, and other non-

specific inflammation can cause a positive finding for cholesteatoma, when no cholesteatoma is 

present (false-positive) [86]. Over time this technique has been increasingly accepted and it is thought 

that the DW-MRI could replace the second surgery [87]. 

To accurately investigate if the second-look surgery could be fully replaced by the DW-MRI, a 

randomized controlled trial (RCT) needs to be performed, which was also stated by Lingam [88, 89]. 

Within the science agenda 2013 of the ENT society in the Netherlands [90], this question was 

considered high priority. The Dutch Cholesteatoma Data group (DCD) received funding in 2016 to 
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start a multicenter study to investigate the cost effectiveness of follow-up with diffusion-weighted MRI 

versus surgical follow-up after cholesteatoma treatment.  

 

7  Course of the project 

The original aim of this thesis was to determine the cost effectiveness of follow-up with diffusion-

weighted MRI versus surgical follow-up after cholesteatoma treatment. The question would be 

investigated by means of a multicenter RCT, using the following study design: patients with a primary 

cholesteatoma, who had received primary cholesteatoma surgery resulting in an ABG of less than 20 

dB HL would be randomized to either the second-look group or to the MRI group during their follow-

up. However, while preparing for the study (which took 2 years), we came to the conclusion that the 

DWI-MR technique had already been widely implemented. By the time the study should start, both 

ENT surgeons and patients had developed a preference for the non-invasive DWI-MR for follow-up 

and DWI-MR was adopted in daily clinical practice. We answered to the request of Lingam and 

colleagues and set out our arguments described in this section, why we were not able to assess if a 

second-look surgery could be replaced by DWI-MR [91](See Annex 2 Letter to the editor). As the 

original aim of our study could not be investigated, the secondary and additional aims were the basis 

for this thesis.  

8.  Aim of the thesis 

The main aim of the research presented in this thesis was to initiate uniform registration of 

cholesteatoma care in The Netherlands, as part of a system of information on patient, pathology, 

surgery and outcomes that can be used in shared decision making (See figure 5). A classification 

system that enables uniform registration of cholesteatoma pathology, surgery and outcome is necessary 

to share findings and compare outcomes. Besides this, there is a shift towards patient centered care, 

which makes the demand of collecting patient reported outcome measures via questionnaires more 

important. Achievement of this aim would contribute to the development of and enhances awareness 

of the benefits of uniform registration in cholesteatoma care in The Netherlands and knowledge of the 

impact of cholesteatoma on daily life.  

 
Figure 5: Visual representation of the items that must be evaluated separately in cholesteatoma care: The 

patient, pathology, surgery and outcomes. 

Chapter 2 presents the registration of the pathology according to the STAMCO classification and the 

Swiss ChOLE classification and compared these two for practical applicability. 

In chapter 3 the registration of surgery by means of the SAMEO-ATO classification is analyzed 
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retrospectively and correlated to the two main surgical techniques CWU and CWD. 

In chapter 4 the postoperative complaints and impact in patients with cholesteatoma is described 

longitudinally.  

In chapter 5 the hearing of cholesteatoma patients is described and the impact of the status of the 

ossicular chain is analyzed by means of both the STAMCO as ChOLE classification. 

Chapter 6 describes the nationwide Delphi process which was followed to reach consensus in 

cholesteatoma care, with final definitions and agreements on what to register are presented.  

The general discussion and summary are presented in chapter 7. 
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Practical applicability of the STAMCO and ChOLE classification in cholesteatoma care 

Abstract  

Background: In order to compare cholesteatoma care internationally and to evaluate outcomes, ear surgeons 

must use the same terminology. However, a clear universal definition on how to describe the extension, 

destruction and accompanying morbidity caused by cholesteatoma is lacking. The practical applicability by 

means of interrater agreement is assessed for the STAMCO and the ChOLE classification.  

Methods: A total of 134 adult patients derived from the nationwide multicentre study in the Netherlands, 

entitled Dutch Cholesteatoma Data (DCD) were included. Retrospective analysis of 134 surgical reports 

according to the STAMCO and ChOLE classification for localisation/extension of cholesteatoma, complication 

status and ossicular chain status. Both the percentage agreement and the interrater agreement were determined 

for each item of the classifications and interrater agreement was compared between the classifications as a 

whole. 

Results: Differences in interrater agreement were found for both the localisation/extension of cholesteatoma 

and ossicular chain status. STAMCO classification derived from the surgical report scored better on the 

localisation/extension of cholesteatoma, whereas the ChOLE classification derived from the surgical report 

scored better on the status of the ossicular chain. In both classifications, complication status had a low agreement 

level but was also poorly registered in the surgical reports.  

Conclusion: Both STAMCO and ChOLE will be beneficial in uniform registration of cholesteatoma pathology 

in practice. Modifications proposed for both classifications may make them even more practical applicable in 

the future. A common denominator obtained from these two classifications may be incorporated in a 

standardised surgical report to facilitate evaluation which make outcomes transferable towards both 

classifications. 

 

Introduction 

The ultimate goal for the ear surgeon in cholesteatoma care is to eradicate the disease, to prevent 

recurrent disease (a ‘safe’ ear), to create a functional self-cleaning, dry and waterproof ear, and to 

remain or restore hearing resulting in an acceptable generic and Chronic Otitis Media (COM) with 

cholesteatoma disease specific quality of life. Analysing and comparing outcomes may help to improve 

results, predict outcomes, facilitate monitoring and feedback to otologists and to facilitate the 

discussion on treatment options during preoperative counselling. To facilitate the analysis, the 

comparison of results and to evaluate outcomes, otologists must use the same terminology to describe 

cholesteatoma pathology, surgery, outcomes measures and follow-up. However, due to worldwide 

differences, clear agreement on how to describe the extension, the destruction and accompanying 

morbidity caused by cholesteatoma is scarce [1]. This makes it difficult comparing cholesteatoma 

outcomes in the literature. 

 In 2010, the Japanese Otological Society (JOS) published a paper on cholesteatoma classification and 

staging, in which they described how the middle ear and mastoid can be divided by means of the 

PTAM system and how to stage cholesteatoma based on the extension in the tympanomastoid space 

[2].  
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Recently, the European Academy of Otology and Neurotology (EAONO) collaborated with the JOS 

and published a cholesteatoma classification based on an international consensus, in which 

cholesteatoma is classified and staged by means of the STAM classification [3]. A Dutch 

cholesteatoma study, entitled the Dutch Cholesteatoma Data study (DCD), modified and implemented 

the STAM classification to STAMCO, separating complication status from cholesteatoma location(s) 

and adding the ossicular chain status [4]. Almost simultaneously, the Swiss Society of Otolaryngology-

Head & Neck Surgery introduced their classification ChOLE [5].  

The STAMCO and the ChOLE classification both have the same items in their classification structure 

namely: localisation/extension, complication status and ossicular chain status. However, there are 

some differences between these two classifications. In the location/extension component of the 

STAMCO classification cholesteatoma can originate or (residual disease can) be located in either of 

the 5 divisions of the middle ear or mastoid. In contrast, in the ChOLE classification, all 

cholesteatomas originate in the tympanic cavity from where the extension continues. Drawings 

illustrate the separate locations in STAMCO and the extension and scoring system in ChOLE. The 

time point of assessment of the ossicular chain status differs. The ChOLE classification assesses the 

ossicular chain status after surgical removal of cholesteatoma (but also after possible removal of 

affected or unaffected ossicular chain parts) but before the start of ossicular chain reconstruction. In 

STAMCO the affected number of ossicles is described, reflecting the impact of the pathology, making 

registration of the exact pathology (localisation/extension) the most important and comparable factor. 

The decision of the surgeon to remove a certain ossicle is within the O of ChOLE and not within the 

O of STAMCO. Each denominator for ossicular chain status, will have a different association with 

hearing outcome as a whole and therefore are not exactly comparable. Drawings illustrate the ossicular 

chain status in ChOLE. Lastly, the ChOLE classification has pneumatisation and ventilation of the 

mastoid as one of the items of the classification, STAMCO does not incorporate this item.  

Until now, none of the present classifications is widely adopted. One of the factors that determines the 

success of a classification is the practical applicability, because a higher practical applicability 

enhances the chance of implementation in daily practice. In order to achieve practical applicability, a 

high rate of interrater agreement between users of the same classification is demanded. This interrater 

agreement per classification can be determined by using a concordance measure such as Fleiss’ Kappa 

[6].    

Therefore, the aim of this article was to determine the practical applicability of the STAMCO and 

ChOLE classification by assessing the interrater agreement. 

Methods 

For this study, four ENT surgeons (JB, HB, PM, RJP) with 8-21 years of experience in cholesteatoma 

surgery retrospectively scored surgical reports. From now on these four ENT surgeons are called raters. 

The raters score surgical reports which were retrieved from sixteen hospital based Otolaryngology 

centres spread across the Netherlands (2 university and 14 regional medical centres) within the national 

multicentre study conducted in the Netherlands, entitled the Dutch Cholesteatoma Data study (DCD). 

After retrieval, the surgical reports were stored in the database created in Castor EDC™ (Amsterdam) 

next to demographic, surgical, control examination and follow-up data. The raters retrospectively 
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scored a total of 134 surgical reports for both the STAMCO and the ChOLE classification. They were 

simultaneously instructed before scoring in the use of the STAMCO and ChOLE classification and 

had no access to other information from the medical records of the same patient(s). Raters were aware 

of the fact that their scorings would be compared and during scoring no communication between raters 

was allowed.  

All surgical reports obtained were from cholesteatoma patients with the following inclusion criteria: 

a) >18 years of age; c) Patients who underwent surgery for primary, recurrent or residual cholesteatoma 

within the last year. Written informed consent was obtained of all patients prior to study participation. 

Other criteria for the complete study but not important for the presented data b) good Dutch language 

proficiency of patients; c) Not pregnant and able to undergo a MRI. The study was approved by the 

Medical Ethical Committee of the VU University Medical Centre, Amsterdam; the Netherlands 

(reference number 2016/997) and local approval of the board of directors was received from the 16 

participating hospitals. 

After inclusion, patients were de-identified by assigning a number code to each patient.    

STAMCO   

STAMCO was scored by means of a scoring form and the raters also had access to Figure 1. The 

STAMCO items were: 1. Description of the localisation/extension of cholesteatoma 2. The presence 

of preoperative complication status and 3. The ossicular chain status before/ at the time of the removal 

of cholesteatoma. To allocate the localisation/extension of cholesteatoma, the middle ear and mastoid 

was divided into five divisions, which are: difficult access site 1 (S1, the supratubal recess), difficult 

access site 2 (S2, the sinus tympani), tympanic cavity (T), attic (A), and mastoid and antrum (M). 

These five divisions were mentioned separately on the scoring form and the raters had to click on either 

the yes or the no box for presence of cholesteatoma in one or more divisions. Complication status 

could either be intracranial (for example: meningitis) – or extracranial (for example: facial palsy) or 

no complications (prior to surgery) present. The raters had to click either the no complication or intra- 

or extracranial box on the scoring form. The ossicular chain status was assessed in five categories (See 

Figure 1). The box of the observed ossicular chain status had to be clicked on the scoring form. 
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Figure 1: STAMCO Classification. The middle ear/mastoid is divided into five divisions (STAM). 

Complication status caused by cholesteatoma (C) can be divided into three categories and ossicular chain status 

(O) into five categories. Used with permission of the author and journal of international advanced otology. 

Merkus P, Tije FA, Stam M, Tan FML, Pauw RJ. Implementation of the “EAONO-JOS Definitions and 

Classification of Middle Ear Cholesteatoma” from STAM to STAMCO. J Int Adv Otol 2017; DOI: 

10.5152/iao.2017.4049. 

ChOLE 

From the surgical report the ChOLE items were extracted and scored according to the manual on the 

ChOLE website (https://chole.surgery accessed: 14-07-2019).  

These items were: localisation/extension (Ch), ossicular chain status at the end of surgery (O) and 

complication status (L). The degree of pneumatisation and ventilation (E) was not assessed.  

Percentage and Interrater agreement STAMCO & ChOLE 

First, degree of agreement in percentages was calculated for each of the three items in both 

classifications separately: localisation/extension of cholesteatoma, complication and the ossicular 

chain status. Localisation versus extension: In ChOLE the word “extension” is used. As they classify 

according to the growth patterns of cholesteatoma and always have the middle ear as their starting 

point. This makes this classification useful for describing primary cholesteatoma. 

https://chole.surgery/
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In the STAMCO classification the area that is affected with cholesteatoma is called “localisation”. 

This is because also a recurrent or residual cholesteatoma can be classified with this system and usually 

in cases with a residual cholesteatoma the localisation is described instead of the extension. In this 

paper, we use localisation/extension to indicate the same domain that is investigated in both 

classifications. Agreement on an item was defined as three or four raters (75 or 100%) scoring the 

same on that item of the surgical report. The degree of agreement per item in percentages was 

calculated by dividing the number of surgical reports with agreement by the total number of assessed 

surgical reports. For example, if in 90 reports out of the 134 surgical reports the majority of the raters 

agree a percentage of 67% agreement (90/134*100) is calculated for that item. Because the item 

localisation/extension of the STAMCO classification is divided into five categories, the mean was 

taken from these five categories to obtain an overall score.  

Next to this, Fleiss’ Kappa tests were performed for each item separately for both the STAMCO and 

ChOLE classification to assess the interrater agreement, taking into account the agreement that is 

expected to occur by chance. The Fleiss’ Kappa and their 95% confident intervals were calculated 

using SPSS statistical package version 24 (SPSS Inc., Chicago, IL) based on multiple raters (n=4) and 

nominal data [7]. The greater the Kappa value, the higher the interrater agreement [8]. According to 

the literature, the strength of agreement for the Fleiss’ Kappa was interpreted as poor (Kappa 

values<0); small (0.0–0.20); fair (0.21–0.40); moderate (0.41–0.60), substantial (0.61–0.80) and 

almost perfect (0.81–1.00) [9].  

Results 

From the 134 surgical reports, seven could not be analysed due to an incompleteness of the surgical 

report and were excluded. A total of 127 surgical reports were analysed by the four raters. In figure 2, 

the cohort pathology characteristics of the STAMCO classification are shown. If there was no 

agreement (agreement is when 3 or 4 raters have a similar scoring) on one or more of the categories of 

the localisation/extension item, this surgical report was excluded for this figure. In total 109 surgical 

reports had an agreement of 3 or 4 raters for localisation (85%), 119 for complication status (94%) and 

93 for the status of the ossicular chain (73%). The ChOLE classification had an agreement of 3 or 4 

raters in 96 surgical reports for localisation (76%), 113 for complication status (89%) and 113 for the 

status of the ossicular chain(94%). 
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Figure 2 a-e: Cohort pathology characteristics STAMCO. a. shows the number of patients with a (smaller) 

cholesteatoma present in 1 location (circles) and 2 locations (arrows). b. shows the number of patients with 

cholesteatoma present in 3 locations. c shows the number of cholesteatoma present in 4 locations. d. shows the 

number of patients with cholesteatoma present in 5 locations . Figure e. shows the number of each complication 

status and each ossicular chain status at the start of the surgery. 

In most cases, no agreement on the localisation/extension item in the STAMCO classification was 

observed on involvement of location T (tympanic cavity) when cholesteatoma was present in location 

A (attic/epitympanic cavity). The lack of agreement observed on the complication status were 

predominantly seen when the raters had to choose between no complication or extracranial 

complication. E.g. two of the raters scored an open semi-circular canal as no complication instead of 

an extracranial complication.  

No agreement was often observed on the ossicular status between option O2 and O1. In the ChOLE 

classification most cases with no agreement on the localisation/extension item was observed on 

involvement of the sinus tympani and/or the supratubal recess. No agreement was often observed on 

the complication status between no complications or extracranial complication. And no agreement on 
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the ossicular chain status was often observed between option O1 and O2 and between option O2 and 

O3b. 

In Figure 2 the characteristics of the cohort according to the STAMCO classification is graphically 

presented. In 15 patients cholesteatoma was present in one location (Figure 2a). No cholesteatoma was 

found solely in location S1. In total, 27 combinations of cholesteatomas present in two locations were 

identified in this cohort (Figure 2b). In addition, 23 combinations of cholesteatoma present in three 

locations and 13 combinations of cholesteatoma present in four locations were identified. In four 

patients cholesteatoma was present in all locations of the middle ear and mastoid. In 115 patients no 

complication status was reported by the raters. One ossicle missing or destroyed (O1) was the most 

observed status of the ossicular chain, followed by 2 ossicles missing or destroyed (O2) followed by 

ossicle chain intact (On).  

The level of agreement (in percentages) between the four raters, were calculated for both the STAMCO 

and the ChOLE classification, are shown in table 1. 

Table 1: Level of agreement in percentages of the three items. 

Items STAMCO ChOLE 

Localization/extension 85%  76% 

Complication status  94% 89% 

Ossicular chain status 73%  94% 

 

The Fleiss kappa scores with 95% confidence intervals were calculated for both STAMCO and the 

ChOLE classification, which are shown in table 2. 

Table 2: Fleiss kappa scores and degree of agreement on each item of both the STAMCO and ChOLE 

classification. The strength of agreement for the Fleiss Kappa was interpreted as poor (Kappa values<0); 

small (0.0–0.20); fair (0.21–0.40); moderate (0.41–0.60), substantial (0.61–0.80) and almost perfect (0.81–

1.00). 

 Fleiss Kappa Score 95% confidence interval P value 

STAMCO    

Localization/extension 0.58 (moderate) 0.50 – 0.66 (p < 0.0001) 

Complication status 0.27 (fair) 0.19 – 0.34 (p < 0.0001) 

Ossicular chain status 0.47 (moderate) 0.42 – 0.52 (p < 0.0001) 

ChOLE    

Localization/extension 0.26 (fair) 0.22 – 0.30 (p < 0.0001) 

Complication status -0.09 (poor) -0.15 – -0.03 (p < 0.0001) 

Ossicular chain status 0.65 (substantial) 0.60 – 0.70 (p < 0.0001) 

 

On localisation/extension of cholesteatoma the STAMCO classification has a “moderate” kappa score 

(0.58). This is a higher kappa score in comparison to the “fair” kappa score (0.26) of the 
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localisation/extension of the ChOLE classification. On complication status both classifications do not 

score a high level of user agreement. STAMCO scores a “fair” kappa score (0.27) and ChOLE has 

poor agreement (<0)). 

On the ossicular chain status the STAMCO classification has a “substantial” kappa score (0.65) 

compared to a “moderate” score (0.47) of the ChOLE classification. 

The P-values shown in table 2 indicate that the expected user agreement between raters is significantly 

better than would be expected by chance, thus the degree of association is better than expected. No t-

tests have been performed due to differences in the categories of all items in both classifications. 

Discussion 

The study was carried out to investigate how well cholesteatoma classification systems STAMCO and 

ChOLE are applicable to register cholesteatoma pathology in practice using a Dutch multicentre 

cohort. This practical applicability is measured by means of the interrater agreement for both the 

STAMCO and the ChOLE classification.  Although classifications like these are designed for 

prospective use, the current study may help to understand the difficulty between current practice and 

implementation of a new classification. It is in the interest of all ENT surgeons to evaluate and work 

towards a widely used classification system. Adaptations and improvements should be considered and 

tested even once a classification has been published. The results of this study should be seen in this 

light. 

From the results we can conclude that STAMCO and ChOLE are applicable to retrospectively register 

cholesteatoma pathology in practice. We will discuss each found item separately. For localisation/ 

extension STAMCO has a higher interrater agreement score compared to ChOLE. A possible 

explanation is that in the ChOLE classification all cholesteatomas originate from the tympanic cavity. 

This hinders use of the ChOLE classification in the follow-up of cholesteatoma patients with a residual 

cholesteatoma, since residual cholesteatoma can be found in any localisation separately  The 

STAMCO classification is applicable for primary, recurrent and residual cholesteatoma and is thus 

suitable for registration of cholesteatoma during follow-up. 

A second possible explanation why ChOLE scores less on localisation is the grey area between Ch 

score 1 (Middle ear) which is not very clear divided from a score 2 (Middle ear and Attic).  

STAMCO has a higher interrater agreement for complication status compared to the ChOLE 

classification, but has a lower score for ossicular chain status. These differences were not assessed 

statistically due to differences in the categories of the three items of both classifications. The lower 

score for the ossicular chain status of the STAMCO system could be due to the used ambivalent terms, 

which is either “missing” or “destructed”. The ChOLE system only has one term (‘missing’). On the 

other hand, to classify also the removed ossicle(s), in the ChOLE classification, the judgement or 

preference of the surgeon is included in the classification. Furthermore, both the STAMCO and 

ChOLE classification had a low kappa score for the complication status (the complication due to 

cholesteatoma not because of the surgery). A possible explanation for this is that the STAMCO 

classification does not contain a Cx (not identifiable) in the complication status item. It might be 

possible that if STAMCO did contain Cx, both kappa values would have been equal. If the 
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complication status is not mentioned in the surgical report, raters are not able to answer the question. 

However, reporting a complication status can indicate the impact/severity of cholesteatoma and with 

this also the difficulty of the surgery or the decisions during surgery and is therefore important 

information to report in the surgical report. In addition, retrospectively scoring complication status is 

difficult due to a low incidence of complications caused by cholesteatoma before surgery. Two of the 

raters scored a dehiscent semi-circular canal as no complication instead of an extracranial 

complication. This could have been due to misinterpretation of the terminology. The problem occurred 

with the word dehiscent, which could be interpreted as an open canal and therefore a complication or 

partly covered and therefore no complication. This is something which could be improved in standard 

classifications, through clearly defined definitions and uniformly used terminology. The degree of 

pneumatisation and ventilation (E), like in ChOLE, was not be assessed, because this was not 

mentioned in the surgical reports and is not an item of the STAMCO classification. Also infected 

versus non-infected; infiltrative versus non-infiltrative and a well-pneumatised vs poorly pneumatised 

mastoid are items of discussion to be included in a classification. For research purposes it seems 

beneficial to include these factors in the surgical files or databases, but to get a start with an accepted 

classification in all centres this may be too much ‘registration burden’ The main outcomes of 

cholesteatoma surgery are in short defined as: presence/absence of cholesteatoma; hearing outcomes 

and complaints of patients [10]. 

The most prominent limitation of the study is the retrospective scoring of surgical reports instead of 

prospective scoring, or scoring of operation videos, since scoring in a prospective manner is the 

intended method for these systems. However, it seems the best possible method to assess different 

classification systems at this moment because of the practical limitations of using two scoring systems 

simultaneously. Another drawback was the variable quality and completeness of the surgical reports, 

which was the result of using the multicentre cohort with many different surgeons. Additional studies 

to assess both classification systems prospectively are warranted, but must take note that the surgeons 

are properly instructed and are familiar with both classifications. This will result in surgical reports 

that contain the required elements for both STAMCO and ChOLE classification systems, thereby 

overcoming the above mentioned limitations of the present study. The raters in our study were equally 

experienced in the use of the STAMCO and ChOLE classification. Therefore, we assume that there 

was no bias towards the correct use of both classifications. 

Next to registration of the standard elements in the surgical report, it is of importance to register 

pathology, surgery, outcome measures and follow-up as mentioned in the introduction. The pathology 

could be registered by means of the above mentioned classifications. The surgery could be registered 

and could contain elements from the consensus-based categorization of tympanomastoid surgery 

SAMEO-ATO [11]. Outcome measures like the presence/absence of residual or recurrent 

cholesteatoma, hygienic status and hearing must be registered, but also the method used for the follow-

up. However, to have a complete picture, patient reported outcome measures (PROMs) should also be 

registered [12]. Different Health-Related Quality of Life (HR-QOL), hearing and otological 

questionnaires are available [13-17].The main reason for using the domain specific OQUA in a study 

is because of its ability to assess the impact of each complaint separately. Questions about earache, 

pressure sensation, itching, tinnitus, hearing loss, ear discharge, loss of taste and dizziness complaints 

can all be investigated separately during follow-up. It should be mentioned that the more disease 
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specific questionnaires that could have been used in this study are the two tools designed by Philips, 

which are the COMQ-12 and COMBI for chronical otitis media with or without cholesteatoma [16,17]. 

A Dutch translation of both questionnaires is available and validated [18-20]. Because of the overlap 

in questions, some language issues, and the many questionnaires already in our study we have decided 

not to use these questionnaires. Still, for future research and to assess patient reported outcomes, the 

COMQ-12 and COMBI are probably the best option in cholesteatoma care as they are widely used and 

have a high number of validated translations in different languages. To register hearing, the 

Amsterdam Hearing Evaluation Plots (AHEPs) can be very beneficial. In this plot, both bone- and air 

conduction pre- and postoperatively are presented to evaluate change in hearing after surgery. In 

addition, the safety of the procedure regarding preserving inner ear function can be assessed [21]. Next 

to HR-QOL, hearing and otological questionnaires, vestibular function should be questioned and with 

complaints further tested.  

Another limitation is within figure 2, where not all 127 surgical reports are displayed. A fair amount 

of surgical reports were excluded from the dataset to form this figure. The reason for excluding surgical 

reports to build this figure was because only the items with agreement of at least 3 raters were included. 

Therefore, combinations with agreement of the localisation/extension of cholesteatoma are displayed 

in figure 2.  

As displayed in the cohort pathology characteristics STAMCO overview, in eight cases there was no 

agreement on complication status. This could be due to the terminology that is used for complication 

status. The term ‘complication status’ could be interpreted as a complication during surgery instead of 

a complication preceding the surgery (a “complicated case” or a “complication caused by 

cholesteatoma” like a dehiscence of the lateral canal or a facial nerve palsy prior surgery). A 

modification of the term is necessary to obtain a clear definition in both classification systems. We 

propose to alter complication status into complication status caused by cholesteatoma, indicating 

complications that arise in the period preceding the surgery. 

The status of the ossicular chain is an important factor in the analysis of the hearing outcome, therefore 

this must be registered in a classification system. As mentioned in the paper of Merkus et al.[4] 

reporting the ossicular chain status is important because it reflects the impact of cholesteatoma and 

some ossicles are more important in hearing reconstruction than others. In addition, scoring this item 

makes it possible to correlate the extent of the disease with the hearing related outcomes. Due to these 

arguments the alphabetical character O was added to the STAM classification to form STAMCO [4]. 

As previously mentioned, the time point of registration of the ossicular chain status differs between 

the two classifications and may reflect two different aspects, namely the destruction of cholesteatoma 

(STAMCO) and the ossicular situation created before reconstruction (ChOLE). But there is more than 

a difference from a surgical time point. STAMCO is intended to compare cases with similar destruction 

of the ossicular chain, thus based on the extent of the pathology, whereas the ossicular chain status of 

ChOLE is a result of both the extent of the pathology as well as choices of the surgeon. There is a 

difference in interrater agreement concerning the status of the ossicles between the STAMCO and the 

ChOLE classification, but it is unknown if this leads to a good advice which ossicle status registration 

is most useful. The moderate agreement for this item of the STAMCO classification could be an 

argument for not registering the ossicular chain status when using this classification. However, the 

influence of the ossicular chain status at any of the two time points on the outcome of hearing is still 
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unclear. Adjusting the ossicular chain status item could enhance interrater agreement and with it, the 

practical applicability. First of all, a clear definition with regard to the different categories within the 

ossicular chain status should be formed. Currently, the definition of all the five categories are “missing 

or destructed” is too vague. A partially eroded ossicle is weighed in the same extent as a totally 

destructed ossicle namely O1. But a destructed incus or stapes, for example, probably has a bigger 

impact on hearing outcome than a partially eroded malleus head. Which ossicle is destructed and if 

this ossicle remainder is still useful without removal, are essential elements. An example would be the 

eroded long process of the incus, in which the complete incus could be removed or the remainder 

preserved and used in a incus stapes connection (with cement or prosthesis). Both situations could 

influence either residual rate and hearing outcomes. 

Therefore, we propose to register the ossicular chain status at these two different time points (initial 

destruction and removal), until we can correlate these data with hearing outcomes or the number of 

residual or recurrent cholesteatoma. The drawings of the destruction or missing ossicles of the ChOLE 

could be useful in this respect, as long as it represents the situation before removal of ossicles. The O1 

drawing represent two situations (long process erosion and complete incus destruction/removal), 

which could lead to two or more therapeutic options with different hearing outcomes [22,23]. To cover 

both situations both drawings will be useful as 1a (incus long process erosion), 1b (majority of incus 

destructed).The drawing of ChOLE O2 could be argued the same, although we are not aware of any 

different surgical option between both situations. The drawings of ChOLE may be added to the 

STAMCO classification to make the ossicular status more clear. 

The Fleiss kappa method chosen in this study to measure practical applicability, by means of the 

interrater agreement is suited in this situation, because the surgical reports were analysed by more than 

three raters and are chosen randomly from a large population [24]. Next to this, the level of 

measurement is nominal. A pitfall of the used technique is that in some cases it may return low values 

(poor, small, fair)  even though the percentage agreement is high [25]. For example in this study, the 

percentage agreement of the complication status is high for both classifications, but the interrater 

agreement is low (poor and fair). This is due to the fact that complication status is scored with a very 

high agreement but the Fleiss kappa test does not allow to discriminate between a perfect agreement 

and other situations. This paradox (high percentage agreement, low kappa score) can be avoided by 

using Bootstrap confidence intervals, because this allows kappa to recognize a higher inter-rater 

agreement. This might be an option for future studies with a larger cohort. In addition, raters were 

aware of their scoring being compared. It could be that a Hawthorne effect may have altered rater’s 

behaviour and may have had a positive effect on the outcomes [26].  

One of the purposes of a classification is to predict outcomes. This can be achieved by prospectively 

following-up for a long period of time, whilst registering outcome measures [27]. Correlation of these 

outcomes with the classification, allows prediction of results and facilitates the development of a 

staging system. Both the STAMCO as the ChOLE have the possibility of staging. The STAM 

classification by the EAONO-JOS is setup as a staging system. In the consensus statement it is 

mentioned that the STAM staging system reflects the severity of the disease, difficulty of complete 

removal and restoration of a normal function of the ear. But it could be that some items of the 

classification have a larger impact on staging then other items have. Because all information is 

converted into one single staging score, useful information is lost and hinders improvement of care. In 
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the study of James et al., the validity of the EANO/JOS staging system was evaluated by means of an 

international collaboration. They state that the validity of the staging system is determined by how 

complete the necessary information needed was recorded. And a lack of clear correlation between the 

stage and risk of recurrent cholesteatoma is still a limitation [28]. Thus, before staging it is important 

to gain more experience in using the classification and a longer period of registration. Therefore, we 

propose to postpone staging at this stadium in both classification systems. Next to registration, it is 

important to register the long-term outcome measures at least 5 years after surgery [29]. With these 

results, a survival analysis (disease free interval) by means of Kaplan-Meier tests can be performed to 

examine the course and recurrent character of cholesteatoma [30]. The hearing, both bone- and air 

conduction pre- and postoperatively must be registered to evaluate “safety” concerning the inner ear 

hearing status. The Amsterdam Hearing Evaluation Plots (AHEPs) could contribute in this type of 

hearing evaluation [18]. Throughout the whole follow-up period of at least 5 years checks for 

recurrence or residual must be performed by means of MRI and otoscopic consults [31]. 

Both classification systems are applicable to register cholesteatoma pathology in daily practice. After 

proposed modifications, like an altered location/extension of the ChOLE classification to also include 

residual cholesteatoma in the scoring system; an improvement of the ossicular chain status of the 

STAMCO classification by means of adding drawings of the different possible scenarios; a better 

description of pre-operative complication status in both classifications with examples, may enhance 

practical applicability even more. Next to this, further remodelling of both classification systems 

towards one universal accepted system could be done by using video recordings, pre-operative high-

quality Cone Beam CT-scans and MRI including non-EP DW MRI could be performed. If the separate 

items of both classifications are registered in the surgical report, a common denominator can be 

determined in the future. For an international database of cholesteatoma care in the future, information 

about the surgery and patient related outcomes must be registered next to studied classifications to 

register the pathology of cholesteatoma. Good examples with other disorders can be seen in work done 

by the International Consortium for Health Outcomes Measurement (ICHOM), in which a standard set 

of value-based patient-centered outcomes for this disorder are formed [32].  Recently, the Dutch ENT 

society has developed, with a Delphi consensus project, a set of outcome measures and context 

information for the registration of cholesteatoma care to create uniform data registration in the 

Netherlands. These outcome measures are 1) The presence/absence of a cholesteatoma in the first five 

years after surgical removal of cholesteatoma, 2) Hearing level after surgical removal of 

cholesteatoma, and 3) The documented assessment of patient’s complaints with a validated patient 

reported outcome measures questionnaire (PROM). Furthermore, consensus was reached on the 

registration of cholesteatoma type (residual/ recurrent), localisation and how to report the presence of 

cholesteatoma in the follow-up [10]. 

Conclusion 

A practical applicable classification system for uniform registration of the pathology is necessary to 

allow ENT surgeons to analyse outcomes, compare their results and facilitate monitoring and feedback. 

Both STAMCO and ChOLE will be beneficial in this matter, but can improve on certain aspects of the 

classification. A common denominator obtained from these two classifications may be incorporated in 

a standardised surgical report to facilitate evaluation and perhaps development of a staging system in 

the future.  



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 44PDF page: 44PDF page: 44PDF page: 44

Registration of Pathology 

~ 34 ~ 

 

References 

1.  Rutkowska J, Özgirgin N, Olszewska E. Cholesteatoma Definition and Classification: A Literature 

Review. J Int Adv Otol 2017;13: 266-71. 

2.  Tono T, Aoyagi M, Ito T, Okuno T, Kojima H, Hinohira Y, et al. Staging of middle ear cholesteatoma 

2010. Otol Jpn 2010;20:743–5. 

3.  Yung M, Tono T, Olszewska E, Yamamoto Y, Sudhoff H, Sakagami M, et al. EAONO/JOS Joint 

Consensus Statement on the Definitions, Classification and Staging of Middle Ear Cholesteatoma. J 

Int Adv Otol 2017; 13: 1-8. 

4.  Merkus P, Tije FA, Stam M, Tan FML, Pauw RJ. Implementation of the “EAONO/JOS Definitions 

and Classification of Middle Ear Cholesteatoma” from STAM to STAMCO. J Int Adv Otol 2017; 

DOI: 10.5152/iao.2017.4049. 

5.  Linder TE, Shah, Martha, Aline S, Röösli C, Emmett, SD. Introducing the ‘‘ChOLE’’ Classification 

and Its Comparison to the EAONO/JOS Consensus Classification for Cholesteatoma Staging. Otol 

Neurotol 2018; DOI: 10.1097/MAO.0000000000002039. 

6.  Fleiss, JL, Cohen J. The equivalence of weighted kappa and the intraclass correlation coefficient as 

measures of reliability. Educ. Psychol Meas 1973;33:613–619. 

7.  Zapf A, Castell S, Morawietz L, Karch A. Measuring inter-rater reliability for nominal data - which 

coefficients and confidence intervals are appropriate?. BMC Med Res Methodol. 2016;16:93. 

8.  Hartling L, Hamm M, Milne A, et al. Validity and Inter-Rater Reliability Testing of Quality 

Assessment Instruments [Internet]. Rockville (MD): Agency for Healthcare Research and Quality 

(US); 2012 Mar. Table B, Interpretation of Fleiss' kappa (κ) (from Landis and Koch 1977) Available 

from: https://www.ncbi.nlm.nih.gov/books/NBK92287/table/executivesummary.t2/. 

9.  Kundel HL, Polansky M. Measurement of observer agreement. Radiology 2003;228:303–8. 

10. ten Tije, Fleur A,  Pauw, Robert J, Braspenning, Jozé C, Hemler, Raphael J. B, ter Schiphorst, Annette 

J, Hensen, Erik F, van der Putten, Lisa, Kramer, Sophia E,  Merkus, Paul. Uniform Registration 

Agreements on Cholesteatoma Care: A Nationwide Consensus Procedure, Otology & Neurotology: 

September 2020 - Volume 41 - Issue 8 - p 1094-1101. doi: 10.1097/MAO.0000000000002770 

11.  Yung M, James A, Merkus P, et al. International Otology Outcome Group and the International 

Consensus on the Categorization of Tympanomastoid Surgery. J Int Adv Otol. 2018;14(2):216-226. 

doi:10.5152/iao.2018.5553. 

12.  Black N. Patient reported outcome measures could help transform health care. BMJ. 2013; 346: f167. 

13  Herdmann M, Gudex C, Lloyd A et al. Development and preliminary testing of the new five-level 

version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011; 20:1727–1736. 

14. Gatehouse S, Noble W. The Speech, Spatial and Qualities of Hearing Scale (SSQ). Int J Audiol. 2004; 

43(2): 85–99. 

15.  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. 2017; 

1–9. 

16.  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;38:701–7. doi: 10.1097/MAO.0000000000001366. 

17.  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):454-458. 

doi:10.1097/MAO.0000000000000205 

18.  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):291-295. 

19.  Van Dinther J, Droessaert V, Camp S, Vanspauwen R, Maryn Y, Zarowski A, Somers T, Offeciers E. 

Validity and test-retest reliability of the Dutch version of the chronic otitis media questionnaire 

(COMQ – 12). J Int Adv Otol. 2015;11(3):248–52. 

20.  Greve G, Dinther JV, Maryn Y, Vanspauwen R, Zarowski A, Offeciers E. Validity and Test-Retest 

Reliability of the Dutch Version of the Chronic Otitis Media Benefit Inventory. J Int Adv Otol. 2019 

Apr;15(1):34-37. doi: 10.5152/iao.2019.6339. PMID: 31058594; PMCID: PMC6483420. 

https://www.ncbi.nlm.nih.gov/books/NBK92287/table/executivesummary.t2/


576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 45PDF page: 45PDF page: 45PDF page: 45

Registration of Pathology 

~ 35 ~ 

 

21.  de Bruijn AJ, Tange RA, Dreschler WA. Efficacy of evaluation of audiometric results after stapes 

surgery in otosclerosis. II. A method for reporting results from individual cases. Otolaryngol Head 

Neck Surg 2001; 124: 84-9. 

22.  Galy-Bernadoy C, Akkari M, Mathiolon C, Mondain M, Uziel A, Venail F. Comparison of early 

hearing outcomes of type 2 ossiculoplasty using hydroxyapatite bone cement versus other materials. 

Eur Ann Otorhinolaryngol Head Neck Dis. 2014 Nov;131(5):289-92. 

23.  Somers, T, Van Rompaey, V, Claes, G, Salembier, L, van Dinther, J, Andrzej, Z et al. Ossicular 

reconstruction: hydroxyapatite bone cement versus incus remodelling: how to manage incudostapedial 

discontinuity. Eur Arch Otorhinolaryngol 2012;269:1095–101 

24.  McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 2012;22(3):276-282. 

25. Falotico R, Quatto, P. (2015). “Fleiss’ Kappa statistic without paradoxes.” Qual. Quant. 49:463-470. 

26.  Wickström G, Bendix T. The ‘‘Hawthorne effect’’: what did the original Hawthorne studies actually 

show? Scand J Work Environ Health 2000;26:363e7. 

27.  Walters S, Maringe C, Butler J, Brierley JD, Rachet B, Coleman MP. Comparability of stage data in 

cancer registries in six countries: lessons from the International Cancer Benchmarking Partnership. Int 

J Cancer. 2013;132:676-685. doi:10.1002/ijc.27651. 

28. James AL, Tono T, Cohen MS, et al. International Collaborative Assessment of the Validity of the 

EAONO-JOS Cholesteatoma Staging System. Otol Neurotol. 2019;40(5):630-637. 

29. Kuo CL, Shiao AS, Yung M, et al. Updates and knowledge gaps in cholesteatoma research. Biomed 

Res Int. 2015;2015:854024. doi:10.1155/2015/854024 

30.  Clark, T., Bradburn, M., Love, S. et al. Survival Analysis Part I: Basic concepts and first analyses. Br 

J Cancer 89, 232–238 (2003).  

31.  De Foer B, Vercruysse JP, Pilet B, et al. Single-shot, turbo spin-echo, diffusion-weighted imaging 

versus spin-echo-planar, diffusion-weighted imaging in the detection of acquired middle ear 

cholesteatoma. AJNR Am J Neuroradiol 2006;27:1480-2. 

32.  Porter ME, Lee TH. The strategy that will fix health care. Harv Bus Rev 2013:2–19. 

 

 

 

 

 

 

 

 

 

 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 46PDF page: 46PDF page: 46PDF page: 46

Registration of Pathology 

~ 36 ~ 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 47PDF page: 47PDF page: 47PDF page: 47

 

~ 37 ~ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

     

 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 48PDF page: 48PDF page: 48PDF page: 48

 

 

~ ~

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 49PDF page: 49PDF page: 49PDF page: 49

Registration of Surgery 

 

~ 39 ~ 
 

   Chapter 3 

Registration of Surgery  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published as:  

ten Tije, F.A., Alkema, S., van der Putten, L., Koopman, J.P., Buwalda, J., Kramer, 

S.E., Pauw, RJ., Merkus, P. Dutch Cholesteatoma Data Consortium. Evaluation of the 

SAMEO-ATO surgical classification in a Dutch cohort. Eur Arch Otorhinolaryngol. 

2021. 278(3): 653-658. 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 50PDF page: 50PDF page: 50PDF page: 50

Registration of Surgery 

 

~ 40 ~ 
 

Evaluation of the SAMEO-ATO surgical classification in a Dutch cohort 

 

Abstract 

 

Purpose: Differences in the definition and classification of cholesteatoma hinders comparing of surgical 

outcomes of cholesteatoma. Uniform registration is necessary to allow investigators to share and compare their 

findings. For many years surgical cholesteatoma procedures were divided into two main groups: canal wall up 

mastoidectomy (CWU) and canal wall down mastoidectomy (CWD). Recently, mastoid obliteration can be 

added to both procedures. Because of great variation within these main groups, the International Otology 

Outcome Group (IOOG) proposed the new SAMEO-ATO classification system to categorize tympanomastoid 

operations. The aim of our study was to correlate the mastoid bone extirpation (M-stage) with the contemporary 

(CWU, CWD with or without obliteration) system. 

Methods: Demographic characteristics and type of performed surgery were registered for 135 cholesteatoma 

patients from sixteen hospitals, both secondary and tertiary care institutions, across the Netherlands. In addition, 

the surgical reports were collected, retrospectively classified according to the contemporary system and the new 

system and compared. Correlations of the outcomes were calculated. 

Results: In total, there were 112 CWU and 14 CWD (both with or without obliteration) suitable for correlation 

analysis. Z-test for correlation between the M-stage and CWU procedure was significant for M1a and M1b  

procedure and significant for M2c with the CWD procedure.  

Conclusions: The newly proposed SAMEO-ATO classification seems to be more detailed in the registration of 

surgical procedures than surgeons currently are used to. All M-stages of the SAMEO-ATO system are 

correlating well to the standard CWU and CWD except one ‘in between’ M-stage. 

Keywords: Cholesteatoma, Surgical procedures, Classification, Registration 

 

Introduction 

The management of cholesteatoma remains a challenge for ENT surgeons around the world. 

Unfortunately, due to differences in the classification, reporting and management of cholesteatoma by 

professionals worldwide, it is difficult to compare the results of cholesteatoma treatment as reported 

in literature [1]. A classification system making uniform registration feasible is necessary to allow 

investigators to share their findings and make comparison of outcomes across different surgical 

techniques possible [2]. The outcome of the treatment of cholesteatoma depends mostly on two 

variables: ‘the characteristics of cholesteatoma’ and ‘the surgical procedure’. In the Netherlands, ENT 

surgeons often divide surgical procedures of the ear into two main groups: canal wall up 

mastoidectomy (CWU) and canal wall down mastoidectomy (CWD). In recent years, techniques like 

mastoid obliteration (MO) have been added to these procedures [3]. In the CWU procedure, the 

posterior bony ear canal is left intact keeping the ear canal and mastoid cavity separated from each 

other. During the CWD procedure, the posterior bony ear canal is removed and an open cavity remains. 

Obliteration can be combined with both procedures. It prevents the tympanic membrane from 

retracting towards the cavity, since there is no space to retract to [3].  

In practice, there is a great variation in surgical techniques used by ENT surgeons and a division into 

just ‘canal wall up’ and ‘canal wall down’ hardly covers these. The CWU/CWD classification has been 
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suggested in 1985 and adjusted in 1993 [4-5]. Many possible classifications and modifications have 

been proposed since and all were recently reviewed [2]. None of these classifications have been 

internationally accepted. To overcome this problem, the International Otology Outcome Group 

(IOOG) recently proposed a new classification system, with the acronym SAMEO-ATO. This 

classification was developed according to an international Delphi consensus method. It especially 

focuses on a system to categorize mastoid bone operations (SAMEO) and middle ear surgeries (ATO). 

The acronym stands for each subgroup of surgeries of the mastoid and middle ear namely; Stage of 

operation, Approach, Mastoidectomy procedure, External auditory canal reconstruction, Obliteration 

of mastoid cavity, Access, Tympanic membrane (TM) repair, Ossicular Chain repair and is further 

explained in Supplementary Content 1, which demonstrates the SAMEO-ATO framework [6]. This 

framework could be a very useful tool in categorizing the mastoid and middle ear surgeries, due to the 

schematic framework and very helpful drawings of the different options per procedure with 

explanatory text.  

The aim of this study was to assess the newly proposed classification system, by means of 

retrospectively comparing the M-stage of the SAMEO-ATO classification to the more common CWU 

and CWD procedures (with or without mastoid obliteration techniques) as used in the Dutch 

prospective cholesteatoma study. In addition, surgical reports were classified to the other subgroups 

of the SAMEO-ATO classification. 

Methods 

Patients 

The Dutch Cholesteatoma Data (DCD) is a nationwide multicenter study in the Netherlands. Sixteen 

secondary and tertiary care hospitals, spread across the Netherlands participate in this study. Its aim is 

to build a national database of adult patients who were operated for cholesteatoma. From March 2017 

to March 2018, 135 patients from thirteen centers were included. Three centers did not include patients 

due to organizational difficulties. Inclusion criteria were: a) 18 years of age or older; b) good Dutch 

language proficiency; c) surgery for eradication of primary, acquired or recurrent cholesteatoma. An 

exclusion criteria was: a) pregnancy. After inclusion, patients were de-identified and a number code 

was provided. This study was approved by the Medical Ethical Committee of the VU University 

Medical Center, Amsterdam (reference number NL50862.029.16). Written informed consent was 

obtained prior to study participation. 

Procedure 

A Clinical Research File (CRF) was created in which the ENT surgeons from the participating centers 

were asked to register demographic, surgical, post-op examination and follow-up data from their own 

included patients. These CRFs were added to the national cholesteatoma database created in Castor 

EDC . The ENT surgeons had to classify their surgical procedures as ‘CWU’, ‘CWD’, ‘CWU with 

MO’, ‘CWD with MO’ or ‘subtotal petrosectomy (SP)’. In addition, screenshots of the surgical reports 

without patient information were added to the CRF.  

 

Registration of the classification of the performed surgical procedure was verified with the surgical 
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report. When registration in the CRF differed from the surgical report, the assigned ENT surgeon was 

consulted to check for possible registration errors.  

All surgical reports were analyzed and retrospectively classified according to the SAMEO-ATO 

classification by two independent ENT researchers (PM, SA), using the SAMEO-ATO framework [7] 

(www.ioog.net). If it was not possible to classify a specific subgroup of the classification, this was 

marked with a question mark. An exception to this was made for the ‘mastoid bone extirpation’(M-

stage). In some cases, the described used techniques in the surgical reports were difficult to fit to the 

M-stage of the SAMEO-ATO classification (such as lateral epitympanotomy and anterior 

tympanotomy). In these cases, the assigned ENT surgeon was asked which M-stage corresponded best 

with the specific procedure that was performed. The M-stage is divided into ten stages: Mx (no 

mastoidectomy), M1a (canal wall preserved), M1b (canal wall preserved and posterior tympanotomy), 

M2a (only scutum removed), M2b (scutum removed and postero-superior canal wall removed), M2c 

(whole canal removed), M3a (subtotal petrosectomy with preservation of the otic capsula, including 

exenteration of all mastoid and middle ear pneumatized cells), M3b (subtotal petrosectomy with 

removal of the otic capsula, including labyrinthectomy and/or removal of the cochlea) and the 

combinations M1a+2a and M1b+2a.  

 

Statistical analyses 

Cross tabulations were made in order to examine the relationship between the categorical variables 

mastoid bone extirpation (M-stage) according to the SAMEO-ATO classification and the surgical 

procedure classified according to the classification system used in the study (CWU, CWU+MO, CWD, 

CWD+MO or SP). For statistical analysis, the CWU group consists of both CWU and CWU+MO. 

And CWD consists of both CWD and CWD+MO. Column proportion tests (or Z-tests) and Chi-Square 

Tests were performed in order to determine a possible correlation between the SAMEO-ATO 

classification and classification as used in the study. In the event that the expected count in a M-stage 

group was less than 5, a Fisher’s exact Test was performed. Statistical significance was set at p < 0.05. 

Statistical analysis was carried out using SPSS 24.  

 

Results 

The registration in the CRF did not match the surgical report in thirteen cases and the CRF was 

subsequently  changed after re-evaluation by the ENT researchers in agreement with the assigned ENT 

surgeon. Six cholesteatoma patients had a surgical report that was incomplete and hence could not be 

used for analyses. Therefore, these patients were excluded. In total, 129 surgical reports from 129 

patients originating from 13 hospitals were included and were analyzed and classified by two ENT 

researchers. Table 1 and figure 1 show the number of the different M-stages found in this cohort 

correlating with either CWU, CWD or SP.  

 

https://www.ioog.net/
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Figure 1: Correlation between SAMEO-ATO classification and CWU/CWD classification as used by 

ENT surgeon. On the z-axis the CWU(+MO) = canal wall up with or without mastoid obliteration is depicted 

in spotted dark-grey, CWD(+MO) = canal wall down with or without mastoid obliteration depicted in spotted 

light-grey and SP = subtotal petrosectomy depicted in black. Symbol * indicates a significant correlation with 

CWU. Symbol ** indicates a significant correlation with CWD and symbol *** indicates a significant 

correlation with SP. On the y-axis the number of the used m-stages are depicted. 

As shown in table 1 (and figure 1), Mx, M1a, M2a, M1b, M1a+2a, and M1b+2a procedures were 

only performed in reports classified as CWU. A M2c procedure was classified as CWD in all cases. 

However for a M2b procedure, there was no preferred choice for either the CWU or CWD 

procedure. A M3a procedure was only described in SP and a M3b procedure was not reported in this 

cohort. Z-test for correlation between the mastoid bone extirpation (M) and CWU procedure is 

significant for M1a and  M1b procedure. Z-test for correlation between the mastoid bone extirpation 

(M) and CWD procedure was significant for M2c. The Chi-Square tests performed for both 

correlations of CWU and CWD with the M-stages were statistical significant. However, due to a M-

stage with an expected count less than 5 (M2b procedure), a two tailed Fisher Exact Test was 

performed. These performed Fisher exact Tests were both significant: CWU (P < 0.001 ) and CWD 

(P < 0.001). 
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Table 1: M-stages versus either CWU, CWD or SP. Count and the percentage of the total number of 

performed CWU, CWD or SP  within the M classification are given. 

M-stages Number (N) and percentage (%) 

 CWU CWD SP 

Mx (no mastoidectomy) 12 (100%) - - 

M1a (canal wall preserved) 40 (100%) - - 

M1b (canal wall preserved and posterior tympanotomy) 39 (100%) - - 

M2a (only scutum removed) 7 (100%) - - 

M2b (scutum + postero-superior wall removed) 1 (50%) 1 (50%) - 

M2c (mastoidectomy with whole canal wall removed) - 13 (100%) - 

M3a (otic capsule preserved) - - 3 (100%) 

M3b (otic capsule removed) - - - 

Combination M1a+2a 7 (100%) - - 

Combination M1b+2a 6 (100%) - - 

Total 112 (86.8%) 14 (10,9%) 3 (2,3%) 

 

Next to correlating the M-stage with the currently used classifications of the surgical procedures, 

surgical reports were also scored for the other subgroups of the classification. In 95 surgical reports it 

was possible to also score the other subgroups of the SAMEO-ATO classification. However, in 34 

surgical reports it was not possible to classify every part of the SAMEO-ATO classification. Of these 

34, two surgical reports were not clear on how External bony wall repair (E) was performed, 22 times 

it was not possible to classify the Access to the middle ear (A), 5 times the Tympanic membrane 

reconstruction was not clear (T), 7 times the Ossicular reconstruction was not properly described (O) 

and in two surgical reports there were multiple elements that could not be classified. 

  

Discussion 

This study was performed to investigate the correlation between the M-stage of the newly proposed 

SAMEO-ATO classification and the better known CWU and CWD classification. The data in figure 1 

show the correlation between the M-stages (mastoid bone extirpation) of the SAMEO-ATO 

classification and classification (CWU, CWD with or without obliteration) as used in the multicenter 

study. There seems a clear correlation between almost all M-stages and the former CWU or CWD 

classification. The CWU procedures correlate with Mx (no mastoidectomy), M1a (canal wall 

preserved), M1b (canal wall preserved and posterior tympanotomy), M2a (only scutum removed) and 

the combinations M1a +2a, M1b+2a. Especially, the correlation of M2a (atticotomy/scutum removal) 

with CWU is interesting. M2 procedures are all surgeries with some degree of posterior wall removal. 

M2a is the most mild form of these surgeries and is considered by the (Dutch) ENT surgeons a 

widening of the surgical view but still a CWU procedure. The Z-test performed for correlation between 

the M-stage and CWU was only significant for M1a and M1b. This means that whenever a CWU 

procedure is performed, this is significantly more often a classified as an M1a or M1b procedure than 

when a CWD procedure is performed. M2b (mastoidectomy with superior scutum and postero-superior 

canal wall removed) was scored in only two cases. In one of them, the surgical report was classified 
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as CWU and in the other as CWD. This procedure may be considered in between CWU or CWD and 

therefore be not classifiable in the old system. A caveat however is the low number of cases in this 

series, so a definite conclusion cannot be drawn. The interpretation of the experienced ENT surgeons, 

the low number of use and the in-between status of leaving the ear canal intact or taking it away may 

indicate that M2b is regarded as an unfavorable surgical procedure. Of course there is no scientific 

evidence to support this. M2c (mastoidectomy with whole canal wall removed) is only described in 

CWD procedure and the z-test for correlation between this M-stage and CWD was significant. This 

means that when a CWD procedure is performed, this is significantly more often classified as an M2c 

procedure than when a CWU procedure is performed. The M3a procedure (SP; otic capsule preserved) 

was only described in SP. Z-tests performed were not significant for Mx, M1a+2a, M1b+2a and M2a 

procedure when analyzing CWU procedures, none of the aforementioned procedures described in the 

surgical reports were classified as CWD. In a larger series with higher numbers of these procedures, a 

significant correlation may be found. 

Retrospectively applying the complete SAMEO-ATO classification to the surgical reports was not 

(fully) possible in 34 cases, in which the majority was due to the classification of the middle ear 

procedure (ATO). In the user notes, the IOOG advises to score all subgroups of the SAMEO-ATO and 

not only one complete subgroup. These 34 incomplete surgical reports could be due to the retrospective 

application of the SAMEO-ATO classification. The IOOG recognizes in the user notes and publication 

that the SAMEO-ATO is established for prospective use and that retrospective use may be impaired 

due to incomplete previously collected data [7]. Especially the precise description of the Access to 

middle ear (A) was often not clearly described in the surgical report. Terms as ‘widening the external 

ear canal’ or ‘drilling the external ear canal’ were used often, making it difficult to differentiate 

between A1 (widening of the posterior portion of tympanic sulcus, including canal curettage or drilling 

to visualize the ossicular chain or hypotympanum) and A2 (partial or circumferential widening of the 

bony canal/canalplasty). Although surgeons seem to find canalplasty an important surgical step (this 

procedure was performed in many cases), precise description was considered less relevant for the 

surgical report. In the user notes a section is incorporated related to the Access to middle ear (A). 

However, this user notes section only describes the distinction between A2 and A3. We advise to 

incorporate in the user notes a section that describes the distinction between A1 and A2. Problems in 

classifying the ossicular chain (O) mostly occurred in recurrent or residual cholesteatomas. Ossicular 

chain reconstruction was performed during previous surgery, but the type of reconstruction was not 

mentioned in the surgical report, which made it impossible to classify. Therefore, we recommend to 

incorporate an extra acronym, for example ‘Or’ that represents revision surgery in the ossicular chain 

reconstruction section of the user notes, such as the S2r for stage of surgery. 

There were some limitations of the used methods in this study. It is important to understand that the 

multicenter database consists of a small amount of cholesteatoma patients compared to the estimated 

1700 patients that are treated annually in the Netherlands. These data can only give a first impression 

of how cholesteatoma is treated in the Netherlands. In order to get a more veracious view on the 

surgical procedures performed in the Netherlands, it is necessary to include and analyze all patients 

operated because of cholesteatoma during one year in future research. The newly proposed SAMEO-

ATO classification is much more detailed in the registration of surgical procedures than ENT surgeons 

currently are used to. By applying the classification retrospectively instead of the intended prospective 
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manner, not all surgical reports could be fully classified. This limitation is also mentioned in the user 

notes of the SAMEO-ATO. The IOOG group advises to allocate the performed procedure to the closest 

fit and register the details of differences separately. In this way, data can be generated that may 

stimulate new updates of the SAMEO-ATO classification.  

Another limitation was the registration in the CRF which led to thirteen cases that had to be re-

classified, in agreement with the assigned ENT surgeon, because of a mismatch with the surgical notes. 

A CRF and ideally an electronic patient file should register or suggest automatically from the surgical 

report a classification to register. Human error could be diminished when computer assisted 

registration is performed. 

Some of the included surgical reports in this study described a revision surgery. To distinguish between 

a primary and revision surgery when using the SAMEO-ATO, a few points must be taken into account. 

First of all, when performing a primary surgery the SAMEO-ATO must be filled in completely. When 

describing a revision surgery, the information about the previous surgery performed scored by means 

of the SAMEO-ATO must be leading. Therefore, only if the situation in the middle ear has changed, 

new information scored with the SAMEO-ATO must be described in the surgical report. Secondly, if 

the situation did not change, no new information must be registered in the surgical report, or old info 

must be quoted as unchanged. SAMEO ATO is a description of the surgical procedure, so if the chain 

reconstruction was done in the previous surgery this should not be stated as a new procedure. SAMEO 

procedure could therefore in some cases be written down without the ATO procedure. However, to 

register both new and old info in the surgical report may serve as a reference book. Otherwise the 

surgeon must read older surgical reports to be able to interpret the last surgical report. 

To improve implementation of the SAMEO-ATO in daily practice some additions in registration may 

be necessary. The user notes state that the SAMEO-ATO classification is meant to categorize surgical 

procedures but not to register the impact of a disease. Since uniform registration to aid comparison of 

surgical outcomes is the aim of the SAMEO-ATO, registering disease characteristics and outcomes 

are important too. Disease characteristics (the pathology) can be registered by means of the STAMCO 

classification for example [8]. Classification of both surgical outcomes by means of the SAMEO-ATO 

and the classification of the pathology should always be performed together. It is important to register 

data uniformly in order to improve the evidence base, compare outcomes, enhance quality and form 

guidelines [9-10]. The SAMEO-ATO is a detailed surgical classification system and this detail 

enhances the amount of information collected, is specific in describing the subgroups and therefore 

could contribute to achieve the goals of registering uniformly. The accompanying SAMEO-ATO 

framework of the different options of the subgroups is a very helpful tool in the categorization process. 

Drawings are well-defined and the additional information is clear. 

Future perspectives 

Due to the schematic overview in the registration of the surgical procedure, the SAMEO-ATO seems 

to be a good classification for uniform registration. However, the classification should evolve over 

time as it has many details which make it less user friendly. In addition, we have proposed some 

suggestions for the User Notes, that accompany the classification presented on www.ioog.net and 

https://sameo-ato.surgery, to improve the use of the SAMEO-ATO. Although it is necessary to make 

https://www.ioog.net/
https://sameo-ato.surgery/
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some modifications to the SAMEO-ATO classification to make it less user friendly, we encourage to 

use this system to internationally start registering uniformly. 

Conclusion 

An international accepted classification system for uniform registration of the surgical procedure is 

necessary to allow ENT surgeons to present their results and contribute to the development of better 

evidence and guidelines. SAMEO-ATO will be very beneficial in that manner and is much more 

detailed than the common CWU or CWD classification. Classification of the Mastoid bone extirpation 

is well comparable to the used CWU/CWD system but future research must give more insight on the 

comparability and usability of the M2b stage. Furthermore, this classification will hopefully become 

more familiar amongst ENT surgeons world-wide, and will evolve over time to become best practice 

and more user friendly. 
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Supplementary Content: 

 

 

Supplementary Content 1: Summary of the IOOG SAMEO-ATO framework. Used with permission of 

the authors and Journal of International Advanced Otology. Yung M, James A, Merkus P, et al. International 

Otology Outcome Group and the International Consensus on the Categorization of Tympanomastoid Surgery. 

J Int Adv Otol. 2018;14(2):216-226. doi:10.5152/iao.2018.5553. www. ioog.net. 

 

 

https://ioog.net/
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      Chapter 4 

Outcome measures I: Course of complaints      
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Postoperative patient reported outcomes after cholesteatoma surgery 

Abstract 

Background: Results and success measures of cholesteatoma surgery are generally described using objective 

data whereas subjective data are mostly lacking. Patients experiences and complaints are becoming more 

important alongside clinical and audiometric outcome measures in cholesteatoma care.  

Objective: To investigate the course of patient-reported complaints, the impact of complaints, audiometric 

measures and the stability of audiometric measures and complaints over time after primary and 

recurrent/residual cholesteatoma surgery.  

Methods: Postoperative patients were prospectively included and divided into primary acquired and 

recurrent/residual cholesteatoma. The EuroQol 5D (EQ-5D-3L), Otology Questionnaire Amsterdam (OQUA) 

and the Speech Spatial Questionnaire (SSQ) were completed by 144 patients up to 2 years postoperative. Patient-

reported complaints divided in eight separate domains, post-operative hearing and impact on daily life were 

longitudinally assessed by means of linear mixed models.  

Results: Hearing loss and tinnitus are the most reported postoperative complaints over time. Patient-reported 

loss of taste and the impact of all complaints declined over time. All other patient-reported complaints remained 

stable over time, only itch complaints fluctuated. Primary cholesteatoma patients scored significantly higher on 

hearing loss complaints compared to recurrent/residual patients although they had comparable mean 

audiometric hearing loss. Furthermore, pure-tone hearing threshold, instead of asymmetric hearing loss, was 

correlated with the localization domain of the SSQ.  

Conclusion: This study provides important insights in the course of complaints and its impact on daily life after 

cholesteatoma surgery. Overall, the postoperative patient-reported complaints after cholesteatoma surgery are 

generally low in the studied population.  

 

Introduction 

Most studies addressing the outcomes of cholesteatoma surgery performed so far, focused on objective 

data and less on subjective data (questionnaires). Objective outcomes used in most cases are residual 

and recurrent cholesteatoma rates and audiometric assessments. Objective results are important, but 

do not necessarily reflect the experiences and perceptions of the patient. Subjective reports and 

complaints of cholesteatoma patients may vary widely, independently of objective results. Examples 

of unpleasant symptoms that may be experienced following cholesteatoma surgery are earache, 

otorrhea, vertigo, aural fullness and/or foul-smelling ear. Moreover, cholesteatoma patients may suffer 

from functional limitations, like difficulty with speech perception in noise or problems with 

localisation of sound, due to (unilateral) hearing loss. In some cases, cholesteatoma itself or the surgery 

can lead to total deafness, chronic disbalance, facial nerve paralysis or intracranial complications. 

Presence of these problems can severely impact quality of life [1]. These complaints and symptoms 

are considered patient-reported outcomes and their impact can be measured in a validated manner by 

means of patient-reported outcomes measurement (PROM) using questionnaires. Use of PROMs may 

lead to personalized care, identifying unmet needs by assessing the burden of having a cholesteatoma 

or postoperative symptoms after removal.  
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So far, no study has focused on the course of patient reported outcomes and hearing difficulties after 

cholesteatoma surgery over time. Most research using patient reported outcomes focused on the impact 

of different surgical techniques on quality of Life (QoL) and hearing results. 

In a study by Quaranta, the QoL of patients who had either undergone a Canal wall up (CWU) or Canal 

wall down (CWD) procedure was assessed by means of the chronic ear survey (CES). Postoperative 

perceived hearing loss was the main patient reported problem directly after surgery for both techniques 

[2], but the long term hearing loss or QoL effects were not assessed. Furthermore, a study in which 

QoL was assessed and compared between three different surgical techniques, suggested that validated 

and reliable instruments should be used in clinical practice to provide an individualized postoperative 

assessment [3]. In addition, this study also investigated difficulties with individual hearing functioning 

in daily life and its impact on QoL. For this purpose, the COMQ-12 questionnaire was used to measure 

specific aspects of Chronic Otitis Media (COM) [4]. The (modified) Amsterdam Inventory for 

Auditory Disability and Handicap ((m)AIAD) to measure individual hearing functioning in daily life 

was used in the study of Meijer and colleagues [5]. Lailach and colleagues found that surgeons had 

other expectations than patients with respect to QoL after surgery. Especially hearing function seemed 

to be the worst tolerable difficulty as indicated by patients [3]. 

After surgery for primary acquired cholesteatoma, recurrent and/or residual cholesteatoma can occur, 

oftentimes requiring revision surgery. No research has been performed yet to investigate whether there 

are differences in patient-reported complaints between primary and recurrent/residual cholesteatoma 

patients. Next to the patient-reported complaints it would be interesting to investigate possible 

differences in audiometric hearing loss and the patient-reported hearing loss between these groups, 

since this is the most reported complaint by patients [2,6,7]. Additionally, cholesteatoma or its surgical 

treatment may result in hearing loss on the affected side and thus lead to asymmetric hearing (loss). 

This specific consequence has not been addressed in previous studies. More detailed information on 

the overall complaints, individual hearing functioning, including asymmetry, and impact of these 

complaints after cholesteatoma surgery is needed in order to be able to adequately counsel patients 

before and after their cholesteatoma surgery. 

The aim of the present study was to describe the course of patient-reported complaints, monitoring 

each possible complaint separately, and audiometric pure-tone thresholds after cholesteatoma surgery 

in patients with primary acquired and recurrent/residual cholesteatoma. We collected information on 

postoperative ear complaints and the stability of these complaints for a period of 2 years after surgery. 

We investigated the frequency of  complaints and whether there were any interactions with age, gender 

and disease status on these complaints over this period of time. We also investigated the impact of the 

complaints on daily life, as well as audiometric measures, patient-reported hearing loss and asymmetry 

data over a period of 2 years after surgery. 

Methods 

In total, 144 patients were included between March 2017 and March 2018 by ENT surgeons from 13 

hospitals spread across the Netherlands. These 13 hospitals are taking part in the nationwide 

multicenter study entitled the Dutch Cholesteatoma Data (DCD), to evaluate the follow-up of 

cholesteatoma patients for the duration of 2 years. Inclusion criteria for the patients were: a) 18 years 
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of age or older; b) good Dutch language proficiency; c) surgery for eradication of primary acquired, 

residual or recurrent cholesteatoma (within 11 months before inclusion). The exclusion criterion was: 

pregnancy. The second aim of the DCD multicenter study, but not addressed in this chapter, was to 

evaluate the follow-up of cholesteatoma with MRI. Hence, patients who were eligible for MRI follow-

up (and not in need for a second surgery) were mainly included in this study. Patients from the 

observational group and RCT group (second aim) were included in this study. This study was approved 

by the Medical Ethical Committee of the VU University Medical Centre, Amsterdam (reference 

number NL50862.029.16) and local approval of the board of directors was received from the 13 

participating hospitals. Written informed consent was obtained prior to study participation. 

A Clinical Research File (CRF) was created in which the demographic (age & gender), surgical, post-

op audiometric (audiometric hearing loss), post-op examination and follow-up data were registered by 

the ENT surgeon at inclusion. These CRFs were collected and stored in the national cholesteatoma 

database created in Castor EDC™ (Amsterdam, the Netherlands). Next to this, patients received an 

invitation, sent out from Castor database, to fill out a set of questionnaires 3 months post-surgery and 

every year during the 2 year follow-up period (See figure 1). These questionnaires were sent out and 

automatically added to their CRF file. This set of questionnaires included the EuroQol-5Dimension-

3Level (EQ-5D-3L), Otology QUestionnaire Amsterdam (OQUA) and the Speech Spatial Qualities of 

Hearing Scale (SSQ) questionnaires. These questionnaires are further described below. 

 
Figure 1: Timeline of follow-up measurements including outcome measures per follow-up moment. 

Audiometric measures 

Audiometry was performed with clinical audiometers according to international standards (ISO 389-

1). Pure Tone Average (PTA) was calculated as the mean of the three frequencies (0.5, 1, and 2 kHz 

thresholds; PTA-3F) and  the generally used four frequencies (0.5, 1, 2 and 4 kHz thresholds; PTA-

4F) of both the affected (operated) ear and the non-affected (‘healthy’) ear [8]. Both air conduction 

measures were included since not all participating centers collected the 4Khz threshold. Air conduction 

(AC) thresholds exceeding the maximum output level, were registered as 130 dB HL, to avoid 

unnecessary drop outs and hence missing data. In case of single sided deafness AC was registered as 

130 dB HL and 70 dB respectively. Besides this, the number of patients with asymmetric hearing loss 

for both the lower (0.5, 1, 2 Hz)  and higher frequencies (0.5, 1, 2, 4 Hz) were calculated.  The cut-off 

point for asymmetric hearing loss was more than 15 dB interaural difference between the affected and 

non-affected ear.  
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Patient reported outcome measures 

• The EQ-5D-3L measures the generic health status and respectively is used for health state description 

and evaluation. The descriptive system is measured in terms of five dimensions (5D); mobility, self-

care, usual activities, pain/discomfort, and anxiety/depression. For example, in the mobility dimension 

patients could choose from the following 3 choices: 0: I have no problems in walking about; 1: I have 

some problems in walking about and 2: I am confined to bed. The descriptive system can be used as a 

health profile or converted into an index score of 5 numbers, for example 01210.  The evaluation part 

is measured by means of a VAS scale. This VAS scale ranges from 0 “worst imaginable health” to 100 

“best imaginable health” [9].  A high EQ-5D-3L score indicates a low impact on quality of daily life, 

in other words, the higher the EQ-5D-3L score the better the quality of life. In this study we will only 

report the evaluation part. 

• The SSQ , spatial domain, covers 17 questions and measures the ability to hear and process sounds 

from different locations [10]. Scores are rated on a scale ranging van 0 to 10, corresponding to “not at 

all” to “perfect” or “equivalent”. A higher score on an item reflects a greater perceived ability to 

localize sounds. This subset of SSQ questions was selected to avoid over asking the patients’ 

willingness to answer questions. Examples of SSQ questions: You are sitting around a table or at a 

meeting with several people. You can’t see everyone. Can you tell where any person is located as soon 

as they start speaking?   

• The OQUA is a 34-item general otologic questionnaire and measures the severity and impact of ear 

complaints of patients. It covers 9 domains in total; eight domains of ear complaints and one impact 

domain. These eight domains of ear complaints are earache, pressure sensation, itching, tinnitus, 

hearing loss, ear discharge, loss of taste and dizziness. The question would be for example ”Indicate 

the severity of earache in or on your ear to the line below”. The 5-point Likert scales answer options 

ranges from “(almost) never” to “(almost) always” and determines the frequency of the complaints 

respectively. For example, “I have an itch in or on my ear”. For each complaint domain, a higher score 

indicates more complaints.  Each domain item is accompanied by a visual analogue scales (VAS) 

assessing the impact of each complaint. The VAS scale consists of a continuous line with variables 

varying from ‘no complaint’ to ‘extreme complaint’, for example ‘no pain’ to ‘extreme pain’, to 

determine the severity of the complaint. Also a higher impact score indicates a higher impact of all ear 

complaints on daily life. Each domain has a score between 0-100 [11,12]. The calculation of each 

domain score is depending on the number of questions of each domain: both the Likert questions and 

the VAS scale will be calculated to a score between 0 – 10.  

The product of these two (frequency x severity) being the final domain score (per complaint) from 0-

100 [12]. 

Statistical analyses 

Disease status was classified in two categories according to the disease status at initial surgery; primary 

acquired or residual and recurrent cases combined. The residual and recurrent cases were grouped 

together due to the relatively small number of patients (residual N = 9 and recurrent N = 40). Data of 

the follow-up period were analyzed, to determine the course of the specific complaints and self-

reported hearing loss. Linear mixed models were estimated to investigate changes over time, including 
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fixed effect for time and a random intercept for subject. First, each of the 8 patient-reported complaint 

domains and the impact domain of the OQUA questionnaire was analyzed for a possible relationship 

for time over a period of 24 months of follow-up and with possible effect modification for disease 

status, sex and age (as a continuous variable). Effect modification was investigated by adding the 

potential modifier and its interaction with time to the linear mixed model. This was also performed for 

the EQ-5D-3L and SSQ scales separately. Besides, the audiometric hearing loss (PTA-3F & PTA-4F) 

was analyzed for a possible relationship over a period of 24 months of follow-up with possible 

interaction for disease status, sex and age. Finally, the asymmetric hearing loss was correlated with the 

SSQ outcomes during the postoperative period. Statistical significance was set at p < 0.05 and all 

statistical analyses were carried out using SPSS 24.  

Results 

In total 144 patients were included in the statistical analyses. Of the 144 included patients, 89 patients 

completely filled out the surveys at both 1 year and 2 years after surgery. Of the remaining 55 patients 

that did not filled out both surveys, 25 have only completed the survey at year 1 not at year 2 and 30 

only completed the survey at year 2 and not at year 1. These can be considered as dropouts, but by 

using a linear mixed model we were able to deal with missing data without the use of imputations. Of  

the 55 patients, 2 had a distinct reason, for the other 53 patients the reason for not completing both 

surveys is unclear. The patient characteristics of these patients are shown in table 1. 

Table 1: Patient characteristics of cholesteatoma patients in the study. 

 N % 

 144 100% 

Months of follow-up 24 months (15-24)  

Sex 90 male 63% 

Mean Age (Years) 48 (18-84)  

Disease status 95 primary 

40 recurrent 

9 residual 

66% 

28% 

6% 

Affected side 73 right 

 

51% 

 

Mean overall (PTA 3F/4F) for the affected ear 

during 24 months 

36.6 dB HL / 39.1 dB HL  

Mean number of patients with Asymmetric 

hearing loss (3F/4F) during 24 months 

48 / 42  

Number of Ossicular chain reconstruction 

performed 

5 3% 

 

OQUA 

The OQUA was analyzed for each of the 9 domains separately, see table 2. The OQUA scores ranged 

from 0-100 and in this postoperative study many scores remained low on average. The most reported 

complaint is hearing loss and tinnitus. 

For the following complaint domains significant changes during the postoperative period for the whole 

group were found: Itch, self-reported Hearing loss, Loss of taste and the Impact domain. 
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The score of the Itch domain slightly increases at T=12 months (more complaints) but decreases at 

T=24 months (p=0.049). The scores of the self-reported Hearing loss, Loss of taste and Impact domains 

decreases significantly (p=0.001, 0.047, 0.001 resp. ) during the postoperative period, which means 

that the reporting of the complaints decreased over time. Next to this, effect modifications for sex 

(males show a slight increase in reporting of hearing loss but this stabilizes around T=24 months, 

females show an increase on T=12 and T=24 months; p=0.039), disease status (primary cholesteatoma 

patients first report more hearing loss complaints at T=12 months, but this decreases at T=24 months, 

for recurrent/residual cholesteatoma this is the other way around; p=0.036) and age (more hearing loss 

complaints with higher age; p = 0.005) were present for the Hearing loss domain.  

No significant results were obtained for the Earache domain, Feeling of pressure domain, Itch domain, 

Tinnitus domain, Ear discharge domain and the Dizziness domain. 

EQ-5D-3L 

Results of the EQ-5D-3L showed that there was no change in the mean EQ-5D-3L during the 

postoperative period (See table 3). No effect modifications for disease status, gender and age were 

found.  

Table 2: OQUA scores per follow-up measurement point and per disease status. Scores (with standard 

deviations and mean score) of both primary and recurrent/residual cholesteatoma are shown. Higher scores 

indicates more complaints. Significant difference during the overall postoperative period and between primary, 

recurrent/residual cholesteatoma is indicated in bold, significant results are further explained in the text. 

OQUA Group T=3  

Months 

T=12 

months  

T=24 

months  

p-

value1 

N=121 N=121 N=65 

mean SD Mean SD mean SD 

Earache Total 6.4 10.9 6.0 10.4 5.8 10.9 0.32 

Primary cholesteatoma 4.7 7.9 4.5 8.4 4.7 5.9 0.96 

Recurrent / residual 

cholesteatoma 

9.4 14.5 8.9 12.9 7.1 15.1 

Pressure 

sensation 

Total 9.2 14.3 10.1 16.4 9.4 14.5 0.50 

Primary cholesteatoma 7.9 14.3 8.5 15.4 9.1 14.0 0.92 

Recurrent / residual 

cholesteatoma 

11.5 14.2 12.9 17.8 9.7 15.3 

Itch Total 9.1 13.4 9.7 14.5 8.6 11.6 0.049 

Primary cholesteatoma 7.0 11.4 7.8 13.0 8.3 12.1 0.94 

Recurrent / Residual 

cholesteatoma 

12.8 16.1 13.2 16.6 8.9 11.1 

Tinnitus Total 20.4 25.5 21.3 25.7 22.4 23.5 0.39 

Primary cholesteatoma 16.3 22.0 17.7 22.4 20.1 19.4 0.69 

Recurrent / residual 

cholesteatoma 

28.0 29.7 28.0 30.0 25.1 27.7 

Hearing 

loss 

Total 19.0 11.3 15.3 9.4 17.8 11.8 0.001 

Primary cholesteatoma 19.1 11.2 15.9 9.8 21.7 13.2 0.036 

Recurrent / residual 

cholesteatoma 
18.6 11.7 14.1 8.4 13.1 7.9 
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Ear 

discharge 

Total 1.7 4.5 2.2 6.7 2.4 6.2 0.71 

Primary cholesteatoma 1.5 3.9 2.1 7.6 2.9 7.8 0.78 

Recurrent / residual 

cholesteatoma 

2.2 5.5 2.4 4.8 1.9 3.7 

Loss of 

taste 

Total 7.7 16.6 5.2 13.6 3.8 11.8 0.047 

Primary cholesteatoma 8.8 17.7 5.8 14.1 2.8 7.6 0.07 

Recurrent / residual 

cholesteatoma 

5.8 14.4 4.2 12.7 4.9 15.6 

Dizziness Total 6.9 13.6 8.0 15.6 5.5 10.2 0.052 

Primary cholesteatoma 6.2 13.8 6.2 14.4 5.8 11.5 0.066 

Recurrent / residual 

cholesteatoma 

8.3 13.4 11.4 17.2 5.0 8.6 

Impact Total 15.1 14.6 14.3 15.2 11.0 11.5 0.001 

Primary cholesteatoma 12.8 12.7 12.1 12.8 9.5 7.4 0.48 

Recurrent / residual 

cholesteatoma 

19.3 16.9 18.3 18.4 12.8 15.0 

1for total group the p-value assesses change over time for the whole group; for disease status the p-value 

assesses difference in change over time between the groups 
Note that due to missing values, number don’t always sum up to 144. 

 

Table 3: EQ-5D-3L score per follow-up measurement point and per disease status. Mean scores per follow-

up measurement point are shown for both primary and recurrent/residual cholesteatoma with their standard 

deviations. A higher score on the EQ-5D-3L indicates a lower impact, whereas a lower score indicates a high 

impact.  

EQ-5D-3L T=3 months (N=123) § T=12 months (N=123) T=24 months (N=66) 

Primary  78.7 (SD 14.7) 80.7 (SD 11.0) 78.1 (SD 11.9) 

Recurrent/residual  74.9 (SD 15.4) 76.4 (SD 16.7) 74.1 (SD 20.7) 

Note that due to missing values, number don’t always sum up to 144. 

SSQ 

The SSQ showed that patients with a worse hearing threshold (both PTA-3F and PTA-4F) reported a 

lower localisation ability compared to patients with a better hearing threshold. Next to this, a difference 

in reporting on the SSQ was found between patients with a different disease status. Primary 

cholesteatoma patients have a better localisation ability compared to the recurrent/residual 

cholesteatoma patients (See table 4). There was no effect modification of the degree of asymmetric 

hearing loss on the SSQ.  
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Table 4: SSQ score per type of cholesteatoma. Mean spatial scores obtained from the SSQ questionnaire are 

shown per follow-up measurement point for both primary as non-primary cholesteatoma with their standard 

deviations. The higher the SSQ spatial score the better the ability to localize sound. A significant difference was 

observed between primary and non-primary *. 

SSQ T=3 months(N=119) § T=12 months (N=117) T=24 months (N=67) 

Primary (n=95)* 5.7 (SD 7.7) 5.6 (SD 2.1) 5.7 (SD 2.1) 

Non-primary (n=49) 4.6 (SD 7.9) 4.6 (SD 2.4) 4.4 (SD 1.9) 
Note that due to missing values, number don’t always sum up to 144. 

 

Audiogram PTA LF and HF  

The audiometric measured hearing loss (PTA) was analyzed for the duration of the postoperative 

period for the affected and non-affected ear separately. No significant results between each moment in 

time during the postoperative period were found (See table 5 and Supplemental Content 1). The 

average objective audiometric data showed a difference between 10 to 17 dB HL comparing the 

operated affected side and the non-operated ear in the 3 or 4 frequencies average PTA scores at 3 and 

24 months. 

We did not find that with increasing age audiometric hearing thresholds/PTA-3F/PTA-4F is/are/get 

worse (p = 0.64). Five out of the 144 patients underwent ossicular chain reconstruction surgery during 

the first year of follow-up. We also investigated the group without these five patients for possible 

effects of this surgery on the hearing outcomes and hearing loss domain of the OQUA. However, no 

effects after analysis were found when these patients were excluded. 

Table 5: Overall PTA 3F ( lower three freq)/ PTA 4F (four frequencies) dB. The mean PTA for both the 

lower, 3F (0.5, 1 2, Hz) and higher frequencies, 4F (0.5, 1 2, 4 Hz) are shown per follow-up measurement point 

and for both the affected and non-affected ear. The difference between the affected and non-affected ear in 

hearing (PTA) remains post-operative 10-17dB HL on average.  

 T=3 months (n=144) T=12 months (N=93)§ T=24 months (N=11)§ 

Affected ear 

(3F/4F) 

39.1 dB HL  / 40.4 dB HL 

(SD 22.8 / 22.4) 

36.0 dB HL  / 39.1 dB HL 

(SD 21.6 / 21.9) 

34.7 dB HL / 37.7 dB HL 

(SD 17.3 / 19.6) 

Non-affected ear 

(3F/4F) 

22.8 dB HL  / 24.5 dB HL 

(SD 17.4 / 18.4) 

22.1 dB HL  / 25.4 dB HL 

(SD 16.5 / 17.9) 

26.1 dB HL  / 26.9 dB HL 

(SD 17.3 / 16.7) 

§Note that due to missing values, number do not always sum up to 144. 

 

More than half of the patients suffered from asymmetric hearing loss, which is defined as an 

interaural difference of more than 15 dB between the affected and none-affected ear (See table 

Supplementary Content 2). 

Discussion 

This study was performed to investigate the course of postoperative ear and hearing complaints 

reported by cholesteatoma patients. Hearing loss and tinnitus are the most reported complaints over 

time and more than half of the patients have asymmetric hearing loss. The loss of taste and the impact 

of all complaints decrease over time. Most other reported complaints remain stable over time, except 

for the itching domain which is fluctuating in reported score.  
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All ear complaints, as domains of the OQUA questionnaire, were analyzed separately. Next to the 

hearing loss and tinnitus complaints, objective hearing data were also taken into account to weigh the 

value of the questionnaires results on hearing. The average objective audiometric data showed a 

difference between 10 to 17 dB HL comparing the operated affected side and the non-operated ear in 

the 3 or 4 frequencies average PTA scores at 3 and 24 months (Table 4). Moreover, more than half of 

all patients in our study suffer from asymmetric hearing loss (interaural difference > 15dB). 

Remarkably, the localization ability reflected in the SSQ score shows a correlation with an overall 

worse hearing threshold (PTA) and not with increasing asymmetry measured with interaural 

difference. This is in contrast with the correlation found by Moulin & Richard, 2016 [13]. They found 

a strong correlation in hearing impaired subjects between their hearing loss asymmetry and the spatial 

SSQ score. They claim that hearing loss asymmetry is a good predictor for the spatial domain of the 

SSQ [13]. Our cohort, does not support this finding. A possible explanation for not finding a significant 

correlation between asymmetric hearing loss and the spatial domain of the SSQ is that a higher 

threshold overrules the asymmetric hearing. Which means that if patients have a low level of hearing 

loss, the asymmetry between both ears would matter more for localization compared if the lever of 

hearing loss would be high. Further research is necessary to determine the true value of the spatial 

domain of the SSQ questionnaire. In our postoperative cohort we found no significant influence of the 

disease status on audiometric hearing loss. However, we found that the patient-reported hearing loss 

by means of the OQUA was worse in patients with primary cholesteatoma, possibly because of the 

impact of having their ‘first’ cholesteatoma surgery, expecting a better result of it. One would expect 

that recurrent/residual cholesteatoma would have a significant influence too on hearing loss 

complaints. But the fact that no significant effect was found, could indicate that patients are already 

used to their level of hearing loss. Still, literature remains controversial on this topic and different 

methodologies do complicate comparison [14]. 

Patients reported less loss of taste complaints in the course of the postoperative period. This finding is 

in line with most surgical preoperative brochures and in line with the report by Kiverniti & Watters, 

who have shown that most taste problems resolve after surgery and most patients are not aware of 

long-term disturbances [15].  

Finally, no differences were found on the EQ-5D-3L scores between disease status, gender or age. 

This is one of the few studies that investigated the post-operative course of complaints in a 

cholesteatoma patient cohort using outcome questionnaires, like the SSQ spatial domain, the EQ-5D-

3L and the OQUA questionnaire. Subjective data analysis in cholesteatoma patients has been done 

previously with the COMQ-12 questionnaire [16,17]. A study in pediatric patients used the chronic 

otitis media-5 (COM-5) to analyze the QoL [18]. The OQUA questionnaire is developed to obtain 

insight in all relevant types of otology complaints and their impact on daily life. The group that 

developed the questionnaire showed that this questionnaire is a good generic otology questionnaire 

[12]. In their cohort, 8 patients with cholesteatoma were represented. They found a higher pre-

operative impact score compared to the post-operatively impact score, the latter showed a decrease in 

complaints being comparable to our results post-operatively. It must be noted that the score of all 

OQUA domains are lower compared to the post-operative scores of Kraak et al. Still, the average 

impact score was also lower in our cohort compared to the (small) cohort of Kraak et al., Impact scores 

Kraak: 20-64, our cohort: 15.1 SD 14.6. This implies that impact and complaints in the OQUA seem 
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well correlated and postoperative outcomes of individuals and small cohorts, like ‘the Kraak cohort’, 

could be variable and could exceed the presented results. A study that also investigated QoL by means 

of the Glasgow Benefit Inventory (GBI) found a correlation with improved hearing and/or drainage 

[19]. The GBI is also a Health Related Quality of Life (HRQoL) tool, comparable with the EQ-5D-

3L, but can be adjusted to specific interventions  like ear surgery. The HRQoL results in our study 

were gathered with the EQ-5D-3L, but resulted in no significant results. This lack of correlation is 

probably due to the lack of specificity in the hearing and ear domain of the EQ-5D-3L.  

A major limitation of this study is that pre-operative complaints were not assessed. This limitation is 

due to the setup of this multicenter study in the Netherlands. The study was designed to compare 

follow-up by means of diffusion-weighted MRI to follow-up by means of second look surgery.  

Therefore, the patients were included in the study after surgery. Patients were asked to fill out the 

questionnaire after surgery. To obtain the full picture of complaints due to cholesteatoma it would be 

helpful to have subjective and objective data prior to surgery as well. On the other hand, more insight 

in the course of complaints after surgery is important information for patients during counselling. Not 

only the risk of recurrence but also the other long term results (complaints) are essential. Another 

limitation are the missing OQUA values at 3 years or later and due to design of the study it may be 

that the inclusion criteria caused a bias and therefore not completely representative for all patients with 

cholesteatoma. Not all 144 patients have fully completed both questionnaires and we encountered 

missing data. Therefore, we used a linear mixed model, which is suitable when having missing data 

and in which the use of imputations is not necessary. Next to this, using a linear mixed model has a 

beneficial effect on the power of the statistics, because it deals with the missing data. We performed a 

post hoc power analysis which had the following results: When a comparison is made between the 95 

primary cholesteatoma patients and the 49 recurrent/residual cholesteatoma patients, we have a power 

of 80% of finding an effect size of 0.5 for a 2-sided alpha of 0.05. For the comparison for the whole 

follow-up period of 2 years for all 144 patients, we have a power of 80% for a paired effect size of 

0.24 (change within patients). For a comparison per group we have an effect size of 0.41 within the 49 

recurrent/residual patients and an effect size of 0.29 for the 95 primary cholesteatoma patients. 

We have chosen the EQ-5D-3L for economic evaluation, but for just quality of life measurement 

another questionnaire could have been used, like the Glasgow Health Status Inventory (GHSI) or GBI. 

Also the OQUA was used, whereas others use the COMQ-12 to evaluate cholesteatoma patients 

[17,20].  We have deliberately chosen the OQUA as a generic otologic questionnaire usable in all kinds 

of ear pathology evaluation and designed for pre-and postoperative measurements. The reason to 

choose this questionnaire is to have an overview of all eight complaints and not just four domains 

(otorrhea, hearing loss, tinnitus and dizziness) as in the COMQ-12. Furthermore, the OQUA offers a 

separate complaints and a separate impact domain, which could be used next to the gross measure of 

quality of life in the EQ-5D-3L. The last reason to choose the OQUA was the possible comparison 

between cholesteatoma patients and patients with other ear diseases, which is more beneficial in the 

value-based health care set-up of patients with oto-audiologic complaints. However, the weighting 

factor of the different domains, to further balance scores between domains, still has to be determined 

in the future. For example, an itching score of 30 can have a different impact compared to a tinnitus 

score of 30. And clinical cut-off points, within each domain of the OQUA, could also improve this 

questionnaire in the evaluation of several ear diseases. 
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Conclusion 

This is the first study that investigated the course of complaints and their impact on daily life up to 2 

years after cholesteatoma surgery. Postoperative patient-reported complaints after cholesteatoma 

surgery remained stable over time, except loss of taste which resolves after surgery. Hearing loss and 

tinnitus are the most reported complaints after cholesteatoma surgery. More than half of the patients 

had asymmetric hearing loss and experienced localization problems. Although the complaints 

remained stable over time, the impact of those ear complaints decreased over time. The general quality 

of life also remained stable over time. This insight can benefit counselling of cholesteatoma patients 

prior surgery, and the OQUA questionnaire enables to focus on specific disease related complaints 

separately. 
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Supplementary Content 

Supplementary  Content 1: Overall PTA 3F (lower freq)/ PTA 4F (four frequencies) dB per disease status. 

The mean overall PTA for both the lower three (0.5, 1 2, Hz) and four frequencies (0.5, 1 2, 4 Hz) are shown 

per follow-up measurement point and for both primary as recurrent/residual cholesteatoma. No differences in 

hearing (PTA) are found between primary and recurrent/residual cholesteatoma and hearing remains stable over 

time. §due to missing values, number do not always sum up to 144. 

 T=3 months (N=144) T=12 months (N=93) T=24 months (N=11) 

Primary (N= 95) 30.6 dB HL / 32.2 dB HL 

(SD 15.8 / 16.4) 

28.0 dB HL  / 31.1 dB HL 

(SD 16.2. / 16.7) 

31.3 dB HL  / 33.2 dB HL 

(SD 11.9 / 13.0) 

Non-primary (N= 

49) 

31.4 dB HL  / 32.0 dB HL 

(SD 16.1 / 16.0) 

31.2 dB HL  / 46.8 dB HL 

(SD 14.9 / 72.4) 

27.8 dB HL / 30.0 dB HL 

(SD 20.1 / 22.1) 

- Residual 

(N=9) 

31.9 dB HL/ 29.8 dB HL 

(SD 16.8 / 16.4) 

30.3 dB HL / 32.9 dB HL 

(SD 11.7 / 13.5) 

No data available 

 

- Recurrent 

(N=40) 

31.4 dB HL / 32.4 dB HL 

(SD 16.8 / 16.4) 

31.4 dB HL / 49.8 dB HL 

(SD 15.7 /79.4) 

27.8 dB HL / 30.0 dB HL 

(20.1 dB / 22.1 dB) 

 

Supplementary Content 2: Number of patients with asymmetric hearing loss. The number of patients with 

asymmetric hearing loss for both the lower three (0.5, 1, 2 Hz)  and higher four (0.5, 1, 2, 4 Hz) frequencies are 

shown per follow-up measurement point. The cut-off point for asymmetric hearing loss is more than 15 dB 

interaural difference between the affected and non-affected ear. More than half of the patients suffer from 

asymmetric hearing loss.  

Asymmetric hearing loss  

(> 15dB interaural difference) 

T=3 months 

(N=144) § 

T=12 months 

(N=93) 

T=24 months 

(N=11) 

Total N:      PTA-3F /  PTA-4F 85 / 71 54 / 51 5 / 5 

Total %:      PTA-3F /  PTA-4F 59% / 49% 58% / 55% 45% / 45% 

§ Due to missing values, number do not always sum up to 144. 
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Chapter 5 

Outcome measures II: Hearing 
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The relationship between the ossicular chain status and improvement of hearing levels in 

cholesteatoma patients 

Abstract 

Background: Cholesteatoma is associated with hearing loss, mostly due to ossicular chain defects. The status 

of the ossicular chain pre- and postoperatively and the ossicular chain reconstruction (OCR) procedure 

performed determines postoperative hearing.  

Objective: To determine the relationship between the ossicular chain status both prior to cholesteatoma removal 

and before OCR, with the postoperative hearing. In addition, the effect of OCR procedures on postoperative 

hearing were assessed.  

Methods: A total of 144 patients were included in this multicentre study. Differences in the postoperative air-

bone gap between the different ossicular chain status (number of affected ossicles), classified according to the 

STAMCO and ChOLE system, were tested with Kruskal-Wallis tests. The effect of different OCR procedures 

in patients with the same ossicular chain status was also assessed. Lastly, staged reconstruction was compared 

to primary reconstruction.  

Results: The results show that the ChOLE classification is significantly associated with the postoperative air-

bone gap. This result was not found for the STAMCO classification. No  significant difference was found 

between different OCR procedures in patients with the same ossicular chain status for the postoperative air-

bone gap. The choice to perform a staged OCR has no significant effect on the hearing results.   

Conclusion: The O-status of the ChOLE classification correlates well with the postoperative air-bone gap, 

whereas the O-status of the STAMCO classification does not. No significant results were obtained for the other 

research questions. Future studies on the influence of ossicular chain status in combination with specific types 

of OCR procedures on postoperative hearing are warranted. 

 

Introduction 

Hearing loss is one of the most frequently reported complaints by cholesteatoma patients before and 

after surgery [1,2]. In most cases, it is the result of destruction and loss of continuity of the ossicular 

chain, hindering transduction of sound and in addition the compression of cholesteatoma sac and 

surrounding mucosal inflammation.  

The most commonly used method to measure hearing is by means of pure-tone audiometry. During 

this measurement both bone conduction and air conduction are measured. Outcomes of these 

measurements are expressed in decibel hearing level (dB HL) for different frequencies (Hz). Pure tone 

average (PTA) is a measure to indicate hearing loss and can be derived from the mean threshold of 

both air and bone conduction for the low frequencies (3F; 0.5; 1 and 2 kHz) and high frequencies (4F; 

0.5,1, 2 and 4 kHz). The difference in air and bone conduction reflects the overall conductive hearing 

loss and is called Air-Bone Gap (ABG). Unlike air conduction threshold levels, the ABG is not 

influenced by change in sensorineural hearing. Hence, ABG is a frequently used measure to assess the 

effect of ossicular chain reconstruction (OCR).  



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 81PDF page: 81PDF page: 81PDF page: 81

Outcome measures II: Hearing 

 

~ 71 ~ 
 

Destruction or loss of continuity in the ossicular chain may result in moderate to severe conductive 

hearing loss up to 60 dB [3].  

Factors that are thought to influence the postoperative hearing include preoperative hearing level and 

the severity of the disease (number of affected ossicles) [4], type of operation [5], type of reconstruction 

and type of tympanoplasty performed. Other factors that are also thought to affect the postoperative 

hearing are the materials used for reconstruction [6-8], other diseases effecting the ear [9] and 

sensorineural hearing loss caused by drilling or other surgical manipulations [10-12].  

It is possible and often feasible to perform an OCR procedure in order to restore the transduction of 

sound. The purpose of an OCR is to reduce the ABG. Several studies showed that reconstruction of 

the ossicular chain improved the postoperative hearing level and reduced the ABG [13-17]. However, 

these studies are difficult to compare, because of differences in the pre-operative ossicular chain status 

and differences in severity of the disease [18]. For example a case with only small erosion of the long 

process of the incus needs less reconstruction than a case with a complete absence of the chain. And a 

case in which the ossicular chain is intact but cholesteatoma is present in the anterior epitympanic 

space may require removal of the malleus head. Therefore, it would be beneficial to uniformly report 

on the status of the ossicular chain, cholesteatoma extension and the OCR method to allow comparison 

between studies. A classification system to register ossicular chain status next to cholesteatoma 

extension and OCR techniques in a standardized way could be helpful to achieve this goal. 

To date, no studies have been performed that investigated the effect of the status of the ossicular chain 

on postoperative hearing, assessed both prior to cholesteatoma removal and prior to chain 

reconstruction. These two time points to assess ossicular chain status are reflected in the two most 

recent cholesteatoma classifications STAMCO (prior to cholesteatoma removal) and ChOLE (prior to 

OCR) [19-20]. Both points in time have pros and cons. The state of the ossicles prior to cholesteatoma 

removal reflects the destruction of cholesteatoma without any surgical interference. It is useful when 

comparing similar pathologies and their solution, without reflecting surgical preference or technical 

incorporation.  

Registration of the ossicular status prior to OCR is thought to give a much better predicable outcome 

in terms of hearing outcome. 

The aim of this study was to determine the relationship between the ossicular chain status at these two 

time points, and ABG change. In addition, the effect of different OCR procedures on the postoperative 

ABG change was assessed in patients with the same ossicular chain status. 

Methods 

In total, 144 patients were included between March 2017 and March 2018 by ENT surgeons from 13 

hospitals spread across the Netherlands. These 13 hospitals are taking part in the nationwide 

multicentre study entitled the Dutch Cholesteatoma Data (DCD) [21-22], to evaluate the follow-up of 

cholesteatoma patients for the duration of 2 years. Inclusion criteria for the patients were: a) 18 years 

of age or older; b) good Dutch language proficiency; c) surgery for eradication of primary acquired, 

residual or recurrent cholesteatoma (within 11 months before inclusion). The exclusion criterion was: 

pregnancy. The second aim of the DCD multicentre study, but not addressed in this paper, was to 
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evaluate the follow-up of cholesteatoma with MRI. Hence, patients who were eligible for MRI follow-

up (and not in need for a second surgery) were mainly included in this study. This study was approved 

by the Medical Ethical Committee of the VU University Medical Centre, Amsterdam (reference 

number NL50862.029.16) and local approval of the board of directors was received from the 13 

participating hospitals. Written informed consent was obtained prior to study participation. 

A Clinical Research File (CRF) was created in which the ENT surgeons from the participating centres 

were asked to register demographic, surgical, post-op examination and follow-up data from their own 

included patients. These CRFs were added to the national cholesteatoma database created in Castor 

EDC (Amsterdam). For the current study, pre- and postoperative audiograms, surgical reports and 

performed OCR were extracted from the database. 

Audiometric measures 

Pure tone audiometry was performed with clinical audiometers according to international standards 

(ISO 389-1). Pre- and postoperative ABGs were derived from the pre- and postoperative audiogram 

8-16 weeks and 1 year after surgery according to the protocol. This was done for the pooled low 

frequencies (3F; 0.5,1 and 2 kHz) and high frequencies (4F; 0.5,1 2 and 4 kHz) for both ears separately 

[23]. Air conduction (AC) thresholds exceeding the maximum output level, were registered as 130 dB 

HL and Bone conduction (BC) thresholds exceeding the maximum output level, were registered as 70 

dB, to avoid unnecessary drop outs. In case of single sided deafness AC and BC were registered as 

130 dB HL and 70 dB respectively. 

Scoring of the ossicular chain status 

For this study, four ENT surgeons (JB, HB, PM, RJP) with 8-21 years of experience in cholesteatoma 

surgery retrospectively scored the ossicular chain status according to both the STAMCO (prior to 

cholesteatoma removal) and the ChOLE classification (after cholesteatoma removal, but before OCR) 

extracted from the surgical reports. In the remaining study results and discussion these four ENT 

surgeons are called ‘raters’. The ossicular chain status of the STAMCO is divided into 4 categories: 

On, O1, O2 and O3 and ChOLE into 7 categories: O0, O1, O2, O3a, O3b, O4a or O4b. The ossicular 

chain status of the STAMCO reflects the damage inflicted by cholesteatoma, whereas in the ChOLE 

this reflects the status before OCR [19-20] (See supplementary figures 1 & 2).  

Statistical analysis 

Postoperative hearing stability 

First, it was determined whether hearing remained stable between the first postoperative measurement 

at 8- 16 weeks and the 2nd measurement at 1 year after surgery. In the group of patients that underwent 

audiograms at both time points (n=50), PTA of the AC thresholds for the low frequencies (3F) and 

high frequencies (4F) of the affected ears were calculated and compared using a Wilcoxon signed-rank 

test. If no difference was found between the two time points, it was assumed that hearing remained 

stable in the entire study population during the first postoperative year. In that case, the last available 

postoperative audiogram (8-16 weeks or 1 year after surgery) was used for further statistical analysis. 

This was relevant because 95 of the 144 patients underwent only 1 postoperative audiometric 

measurement.  
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Subsequently, for each patient the difference in mean 3F and 4F ABG between the pre- and 

postoperative audiogram was calculated (ABG change in dB). ABG change was compared between 

the different groups (e.g., ossicular chain status of both the STAMCO and ChOLE classification and 

primary and staged reconstruction) with the Kruskal-Wallis test. This comparison was not performed 

per patient. The change-scores were also compared between the different OCR (PORP, TORP, use of 

incus interposition or Type 3 tympanoplasty with cartilage on the intact stapes and chain interruption 

without reconstruction performed within each O-status according to the STAMCO classification. 

Statistical significance was set at p < 0.05 and analysis was carried out using SPSS 24. 

Results 

In table 1 the characteristics of this study group are shown. A majority of patients was male and  

patients had primary acquired cholesteatoma in a majority of cases. TORP was performed most. Only 

15 patients had a staged OCR. Missing data was not included in the statistical analysis. Furthermore, 

more missing ossicular chain status was observed in the STAMCO classification when compared to 

the ChOLE classification, due to the poor registration of the damage inflicted on the ossicular chain 

by cholesteatoma. 

In 43 cases of the patients the 4 kHz bone conduction frequencies were not measured in 6 of the 13 

participating centres. This limited the number of patients included in the 4F group. This might be due 

to the calibration problem encountered while using the calibration devices used to measure the output 

of the bone vibrator [24]. No postoperative decrease in 3F BC threshold levels occurred in this 

population. 

In some surgical reports the information about the chain reconstruction was too indistinct or missing 

(16%). 

No significant differences were found between the 50 audiograms at 8-16 weeks and 1 year after 

surgery. If no significant result was found, it was assumed that hearing remains stable during the first 

year after surgery (3F: p=0.59 and 4F: p=0.40). Because hearing remained stable according to the 

statistics, the last available postoperative audiogram (8-16 weeks or 1 year after surgery) was used for 

further statistical analysis. 
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Table 1: Characteristics of cholesteatoma patients in the study 

 N % 

 144 100 

Months of follow-up 24 months (15-24)  

Sex 90 male 63 

Mean Age in years (Range) 48 (18-84)  

Disease status 95 primary 

40 recurrent 

9 residual 

66 

28 

6 

Affected side 73 right 

 

51 

 

Ossicular chain status according to STAMCO 

classification  

On 

O1 

O2 

O3 

Missing 

 

 

9  

47 

28 

4 

65 

 

 

6.3 

32.6 

19.4 

2.8 

38.9 

Ossicular chain status according to ChOLE 

classification  

Ox 

O0 

O1 

O2 

Missing 

 

3 

16 

66 

26 

33 

 

2.1 

11.1 

45.8 

18.1 

22.9 

Mean pre-operative ABG (3F/4F) for the affected ear  24.0 dB / 24.7 dB  

Type of chain reconstruction performed 

TORP 

PORP 

Incus interposition 

Type 3 tympanoplasty (cartilage) 

No chain reconstruction 

Missing 

 

50 

16 

7 

11 

37 

23 

 

34.7 

11.1 

4.9 

7.6 

25.7 

16 

Number of staged OCR  15 10.4 

 

No significant difference in ABG change was found between patients with different O status of the 

STAMCO (3F: p=0.187, df=3; 4F: p=0.535, df=3; (See table 2 & figure 1).However, a significant 

difference in the change of the ABG was found between patients with different O status of the ChOLE 

classification (3F: p=0.001, df=3; 4F: p=0.005, df=3) (See figure 2).  

To examine whether there were differences in ABG change between patients with different chain 

reconstruction within the same O status, the Kruskal-Wallis test was used. P-values are shown in Table 

3. No significant differences were found for both 3F and 4F ABG change between patients with 

different chain reconstructions with the same O status of the STAMCO classification. 
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Table 2: Overview of pre-operative and postoperative ABG in dB HL of both 3F and 4F. (The overall pre-

operative and postoperative ABG includes the patients that could not be classified according to either the 

STAMCO or ChOLE classification). 

 N Pre-operative ABG 

(3F/4F) 

Postoperative ABG 

(3F/4F) 

 144 24.0 dB/24.7 dB 21.0 dB/21.1 dB 

STAMCO classification O status 

On 

O1 

O2 

O3 

 

8 

37 

23 

2 

 

18.6 dB /20.6 dB 

23.4 dB / 24.4 dB 

22.8 dB / 23.8 dB 

25.0 dB / 25.6 dB 

 

16.9 dB / 16.8 dB 

17.6 dB / 19.1 dB 

20.5 dB / 21.0 dB 

19.2 dB / 21.9 dB 

ChOLE classification O status 

Ox 

O0 

O1 

O2 

 

2 

11 

52 

22 

 

16.7 dB / 21.9 dB 

21.5 dB / 23.1 dB 

20.3 dB / 21.7 dB 

30.5 dB / 30.6 dB 

 

27.8 dB / 30.4 dB 

13.4 dB / 15.9 dB 

15.7 dB / 17.3 dB 

29.6 dB / 29.6 dB 

Type of chain reconstruction 

performed 

TORP 

PORP 

Incus interposition 

Type 3 tympanoplasty (cartilage) 

No chain reconstruction 

 

 

39 

13 

5 

6 

27 

 

 

22.1 dB / 23.4 dB 

27.1 dB / 27.7 dB 

19.5 dB / 20.1 dB 

17.2 dB / 16.3 dB 

26.4 dB / 27.9 dB 

 

 

16.8 dB / 18.9 dB 

22.3 dB / 14.4 dB 

24.3 dB / 25.8 dB 

13.3 dB / 13.3 dB 

21.9 dB / 23.6 dB 

 

 
Figure 1: Change in ABG on the affected side for different O status of the STAMCO classification. On 

the X-axis the 3F (low) frequencies and 4F (high) frequencies are shown. On the y-axis the change in ABG on 

the affected side in dB is shown. The status of the O is shown in separate colours namely dark grey (On), light 

grey striped (O1), light grey (O2) and grey (O3). The rounds are patient outliers. 
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Figure 2: Change in ABG on the affected side for different O status of the ChOLE classification. On the 

X-axis the 3F (low) frequencies and 4F (high) frequencies are shown. On the y-axis the change in ABG on the 

affected side in dB is shown. The status of the O is shown in separate colours namely light grey (Ox), grey 

stripe (O0), grey (O1) and dark grey (O2). The rounds are patient outliers. 

Finally there was no significant difference in the 3F and 4F ABG change between patients that 

underwent staged (n=15) or primary OCR (n=123) (3F: p=0.78, df=2; 4F: p=0.45, df=2). 

Table 3: Change of the ABG in relation to the different O status of the STAMCO classification and 

different chain reconstructions (Porp, Torp, Incus interposition & Type 3 tympanoplasty (cartilage) and (No 

reconstruction). 

STAMCO 
O status 

Included chain 

reconstructions 3F 

N 

3F 

p-value 

3F 

df 3F Included chain 

reconstructions 4F 

N 

4F 

p-value 

4F 

df 4F 

ON Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

no reconstruction 

8 0.51 1 Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

no reconstruction 

9 0.24 1 

O1 TORP 

Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

No reconstruction 

46 0.75 3 TORP 

Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

No reconstruction 

39 0.93 3 

O2 PORP 

TORP 

Incus 

interposition & 

Type 3 

26 0.79 3 PORP 

TORP 

Incus 

interposition & 

Type 3 

23 0.56 3 
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tympanoplasty 

(cartilage) 

No reconstruction 

tympanoplasty 

(cartilage) 

No reconstruction 

O3 PORP 

Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

No reconstruction 

4 0.41 2 PORP 

Incus 

interposition & 

Type 3 

tympanoplasty 

(cartilage) 

 

2 0.32 1 

 

Discussion 

The aim of this study was to determine the relationship per ossicular chain status as reflected by the 

STAMCO and ChOLE classification and ABG change in cholesteatoma patients. In addition, the effect 

of OCR procedures on postoperative ABG was assessed in patients with the same ossicular chain 

status. This is the first study that records the status of the ossicular chain both pre-operative, before 

ossicular reconstruction and postoperatively. 

STAMCO and postoperative ABG 

No significant relationship was found between ossicular chain status according to the STAMCO 

classification and postoperative ABG. The status of the ossicular chain in the STAMCO classification 

reflects the impact of cholesteatoma itself on the status of the ossicular chain. The results from this 

study may imply that there is no relationship between the impact of cholesteatoma on postoperative 

ABG. A possible explanation could be that the destruction of the ossicular chain by cholesteatoma 

itself is not the “end” status. The surgeon still has the ability to remove other ossicles and/or perform 

an OCR which also influences hearing outcome after surgery. Other factors such as number of previous 

surgeries, variability between surgeons and patient-specific factors like comorbidity may also 

determine postoperative hearing [25]. The agreement of the O status of the ossicular chain was also 

less in the STAMCO group, compared to the CHOLE [21], which could be explained by the more 

simplified description, and not a clear description of which exact ossicle is missing or destructed. In 

this study, a proposal was formulated in which some modifications to the STAMCO classification 

were indicated. This were registration of both the STAMCO as ChOLE ossicular chain status. And 

include the drawing of the ChOLE classification to make the STAMCO classification ossicular status 

more clear.  

ChOLE and postoperative ABG 

A significant relationship was found between the ossicular chain status according to the ChOLE 

classification and postoperative ABG. The status of the ossicular chain in the ChOLE classification 

describes the status of the chain after removal of cholesteatoma but before reconstruction of the 

ossicular chain. These results are in line with a previous study by Linder et al. who found an association 

between the O status and the postoperative ABG [26]. In a recent study, this correlation was confirmed 

[27]. 

Classifications systems like STAMCO and ChOLE play an important role in comparing studies with 

each other. More experience with cholesteatoma classifications systems is necessary to assess the 
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relationship with outcome. With more experience gained in the future, it might be possible to set up a 

staging system that could predict the outcome, just like the TNM staging system used in cancer 

treatment [28].  

Difference between OCR procedures 

No significant difference was found for the ABG change between patients with the same O status of 

the STAMCO classification that underwent different OCR procedures. A significant association 

between a specific O status, and a specific type of OCR procedure with postoperative ABG would be 

clinically relevant to guide the clinician on a type of OCR based on the O status in order to optimize 

outcome. Future studies with a larger number of patients are needed, because the small subgroups in 

our study population may have impacted the results. 

No influence was found from a primary or staged OCR. This implies that in our smaller group the 

ABG is not affected whether the chain is reconstructed during the primary surgery or in a staged 

procedure. One might expect that reconstruction during the primary surgery is preferred, because an 

extra surgery could cause extra damage to the ossicular chain or additional surgical risks. Next to this, 

recurrent cholesteatoma is more difficult to remove after OCR. On the other hand, two other studies 

claim that to improve OCR a staged OCR is preferred for patients suffering from a disease that needs 

extensive middle ear surgery [29-30].  

Limitations 

There were a few limitations in this study. One is that a substantial number of the 4 kHz frequencies 

were not measured in 6 of the 13 participating centres, which limited the number of patients included 

in the 4F group. This might be due to the calibration problem encountered while using the calibration 

devices used to measure the output of the bone vibrator [24]. Therefore, the groups included were 

relatively small which reduces the chance of finding a significant difference, if present. Next to this, 

the measured 4F kHz frequencies could be influenced by the same problem as the centres that did not 

measure the 4F kHz frequencies and could therefore be incorrect. Besides this, the use of non-

parametric tests to perform the statistics is a limitation, because tests are less powerful compared to 

parametric tests. Non-parametric tests were used due to the fact that the data were not normally 

distributed. 

Another limitation could be the fact that most of the included patients were eligible for follow-up by 

means of MRI and not for a second look surgery. This may imply that most chain reconstructions were 

already performed during primary surgery or were not necessary. In the comparison of the influence 

between primary and staged OCR only 15 patients had a staged OCR, which is a small group and 

maybe too small to have a significant effect on the outcome.  

In our study set-up we used the change in ABG and not PTA as a measure to assess effect of surgery 

on postoperative hearing. Both measurements are frequently reported in middle ear surgery since both 

do validly reflect postoperative hearing outcome [31]. In our study, we were mainly interested in the 

direct effect of the disease, its surgical treatment and OCR procedures on the function of the ossicular 

chain. The ABG and postoperative ABG change seemed to be the most relevant outcome measure. A 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 89PDF page: 89PDF page: 89PDF page: 89

Outcome measures II: Hearing 

 

~ 79 ~ 
 

limitation is that damage to the inner ear resulting in a decrease in the BC threshold level is not taken 

into account. In our study population no postoperative decrease in BC threshold levels occurred. 

Future studies in patients with comparable destruction of the ossicular chain will reflect the influence 

of ossicular chain status in combination with specific types of OCR procedures on postoperative ABG 

and ultimately postoperative hearing. Besides this, the influence of performing or not performing an 

obliteration or presence of postoperative otorrhea would be interesting topics to investigate with a 

bigger cohort.  

Conclusion 

The ChOLE classification associates well with the change in ABG, indicating that ChOLE could be a 

predictor for hearing, whereas STAMCO does not. This could be due to the time point of the O status 

as depicted in the classification or the description of the O stages. No significant difference was found 

for a staged OCR. Future studies on the influence of comparable ossicular chain status in combination 

with specific types of OCR procedures on postoperative hearing are needed to uniform registration. 

Using standardized description of the disease, like the STAMCO and ChOLE classification, aids in 

comparability of study populations and may eventually result in the development a more robust and 

uniform classification system, with a possibility to predict outcome. 

See chapter 2 for the STAMCO figure and chapter 3 for the SAMEO-ATO 
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       Chapter 6 

National consensus on registration of cholesteatoma 

care  
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Uniform registration agreements on cholesteatoma care; a nationwide consensus procedure 

 

Abstract 

Background: To coordinate and align the content for registration of cholesteatoma care. 

Methods: Systematic Delphi consensus procedure, consisting three rounds: two written sessions followed by a 

face-to-face meeting. Prior to this procedure, input on important patient outcomes was obtained. Consensus was 

defined as at least 80% agreement by participants. Hundred-thirty-six adult patients who had undergone 

cholesteatoma surgery and all ENT surgeons of the Dutch ENT Society were invited. The consensus rounds 

were attended by ENT surgeons with cholesteatoma surgery experience. Feasibility and acceptability of 

outcome measures and reporting agreements were assessed in round one by 150 ENT surgeons. In round two 

definitions were narrowed and context information to interpret outcome measure were questioned. In round 

three, the results, amendments, and the open-ended points were discussed to reach agreement. 

Results: Most important outcome measures are: (1) The presence or absence of a cholesteatoma in the first five 

years after surgical removal of cholesteatoma, (2) Hearing level after surgical removal of cholesteatoma, and 

(3) The documented assessment of patient’s complaints with a validated patient reported outcome measures 

questionnaire (PROM). Furthermore, consensus was reached on the registration of cholesteatoma type 

(residual/recurrent), localization of cholesteatoma and reporting of the presence of cholesteatoma in the follow-

up.  

Conclusion: Consensus was reached on the content and method of registration of cholesteatoma care based on 

patient’s and ENT surgeons input. Three outcome measures were defined. National agreements on the method 

and content of registration will facilitate monitoring and feedback to the ENT surgeon about cholesteatoma care. 

 

Introduction 

Despite the low incidence of cholesteatoma [1], every ENT practice will see patients with this 

condition because of its recurrent nature. In the Netherlands, 1000 to 3000 cholesteatoma-related 

operations are performed every year. Although cholesteatoma occurs at all ages and all over the world 

[2], there are no national or international guidelines for the registration, treatment, or follow-up of 

cholesteatoma. However, the Dutch ENT Society has now taken the initiative to develop a 

cholesteatoma guideline. Part of such guideline is a plan to monitor the actual performance. That is 

why simultaneously steps have been taken in setting up an otology quality registry.  

A quality registry generates information on care (structure, process and outcomes) based on the 

perspectives of both health providers and their patients on quality of care [3]. This information, often 

expressed as quality indicators, can be used to obtain feedback on the results of the care provided by 

the individual participating ENT surgeons in relation to a benchmark. This comparison stimulates 

improvement as goals can be set based on best practices [4].  

The definition, classifications, pathology, and treatment is an ongoing discussion in international 

scientific literature but also to improve uniform registration [5-8]. Recent published international 

classifications are STAMCO, ChOLE and SAMEO-ATO [7-9].  
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This project aims to identify suitable outcome measures for cholesteatoma care from both the patient’s 

and the ENT surgeon’s perspective. Describing outcome measures requires uniform definitions and 

terminology as well as registration agreements, which is why the study will also sharpen definitions. 

Moreover, it is important that data can be interpreted correctly, so that outcome differences may be 

related to differences in pathology, surgery, or other relevant (context) parameters. 

 To be able to register cholesteatoma care in the Netherlands in a better and uniform manner, an attempt 

has been made to find answers to the following research questions: 

1. What are suitable outcome measures for cholesteatoma care? 

2. What context information is required for the selected outcome measures? 

3. Which terminology used requires further standardization of definitions?  

Materials & Methods 

A Delphi consensus procedure was performed to decide on the data for monitoring cholesteatoma care 

[10-12]. This systematic method consisted of two written sessions (rounds 1 and 2) followed by a face-

to-face meeting,(round 3). The preliminary set of information was based on input from a professional 

expert team (authors) as well as a patient survey on important outcomes on cholesteatoma care. The 

potential participants approached for the Delphi procedure were ENT surgeons who, at the time, were 

members of the Dutch ENT Society with experience in cholesteatoma surgery.  

 

For all the consensus rounds in the Delphi study, consensus was defined as at least 80% of the ENT 

surgeons reaching agreement, which is a relatively strict cut-off point [13-14]. All digital surveys were 

sent out using Castor-EDC (Amsterdam, the Netherlands). ENT surgeons had two weeks to complete 

the survey with a reminder after one week. After each round, ENT surgeons were asked to provide 

additional relevant information, and at the end of each round the results were shared online. The entire 

Delphi process (shown in Figure 1) was completed within 6 months (November 2018-May 2019) [15]. 

Preparations 

First of all, an expert team was appointed: 3 ENT surgeons from university hospitals, 3 ENT surgeons 

from non-university hospitals, a PhD researcher, a Dutch ENT society board member, a scientific 

researcher specialized in developing and selecting quality indicators, and a Professor of Auditory 

Functioning and Participation (authors, n=9).  
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Figure 1: Contents of Delphi procedure for cholesteatoma care. 

To obtain a better understanding of outcome measures that are important for patients, a list of the most 

frequently reported symptoms (both pre- and post-operative) was drawn up from the literature [16-19]. 

This included information on patients’ symptoms taken from the national Dutch Cholesteatoma Data 

study (DCD) (trial 80-83700-98-16504). This input was used to develop a patient survey on relevant 

outcome and process measures in cholesteatoma care from the patient's perspective (see table, 

Supplementary Content 1, which demonstrates patient survey).  

Questions asked were:  

 which symptoms should be included in the patient record (both before and after surgery); 

 should these symptoms be discussed by the ENT surgeon in a particular order; 

 what determines the success of cholesteatoma treatment for the patient; 

 what other factors, according to the patient, contribute to the quality of care? 

For each question, the patients were able to fill in several answers and, if necessary, to give additional 

information. A total of 136 patients from DCD were asked to answer these questions (METc approval 
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VUmc, no. 2016.523). The participants were adult patients who had undergone surgery for 

cholesteatoma removal.  

After anonymization, the survey was analysed using descriptive statistics. The percentages for each 

question were calculated for each answer category. The expert team was then given the top answers 

per question to enable them to draw up the list of possible outcome measures in round 1. 

Round 1 

All 556 ENT surgeons of the Dutch ENT society were invited by email to participate in the survey of 

round 1. The aim of this round was to define a limited set of outcome measures and to determine the 

required reporting on pathology, surgery, and aftercare. The participants were asked whether the 

availability of this information contributes to the quality of care. And asked whether the requested 

information is already in the electronic medical record (EMR), or whether the ENT surgeon is willing 

to register this information in the EMR. In addition, two questions were asked about current follow-

up (no follow-up performed or the use of CT scan). These questions were asked in preparation for 

round 2.  

Round 2 

For the second round, ENT surgeons who had participated in the first round and also had experience 

with cholesteatoma surgery (150) were invited. Based on the results of the first round, consensus was 

sought on the contextual information required to interpret the proposed outcome and process measures 

properly. 

Round 3 

All participants who responded in rounds 1 or 2 received an invitation to attend the final joint meeting. 

The purpose of the joint meeting was to present the results of the previous rounds and to discuss them 

jointly. Issues from round 2 with a consensus percentage between 55% and 80% were presented to the 

participants again to clarify any ambiguities and were reassessed with the help of a digital voting 

system. In addition, five groups were formed to discuss and select: the use of a certain classification 

(ChOLE or STAMCO) to register cholesteatoma [7-8], the classification for surgery type (SAMEO-

ATO) [9] and about a validated questionnaire (COMQ-12 or OQUA) to uniform register the patients’ 

symptoms [20-21]. This third round was led by an independent process consultant with experience in 

consensus discussions and setting up care registries.  

Results 

Patient survey 

Of the total of 136 surveys sent out, 96 were completed (70.5%); no incomplete surveys were returned. 

The results showed that both before and after cholesteatoma operation, the most frequently reported 

symptom is ‘hearing loss’. In addition, the two other most frequently reported symptoms are pre-

operative ‘otorrhea (ear discharge)’ and ‘feeling of pressure in the ear’. Post-operative symptoms are 

‘tinnitus’ and ‘feeling of pressure in the ear’. The survey also showed that the factors determining 

whether surgery is perceived as being successful by patients are ‘no recurrence of cholesteatoma’, 
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‘improved hearing’, and ‘no complications’. The factors that patients considered crucial in determining 

the quality of care are ‘communication with the physician’, ‘being able to discuss the fear of recurrence 

of cholesteatoma’ and ‘number of visits to outpatient clinic’ (see Table 1). From the patient's 

perspective, it is important to include this data for the uniform registration of cholesteatoma care. 

Table 1: Patient survey: Ear problems before/after surgery, success factors, and cholesteatoma care 

quality, (n=96). 

 N % 

Ear problems before cholesteatoma surgery 

Hearing loss 78 81% 

Otorrhea (ear discharge)  50 52% 

Feeling of pressure in ear 47 49% 

Ear problems after cholesteatoma surgery 

Hearing loss 63 66% 

Tinnitus 45 47% 

Feeling of pressure in ear 43 45% 

Success factors 

No recurrence of cholesteatoma  70 73% 

Improved hearing 51 53% 

No complications  48 50% 

Quality of cholesteatoma care 

Communication with physician 75 78% 

Being able to discuss the fear of recurrence 

of cholesteatoma 

28 29% 

Number of visits to outpatient clinic 23 24% 

 

Round 1: ENT Survey 

Three outcome measures were drawn up based on the patient survey, the literature, and the 

discussion in the expert team (Figure 2).  

 

 

 

 

 

Figure 2: Defined Outcome Measures.  

In addition, the reporting on pathology, diagnostics, surgery, and aftercare was presented in round 1 

(see Table 2). This was first expressed in general terms, so that in the next round, the statements for 

which agreement had been reached, were specified further. 

 

 

1. The presence/absence of a cholesteatoma in the first five years after surgical removal 

of cholesteatoma 

2. Hearing level after surgical removal of cholesteatoma 

3. The documented assessment of patient’s complaints with a validated patient reported 

outcome measures questionnaire (PROM) 
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Table 2: ENT surgeons survey 1: Degree of consensus (%) on the proposed statements (n=150). 

  Contribution 

to quality of 

care? 

 Willingness 

to register or 

in EMR†? 

 Pathology    

1 Reporting the type of cholesteatoma (primary, residual, 

recurrent) 

96%  97% 

 Diagnosis    

2 Mastoid CT prior to primary cholesteatoma surgery 99%  98% 

3 Audiogram with bone conduction prior to cholesteatoma 

surgery 

99%  99% 

 Surgery    

4 Standardized reporting of the localization(s) of 

cholesteatoma 

89%  95% 

5 Standardized reporting of the status of the ossicular chain 93%  97% 

6 Standardized reporting of the procedure performed (e.g. 

removal method, chain reconstruction) 

92%  98% 

 Aftercare, follow-up    

7 MRI diffusion imaging after cholesteatoma surgery  87%  97% 

7a Do you use MRI diffusion?  91%  

8 Audiogram with bone conduction after cholesteatoma 

surgery 

99%  99% 

 Outcome measures    

9 The presence/absence of a cholesteatoma in the first five 

years after surgical removal of cholesteatoma 

90%  94% 

10 Hearing level after surgical removal of cholesteatoma 89%  96% 

11 The documented assessment of patient’s complaints with a 

validated patient reported outcome measures questionnaire 

(PROM) 

80%  79% 

 Extra  YES  NO 

12 Are there situations in which there is no follow-up at all 

(i.e. no MRI or second look surgery) after cholesteatoma 

surgery? 

43%  57% 

13 Do you ever use a CT scan in the follow-up after 

cholesteatoma surgery? 

60%  40% 

 

Of the 556 ENT surgeons, 192 completed the survey and 150 ENT surgeons indicated that they also 

performed cholesteatoma surgery.  

Table 2 shows that the proposed statements met the consensus norm of 80%. The PROM raised 

questions, as many surgeons do not, or do not, use a PROM in cholesteatoma care. Furthermore, 43% 

of the ENT surgeons indicated that there may be situations in which no follow-up is performed (i.e. no 

MRI or second look surgery) after cholesteatoma surgery. 61% of the ENT surgeons occasionally use 

a CT scan in the follow-up. Numerous comments were made about the definitions and terminology. 

The expert team took these comments into account in the second round survey.  
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Round 2: ENT Survey 

In this round, consensus was sought on the context information for the three selected outcome 

measures (see Table 3). 

Table 3: ENT surgeons survey 2: Degree of consensus (in %) on the context information (n= 131). 

1. The presence/absence of a cholesteatoma in the first five years after surgical removal of 

cholesteatoma 

Consensus percentage 

 

 Type of surgery performed 

 Localization/growth of cholesteatoma 

 Number of years after primary surgery 

≥80 

85% 

84% 

80% 

 

o Complicated cholesteatoma cases (e.g. horizontal canal dehiscence or facial nerve 

paresis) 

o Type of cholesteatoma during the procedure (primary, recurrent, residual, recurrent or 

residual from another hospital) 

o Status of the ossicular chain 

o Patient’s age at the time of primary surgery (in years)   

55-79 

69% 

 

69% 

 

59% 

57% 

 

o Status of the middle ear mucosa during the primary procedure (e.g. healthy / irritation) 

o Other, namely 

o None of the above 

<55 

27% 

8% 

2% 

2.   Hearing level after surgical removal of cholesteatoma 

Consensus percentage 

 

 Audiogram before surgery 

 Audiogram after surgery 

 Type of ossicular chain reconstruction performed 

 Status of ossicular chain 

≥80 

95% 

90% 

87% 

85% 

 

o Type of surgery performed 

o Date of last middle ear surgery to date of current audiogram  

o Post-operative dry, wet or OME ear at time of audiogram 

55-79 

73% 

60% 

60% 

 

o Type of cholesteatoma during procedure (primary, recurrent, residual) 

o Other, namely 

o None of the above 

<55 

41% 

5% 

1% 

3.   The documented assessment of patient’s complaints with a validated patient reported outcome 

measures questionnaire (PROM) 

Consensus percentage 

 

o Audiogram before surgery 

o Type of surgery performed 

o Audiogram after surgery 

55-79 

72% 

70% 

69% 
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o Localization/growth of cholesteatoma 

o Complicated cholesteatoma cases (e.g. horizontal canal dehiscence or facial nerve 

paresis) 

o Patient’s age at the time of primary surgery (in years)  

o Status of ossicular chain 

o Type of ossicular chain reconstruction performed 

63% 

63% 

 

62% 

60% 

60% 

The documented assessment of patient’s complaints with a validated patient reported 

outcome measures questionnaire (PROM)  "(continued)." 

 

 

o Type of cholesteatoma 

o None of the above 

o Other, namely 

<55 

47% 

8% 

6% 

 

 

 

The comments made in survey 2 showed that some questions were not entirely clear, which meant that 

not all respondents were able to answer these questions in the same way. Many comments pertained 

to the third outcome measure, the PROM. This was discussed during the joint meeting. 

A 70% consensus was reached on the definitions of primary acquired, recurrent, and residual 

cholesteatoma. In the definition the word ‘visible’ was mistakenly used instead of ‘poorly visible', 

which was often commented. The definition was modified and approved in round 3. 87% of the 

respondents agreed with the proposed way of reporting the presence of cholesteatoma during the 

follow-up. 

No consensus was reached on the use of the STAMCO or ChOLE classification for cholesteatoma and 

the SAMEO-ATO classification for the surgical procedures. However, the ENT surgeons did agree on 

the appropriate intervals for MRI in the follow-up. The answers indicate that 82% of ENT surgeons 

consider it desirable to perform at least 2 MRIs in the first five years and 73% propose to perform an 

additional MRI in the second or third year after surgical removal. There was no consensus on MRI 

monitoring after these first five post-operative years.  

Round 3: Joint meeting 

A total of 36 ENT surgeons from 25 different hospitals were present at the joint meeting, including 5 

members of the expert team. The expert team members discarded voting. The results of rounds 1 and 

2 were presented. Statements with a score of between 55% and 80% were further explained, discussed 

and reassessed. The definitions of the types of acquired cholesteatoma were jointly corrected and 

approved. During the meeting the word ‘acquired’ was added to the definition of ‘primary 

cholesteatoma’. The addition of the ‘recurrence of a retraction pocket of which the borders cannot be 

overseen with keratin debris’ for a recurrent cholesteatoma was also approved. Figure 3 shows the 

agreed definitions. 
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Definition acquired cholesteatoma 

Primary acquired cholesteatoma: A retraction pocket of which the borders cannot be 

overseen of the pars flaccida, pars tensa, or both with accumulation of keratin debris 

 

Recurrent cholesteatoma: A new retraction pocket of which the borders cannot be 

overseen of the pars flaccida, pars tensa, or both with accumulation of keratin debris that 

develops after cholesteatoma has been removed 

 

Residual cholesteatoma: Presence of cholesteatoma matrix in middle ear, mastoid or 

temporal bone after previous surgical removal of cholesteatoma without connection to the 

epidermal epithelium of the eardrum 

 

Categories for registration of presence of cholesteatoma in follow-up: 

Is cholesteatoma present? 

 

 No 

 MRI dubious 

 Yes, recurrent (from eardrum) 

 Yes, residual (eardrum intact) 

 Yes, both recurrent and residual 
Figure 3: Definition acquired cholesteatoma and categories agreed upon for presence of cholesteatoma 

in follow-up. 

It was decided in the meeting to add the type of cholesteatoma to the context information for the 1st 

outcome measure (cholesteatoma presence) (96%). In addition, it was decided that that a pre-operative 

audiogram should be performed no more than 6 months before the surgery (83%).  

Classifications 

The discussion showed that selecting a classification is not most important, but rather the information 

provided in the operative report. If the operative report contains all matters from the existing 

classifications, then this should be enough information for registration.  

PROMs 

The ENT surgeons were unable to decide between the two validated questionnaires identifying the 

patients’ problems [OQUA or COMQ-12]. Various issues emerged from the discussion of the 

questionnaires. According to those present, a shorter questionnaire that is presented more often is more 

likely to be completed than a longer one. The OQUA is suitable for all types of ear procedures, which 

could make things easier for a practice than having a different questionnaire for each type of procedure/ 

pathology. It was decided to first obtain more clarity on the choice of the PROM, before identifying 

the context information needed. 

Discussion 

The study was carried out to reach a consensus on uniform registration of cholesteatoma care and is, 

as such, the first documented consensus in this field (both nationally and internationally). Three rounds 

of the Delphi method were used to systematically involve ENT surgeons to achieve registration 

agreements. The preliminary set outcomes and context information for round 1 was reinforced by the 

results of a patient survey on important patient outcomes. The study provides a clear picture of the 
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outcome measures in the treatment of primary acquired and other cholesteatomas that can possibly be 

used as quality indicators. These are: 1) The presence/absence of a cholesteatoma in the first five years 

after surgical removal of cholesteatoma, 2) Hearing level after surgical removal of cholesteatoma, and 

3) The documented assessment of patient’s complaints with a validated patient reported outcome 

measures questionnaire (PROM).  

The first outcome measure did initially not include a time frame. Because this outcome measure can 

only be evaluated after a longer follow-up period, it was decided by the expert team to add a fixed time 

period. Various follow-up time frames were proposed and a follow-up of five years was eventually 

agreed upon. There is sufficient evidence that a long follow-up of at least five years is useful after 

cholesteatoma surgery [22] and ‘this five-year period may prevent the early discharge of follow-up 

after cholesteatoma surgery’. Furthermore it is in line with the current majority for MRI follow-up 

period and it is also comparable to cancer survival rates [23]. Based on these four factors and the 

comments of ENT surgeons in survey 2, the follow-up duration of five years was added to the outcome 

measure. The second outcome measure represents the most important symptom for patients, namely, 

the degree of hearing loss. For the last outcome measure, it was decided to monitor the patients' 

problems using a validated questionnaire that was completed by the patients (PROM). A PROM is the 

basis for uniform registration of the subjective measure [24]. In addition, the definitions of 

cholesteatoma types and the method of reporting the presence of cholesteatoma were established. 

which prevent ‘contamination’ of the registration. The definitions distilled from this study for the types 

of cholesteatoma are more specific than those mentioned in the consensus paper by Yung et al. [25].  

To be able to judge the outcome measures properly it had to be decided which context information is 

important. ENT surgeons need to relate their results to the case-mix of patients, so that the outcome 

measures can be used in a nuanced way. A total of three context items were defined for the first 

outcome measure and four for the second outcome measure. No further context items were agreed 

upon for the third outcome. Ideally, a validated questionnaire should include questions about the 

hearing, which would then give a complete picture. However, the use of a questionnaire or the 

systematic questioning of patients regarding their symptoms does not yet appear to be general practice. 

The national cholesteatoma study and the literature [16-17] show that hearing loss with or without 

otorrhea is the most important health concern. In addition to improve hearing, the cessation of otorrhea 

is a determining factor for the success of surgery according to patients. These success factors are also 

mentioned in the studies of Lailach and Dornhoffer [18-19], and are questioned items in both proposed 

PROMs. In view of these three acknowledgements, it seems that the structural request for information 

on patients’ problems using a PROM, before and after surgery, is an essential part of the quality 

monitoring.  

The method used has the potential of systematically achieving a nationwide consensus between ENT 

surgeons (after input by patients and preparations by an expert team). The use of two consecutive 

written rounds in the Delphi method were highly conducive to the in-depth study. Another advantage 

of this ‘bottom-up’ method is that input from the ENT surgeons was completely anonymous and not 

hindered by the opinions of (inter)national experts. Which meant that ‘having to follow the norm’ and 

the conviction that strong opinions are decisive could be avoided [26-27]. The expert team noticed, in 

accordance with the literature [28], that both feedback and reminders after each round increased 

participation. The joint meeting in the last round reinforced the results for several reasons. The meeting 
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encouraged discussions, which helped clarify the argumentation, and in turn led to clear agreements 

on reporting, necessary for the implementation of the monitoring program aimed to improve 

cholesteatoma care. In the literature, it is suggested that consensus can be reached in a joint meeting 

of at least seven persons [11]. This requirement was amply met with a large representative group of 

ENT surgeons for the joint meeting. The high cut-off point for consensus (80%), increases the chance 

of reproducibility of the research [29]. 

The study also had a number of limitations. The second survey included additional information on 

both classifications and the validated questionnaires. However, the information had to be read in a too 

short period (two weeks), after which a considered choice had to be made. Feedback showed that some 

statements were interpreted differently than intended. Clearer formulation and longer time could 

possibly have prevented these misinterpretations. The expert group was looking for the best 

classification for Dutch ENT practice in line with international classifications. However, consensus 

could not be reached on the use of classifications. Combining separate elements of these classifications 

seemed a viable compromise but needs additional debate. Furthermore, it was decided to include the 

symptoms and only the complications caused by cholesteatoma itself and not complications caused by 

the surgeon. This was a conscious decision by the expert team, because there are only a few national 

registries within the ENT field and the response rate is often related to how ‘sensitive’ the information 

is. A next step would be to include the surgical complications.  

This report will be presented to the Dutch ENT Society to support the development of a Otologic 

Quality registry.  

 

Conclusion 

National consensus has been achieved on outcome measures, definitions, and a uniform way of 

registering cholesteatoma care by using a Delphi consensus method. This consensus likely contains 

many valuable elements for the uniform registration of cholesteatoma care worldwide as well as for 

the establishment of (inter)national otologic quality registry to assure and improve cholesteatoma 

patient care.   
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Supplementary Content 

Supplementary Content 1: Patient survey: Ear complaints, success factors and quality of care‡. 

1. Which of the following ear problems do you feel should be registered/noted by the ENT surgeon 

before surgery for patients with a cholesteatoma? 

 Earache 

 Itching 

 Fluid or pus from the ear (ear discharge) 

 Feeling of pressure in ear 

 Popping ear 

 Hearing loss 

 Altered taste 

 Balance problems or dizziness 

 Ringing in the ear (tinnitus) 

 Other, namely 

2. Which of the following ear problems do you feel should be registered/noted by the ENT surgeon 

after surgery for patients with a cholesteatoma? 

 Earache 

 Itching 

 Fluid or pus from the ear (ear discharge) 

 Feeling of pressure in ear 

 Popping ear 

 Hearing loss 

 Altered taste 

 Balance problems or dizziness 

 Ringing in the ear (tinnitus) 

 Other, namely 

3. Should the ENT surgeon discuss the symptoms mentioned both before and after surgery in a 

particular order? 

 Yes 

 Yes, but only symptoms prior to surgery 

 Yes, but only symptoms after surgery 

 No 

If your answer is Yes, please indicate the order of the symptoms 

4. What for you determines the success of cholesteatoma treatment? 

 Improved hearing 

 No more earache 

 No more discharge from the ear 

 No complications (undesirable effects) 

 No recurrence of cholesteatoma 

 Other, namely 

5. What for you determines the quality of treatment for patients with cholesteatoma? 

 Length of hospital stay 

 Number of visits to outpatient clinic 

 Communication with physician 
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 Being able to discuss the fear of recurrence of cholesteatoma 

 Other, namely 
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This general discussion covers a reflection on the results presented in this thesis and discuss the lessons 

learnt from the original study set-up.  

 

The primary objective of the research presented in this thesis was to initiate uniform registration of 

cholesteatoma care in The Netherlands. Such a registration was deemed necessary for many reasons, 

one of them being the possibility to evaluate care. We started using and comparing existing 

international classifications to create a good basis to work towards implementation of classifications 

into the Dutch registration. We investigated the usability and feasibility of registration of the pathology 

by means of our STAMCO classification as well as the Swiss ChOLE classification (Chapter 2). We 

then studied the registration of surgery according to the SAMEO-ATO classification (Chapter 3). To 

evaluate surgical practice it is essential to include also the patients subjective outcomes next to 

objective data. We assessed the self-reported complaints and impact of patients with cholesteatoma by 

using a set of patient reported outcome measures (PROMS) questionnaires and also monitored their 

post-operative hearing using both PROMS and pure-tone audiometry (Chapter 4 & 5). Finally, we 

described the process towards consensus on registration of cholesteatoma care in The Netherlands 

(Chapter 6). In Annex 1 the STAMCO classification is introduced. 

Reflection on the findings 

Pathology classifications 

We found that both current cholesteatoma classifications STAMCO and ChOLE are applicable in daily 

practice (chapter 2). Besides that, we found that ChOLE correlates well with post-operative hearing 

whereas STAMCO does not (chapter 5). This could potentially mean that ChOLE could be used to 

predict the hearing outcome. However, both classifications need some adjustments in order to 

completely register cholesteatoma in patients. Classifying cholesteatoma pathology using the 

STAMCO was feasible as we demonstrated in our study. This was also demonstrated in a study by 

James et al., [92]. Another study of Van der Toom et al. [37], concluded that the STAMCO 

classification predicts recurrent cholesteatoma better than other available classification and holds the 

most promise for predicting residual cholesteatoma. The results of the STAMCO exceeded the results 

of the EAONO-JOS staging system [93]. However, this finding was only found in patients treated with 

a canal wall up tympanoplasty in a retrospective study in a tertiary referral hospital. Therefore, more 

research needs to be performed on patients prospectively, in secondary and tertiary cases and with 

different surgical strategies.  

Recently, Eggink and colleagues analyzed the long term recidivism of cholesteatoma with the JOS, 

EAONO-JOS and STAMCO classification. They assessed the prognostic value and ability to predict 

the severity of cholesteatoma and other factors that might cause recurrent and residual cholesteatoma. 

They concluded that all three classifications have a limited prognostic value. Three main confounding 

factors were determined that limit uniform registration namely: follow-up, surgery type and age [58]. 

The follow-up and surgery type factors are included in the SAMEO-ATO classification. We therefore 

conclude to encourage use of SAMEO-ATO next to the STAMCO classification for registration of 

cholesteatoma care. As for the confounding factor age this must be registered and taken into account 

too, separately from the classifications, as an important patient factor.  
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The STAMCO system is based on the EAONO-JOS system. When using an existing classification as 

a basis for a new system there are two options: 1) some flaws in the classifications are copied or 2) 

flaws are resolved in the new classification. At the time we designed our study we had adopted the 

EAONO-JOS system as the basis for a new system, as it was the only accepted system available for 

registration of cholesteatoma at that time. During implementation we had to resolve the potential 

confusion in the description of the anatomical boundaries, not knowing the potential prognostic value 

at that time for residual and recurrent cholesteatoma. Including the figures that are used in the ChOLE 

classification could even be more helpful in filling in the STAMCO classification especially for the 

status of the ossicular chain, but those were available at a later time. Eggink and colleagues shared our 

opinion that staging of cholesteatoma must be postponed until a classification is able to correlate with 

severity, (read: long term outcomes), of the different pathologic sub-set of cholesteatoma.  

As seen in the development of classifications within otolaryngology the road to a final classification 

describing a pathology is long, for example in ear malformations and Ménière’s disease with several 

classifications which needed adjustments [94, 95]. Not only in the field of otolaryngology the road to 

a final classification is long. This has been the same for the development of the TNM classification 

[96]. At the moment, there are two promising cholesteatoma classifications to register cholesteatoma. 

This was also acknowledged by Cacco and colleagues who concluded that both STAMCO and ChOLE 

can be a novel TNM system and that the complication variable of both classifications is a topic to 

investigate further [97]. The future will learn whether perhaps a combination of these two 

classifications may form the base for the final version of the classification. 

Surgical classification 

Several classifications and categorizations of the middle ear and mastoid surgery have been proposed 

over the years [59]. The SAMEO-ATO is a more detailed registration method for surgical procedures 

and has been developed alongside an international consensus [62]. This is one of the more recent 

registration methods to categorize tympanomastoid operations, like the surgical procedure for 

cholesteatoma. We found out that the M-stages seem to correlate well to the standard CWU and CWD, 

except for one M-stage. The CWU procedure correlated with the M1a, M1b and M2a of the SAMEO-

ATO classification. The M2c of the SAMEO-ATO classification correlated with the CWD procedure. 

The M2b procedure could not be correlated with either the CWU or CWD procedure and may therefore 

be considered as an “inbetween” stage (see chapter 3). Because the SAMEO-ATO is very detailed and 

therefore somewhat unhandy, the classification needs to evolve over time. 

Pontillo and colleagues evaluated the SAMEO-ATO system by correlating it with the functional 

outcome parameters pre and post AC PTA and ABG. They found that especially the “M” 

(Mastoidectomy) and “O” (Ossicular reconstruction) parameters perform well in predicting hearing 

outcome [98]. Both Eggink et al and Pontillo et al propose to incorporate the surgical procedure into 

the pathological classification to be able to correlate cholesteatoma stage to cholesteatoma severity 

[58, 98]. Incorporating the SAMEO-ATO in either the STAMCO / ChOLE or combination of the 

previous mentioned classification could eventually lead to an overall classification/registration system. 

However, we need to keep in mind that the SAMEO-ATO is designed to classify the surgical procedure 

in all ear surgeries, not only cholesteatoma related.  
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As shown in the literature, attempts have been made to prepare an overall classification for operations 

on the middle ear and mastoid that would be both comprehensive and reasonably simple. This was 

done in 1965 by the Committee on Conservation of Hearing of the American Academy of 

Ophthalmology and Otolaryngology [99]. Common operations were divided into 5 categories and this 

was less extensive than the classification of the International Otology Outcome Group (IOOG). It was 

stated that it is important to describe the pathology present (case mix) and outcome. However, in most 

publications, complications or complicated cases are not mentioned. These complications could have 

had an effect on the overall outcome. Next to complications, more information on age, comorbidities, 

intoxications (like smoking), status of the other ear and profession (e.g. hearing damage by profession) 

should be taken into account. From the literature, we know that age is a confounding factor on the 

outcome of development of recurrent cholesteatoma [58]. Smokers have statistically more often 

primary or recurrent cholesteatoma and the risk of complications is higher [100]. 

We can conclude from the arguments set out above that it is good to evaluate four different subsets of 

items separately in cholesteatoma care: Patient (personal factors) that could influence the outcome like 

age, smoking, comorbidities. Pathology (what is due to the disease and can we make certain subgroups 

comparable?), Surgery (what is the influence of the surgeon/technique/prosthesis?), and what are the 

Outcomes, which can be divided in Clinical Outcomes, like residual disease, hearing and 

complications, and Patient Related Outcomes, like complaints, impact and benefit often measured with 

questionnaires (PROMS)(Figure 1). Combining all four subsets one overall classification/registration 

would be beneficial in the future. 

  
Figure 1: Visual representation of the items that must be evaluated separately in cholesteatoma care: 

The patient, pathology, surgery and outcomes. 

Uniform registration of outcome 

Uniform registration of outcomes is important to facilitate ENT surgeons to analyze and compare 

results and to inform patients during their consult. To achieve this in cholesteatoma care, the same 

terminology to describe cholesteatoma pathology, surgery and outcomes of results must be used. 

However, due to worldwide differences, agreements on these topics are scarce [101]. As the Dutch 

ENT society is working towards a national quality registry for otology, it is important to reach 

consensus on several otological topics. One of them is cholesteatoma care. Therefore, we have set up 

a study in cooperation with the Dutch ENT society to make agreements on what must be registered 

minimally for cholesteatoma care in The Netherlands. 

For this study we used a Delphi method. The Delphi method comprises a systematic method which 

covers two written sessions (rounds 1 and 2) followed by a face-to-face meeting,(round 3). The 
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consensus agreements on the content and method of registration of cholesteatoma care were based on 

patients and ENT surgeons’ input (chapter 6). In otolaryngology literature we found other consensus 

methods that are also used in the field of otorhinolaryngology namely meetings amongst professionals 

[102, 103] or based on literature review [104]. In these two available methods the input of the patient 

is not obtained. The Delphi method that we applied was similar to the consensus methods used for 

acute otitis externa [105]. It was acknowledged that the input of patients is essential when trying to 

reach consensus. This is important, because it is the patient who experiences the impact of 

cholesteatoma on daily life. Hence, the outcome should also be based on the patients experiences and 

satisfaction with the outcome. Measures in the health care system should be based on the items that 

matters most to the patients. This principle is the basis of ICHOM, defining global Standard Sets of 

outcome measures that matter most to patients (https://www.ichom.org/manuscripts/).  

The consensus that was reached in The Netherlands is yet to be implemented in daily practice. 

However, one cannot ensure implementation of the agreements of this consensus by only publication 

or taking it up in a guideline [106]. Successful implementation can be reached by using different 

strategies or combinations of strategies. To better understand which effect the different implementation 

strategies have, more research is needed [107, 108]. To use this consensus in the current Dutch practice 

it is important that the Dutch ENT society will succeed in their goal to implement a quality registry, 

the Dutch Otology Quality registry. With this consensus we have built a strong and unique fundament 

for future steps towards uniform registration in the field of otolaryngology.  

Patient related Outcomes and their impact 

The most prominently reported complaints after cholesteatoma surgery are hearing loss and tinnitus. 

The impact of hearing loss and tinnitus is high on daily life (chapter 4).  

Insight in the quality of life of patients is getting important in otology. Identifying factors that could 

significantly affect treatment outcome is important in the planning and sharing of knowledge. 

Moreover, these factors are very important for patients prior surgery during preoperative shared 

decision consultation. 

If we consider the impact on daily life of chronic otitis media (COM), we see that a big impact is 

present [109, 110]. Both pathology-associated and surgery-associated influencing factors alter the 

impact of having COM [71, 111, 112]. All the factors shown in Figure 1 like patient, pathology and 

surgery have their influence on the outcome. For example for the patient factor: Lailach and colleagues 

found that preoperative depressiveness has a correlation with a worse health related quality of life in 

patients with chronic otitis media [113]. Neudert concluded from his study that the measuring 

instruments, such as PROMS are already present to assess the quality of life, but that these are only 

limited in use in clinical studies. He urges to use this in daily practice and not only assess the patient 

but the whole therapy process [114]. In the Dutch system we see the use of PROMs more often and 

our study and the consensus meeting has hopefully encouraged professionals do so in daily practice. 

The question raised in our consensus meeting was if the questionnaire should be disease specific or 

domain specific. Both are sensitive to the change between pre- and post-intervention. The domain-

specific Otology Questionnaire Amsterdam (OQUA) in daily practice could give more insight in the 

ear complaints in patients and make tailoring of each ear intervention possible. Next to the OQUA, the 

https://www.ichom.org/manuscripts/
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disease-specific chronic otitis media -12 (COMQ-12) is a frequently used questionnaire [75]. For both 

questionnaires there are pros and cons for use in cholesteatoma patients, which have been extensively 

discussed in chapter 4. PROMS are part of the outcome measures, as agreed upon in the national 

consensus. The question remains if it is better to use a questionnaire that is not specific for a typical 

disease (domain-specific), or for each disease a separate disease-specific questionnaires. For example: 

the OQUA is domain-specific and covers more ear complaints, which are also present in other ear 

diseases than the COMQ-12, whereas the COMQ-12 is tailored to patients with chronic otitis media 

specifically. Both questionnaires can be used both pre- and postoperative and are able to compare the 

results. When looking even at a larger scale the use of an overall health PROMS covering more general 

items can also be an option. Maybe the use of PROMIS (Patient Reported Outcomes Measurement 

Information System) can be of help as this system evaluates items that are important to all patients: 

physically, mentally, socially [115]. 

Hearing 

From chapter 4 we can conclude that patients indicate that post-operative hearing loss is one of the 

most important complaints and therefore an important outcome parameter. Before surgical removal of 

cholesteatoma it would be of great value to give an indication to the patient on their chance of 

retaining/improving their post-operative hearing. Therefore, we aimed to investigate this outcome 

measure in this study. There are different ways to report post-operative hearing results. We chose to 

use the Pure tone average (PTA), instead of the Air-Bone Gap (ABG). 

As stated in chapter 4, all patients report post-operative hearing loss as a complaint. These are patients 

with a mean postoperative hearing threshold of 40 dB HL and an ABG of 20 dB HL and therefore it 

is obvious that they report their post-operative hearing loss as a problem. A conductive component of 

20 dB HL already results in attenuation of all sounds and usually a person has a perceptive loss of  

around 20 dB HL. Next to that, the majority of this group has asymmetrical hearing loss, which makes 

participation in daily life even more difficult. This could indicate that personal perception of the patient 

of their hearing loss is different than is shown on the audiogram. This could also result in a surgeon 

that is really positive about the result of the ossiculoplasty, but a patient that is not satisfied with its 

hearing. Future research should focus on combining/ or report both, the patient-reported hearing loss 

and the objectively measured ‘audiometric’ hearing loss. 

Since we also aimed to take the effect of the ossicular chain reconstruction into account in our 

population we decided to choose for the ABG in chapter 5. From our work presented in chapter 5 we 

can conclude that the STAMCO classification does not correlate with the post-operative ABG whereas 

ChOLE does. The simplified version of the O-status in the STAMCO classification (1,2 or 3 affected 

ossicles) might lead to differences in interpretation, making correct scoring of the O-status difficult. 

The O-status of the ChOLE classification is more concrete and therefore correlates better with the 

hearing outcomes. Therefore, including the drawings of the different situations of affected ossicles of 

the ChOLE classification in the STAMCO classification could be beneficial for a more concrete 

scoring of the O-status. 

As mentioned in the paper the time point of the O-status differs between the STAMCO and ChOLE 

and could therefore explain that the ChOLE correlates with the post-operative ABG and the STAMCO 
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does not. However, others observed a correlation between the O using STAMCO and post-operative 

hearing [93, 98]. It must be noted that the study cohort in Van der Toom et al.,[56] was considerably 

larger than in our study. Directly correlating the O status with hearing outcome was not the main 

purpose of our study. However, answering this research question may be relevant for distinguishing 

between subgroups of patients when describing the pathology and may also provide the possibility to 

tailor the treatment for specific subgroups. The relevance of a subgroup is determined by the 

registration of the surgery and has an influence on the outcome. For example: if there is a difference 

in surgery (O1 status always receives a PORP and O2 always receives a TORP) it is relevant to 

distinguish these subgroups. If this then results in a better (hearing) outcome, the surgeon then may 

choose to always perform a PORP when a patients has a ossicular O1 status. A bigger cohort could 

indicate if such a correlation is present. If in a big cohort no difference is found (no correlation) 

between outcome hearing or correlation with surgery there is no relevant subgroup present in this 

population.   

Strengths and Limitations 

Our study had several strengths. We included information from both ENT surgeons and patients. In 

this way, a more inclusive view is given of both the impact of the pathology and the impact on daily 

life. Several centers in the Netherlands were included in this study and therefore a diverse cohort of 

patients is obtained. For the consensus study we included even more ENT surgeons that are affiliated 

with the Dutch ENT society and also input from patients was included. 

However this study also had some limitations. As the original aim of our study could not be 

investigated, the secondary and additional aims form the basis for this thesis. However, while 

answering the scientific questions of this thesis, we have to keep in mind that the inclusion criteria of 

the original aim of this thesis created a selection bias in our study population. Change in aim was due 

to several reasons as discussed in our letter to the editor (Annex 1). Next to this, the lessons learned 

from this study are based on daily practice and compromise all different levels of involved parties, 

such as patients, doctors, ENT association, hospitals, scientists, parties involved in research funding 

(government and private) and ethical commission. These lessons learned are included in chapter 7a. 

Future perspectives  

This thesis describes the initiation of an uniform registration of cholesteatoma care in the Netherlands. 

Following our consensus study, the Dutch ENT society has determined to adopt three main outcome 

measures: namely, the presence of cholesteatoma after surgical eradication in the first 5-years after 

eradication, hearing improvement after cholesteatoma surgery and complaints of cholesteatoma 

patients measured with a validated questionnaire. We presented an investigation of the latter two in 

our cohort. The follow-up period of our study was two years. We suggest that more research and longer 

prospective studies will have to be performed to investigate a longer follow-up period to assess the 

impact of these different outcome measures in daily life. Inclusion should not be compromised in order 

to have a better view at all subgroups of patients with cholesteatoma. We foresee that a national otology 

registry can improve the knowledge and help with more real-life data without any selection. 

Additionally, future studies should focus on further development, refinement and implementation of 
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the present classifications for both the pathology as the classification of the surgery. Patient factors, 

like age, smoking and comorbidities, should be the first box of interest. 

Conclusion 

The studies in this thesis show that several components that facilitate uniform registration of 

cholesteatoma care are already present (See figure 1 of general discussion). We reached consensus on 

agreements for uniform registration in the Netherlands and explained which steps are still needed to 

improve the quality of the registration of cholesteatoma care. It would be interesting to see that these 

agreements are implemented in practice, evaluated for practical applicability and are modified 

according to the needs of the professional and non the less the patients. 

Future research directions 

- To investigate and improve a longer follow-up of cholesteatoma patients in a multi-center study. 

- To evaluate implementation of consensus agreements in daily practice. 

- To set-up a national otology registry and evaluate the outcomes of the real-life data 

- To further develop uniform classifications. 
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Chapter 7a 

Lessons learned 
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We have acquired experience on several levels (funders, ethical commission et al) while setting up and 

perform the Dutch Cholesteatoma Data project. Below the different lessons learned per level are 

displayed. 

Financing parties  

 There was a long period between presenting for the ENT knowledge agenda in 2013 and awarding 

of the grant in 2016.  

 Daily practice went on in the period between the question from the field and the award of the grant. 

This has influenced many aspects. It is therefore of importance that after presenting for the 

knowledge agenda of the ENT association the study will start as soon as possible.  

 The possibility to alter or adjust the main question of the study prior to start of the study would 

keep the research up to date, enhance the feasibility and less frustration for the research group. 

 Due to the restriction of the duration of the project, the in- and randomisation moment was 

performed after primary surgery. It would be logic and ecologic to include patients before the 

primary surgery. 

 The most difficult part of the inclusion moment in the follow-up is that many surgeons already 

informed patients about the follow-up procedure before the primary surgery. This means that 

potential randomisation of possible candidates was influenced, which hampered inclusion. 

 

Working field 

 During the project the ENT association was informed about the progress. They were not able to 

fully support the set-up of the study and to enhance inclusion of patients.  

 As indicated by the working field, the Dutch ENT association is still developing in creating of 

support and to facilitate studies.  

 A joint meeting with representatives of the Dutch ENT association in which expected and possible 

studies and difficulties in support will be discussed would have been valuable for the course of the 

project.  

 The possibility of support/ local stimulation of the research in participating centers/networks 

would be of great value. 

Ethical commission 

 After answering the first round of questions of the local ethical submission, we received new 

additional questions.  

 Although the duration of application and answering was swiftly by the ethical commission, a single 

round of questions would be helpful when setting up a multicentre study. 

 

 Both the research institute and ethical commission judged the research as new care for the patient, 

however this is not the case with evaluation of standard care.  

 Warning in the patient brochure on paying for the mandatory own risk do not promote inclusion. 

The way in which the randomized controlled trial was set-up (usual care vs “new intervention”) 
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was not representative for the set-up. New agreements on the position of the classification of care 

evaluation is necessary.  

 

 Every participating centre needs to hand-in a research agreement when filing for ethical 

submission. The so called authorized signatory fort his research agreement is not clear for all 

parties in the field. This could mean that it will end up (possibly unjustified) on a managers desk 

of a participating center which could cause a delay.  

 In many ENT practices there is usually not one supervisor, or a managerial manager. In this way, 

the research agreement is forwarded to several managers/supervisors that can’t sign for the 

responsibility for participating in the study. 

Hospital 

 Procedures for participating centers to take part of a multicenter study are time consuming. A delay 

can occur due to different points in time, such as time for signing, busy agenda of managers or 

leave of absence.  

 In many centers there is still limited experience with the new guidelines of the CCMO in relation 

to local approval (one METC performs local approval and other centers have to follow this 

decision). In some centers the study was again tested for approval by a scientific board. 

 The procedure on local approval is different in every center. There are big differences in the amount 

of information that is needed and there is variation in the order of procedures that need to be 

followed. The project team needed to sort out for every center what the exact procedure was, which 

raised obstacles for performing the scientific investigation.  

 It is mandatory for participating surgeons to have successfully followed either the GCP or BROK 

course before being able to perform scientific studies. 

 The local principal investigators (ENT surgeons) does treat every participant that is participating 

in the study. Therefore this principal investigator needs to instruct their colleagues which could 

result in tension within the partnership. 

 According to the policy of the medical ethical committee, the information for the patients’ needs 

to be thorough. By doing so, patients are overwhelmed with information, which leads to making 

them hesitant to participate. 

 The new rules according to the CCMO guidelines need to be implemented more clearly in practice. 

This is of utmost importance for an ethical and local approval that is quicker. What is good to see, 

is that in the STZ-hospitals in the Netherlands procedures are more uniform, which leads to a quick 

local approval procedure. 

Surgeons 

 Surgeons have/get relatively little time for performing scientific research during their daily 

practice. This hinders patient inclusion. 

 Relatively few surgeons have their GCP / BROK certificate. Our experience is that no 

GCP/BROK certificate was an obstacle in many participating centers to obtain local approval. 
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In two participating centers, the missing certificate and the possibility to obtain a certificate by 

the surgeon within a short period refrained this center from even starting with inclusion. 

 Our experience is that in all participating centers knowledge on executing WMO-studies was 

not up to date. They had trouble with filling out the informed consent and screening lists. 

 We also noticed that inviting participants for scientific research is “challenging” because this 

procedure is perceived as “too formal”. 

 Cholesteatoma care is not yet  registered uniformly, this causes variations in reports of 

outcomes in care. 

 As mentioned before, it was difficult to involve the leading researcher in the project of each 

participating center. 

 The inclusion moment of the DCD-study was after primary surgery. Normally, this is preferred 

before intervention. What was difficult about the inclusion moment afterwards is that the 

follow-up of the treatment is discussed beforehand. This hinders inclusion. 

 

 Surgeons are enthusiastic and motivated to participate in research. However, support is of utmost 

importance. This can be done by the coordinating center or the use of a research assistant or 

research nurse in the participating center. It helps to have contact with the surgeons frequently or 

just visit the participating center. In this way, the coordinating center knows what happens and can 

help when there are problems. 

Research assistant / Research Nurse 

 It is helpful is there is a research assistant / study nurse for support with among others inclusion of 

patients. In several centers there was not such a person, or the leading surgeon preferred to be in 

the lead. 

 Our experience is that some research assistants were hesitant to fill in the eCRF, due to the fear to 

make mistakes.  

 

 A research assistant is of importance, because they can manage the administrative process instead 

of the leading surgeon. Email conversations on small matters from the coordinating centers can 

be handled quicker in this way. Furthermore, information on the primary surgery could be filled 

out by the research assistant / research nurse in the database. 

Patients 

 

 For patients cost effectivity of a follow-up strategy is no issue. 

 Patients prefer follow-up via MRI. A surgery is experienced as burdensome, due to the impact on 

daily life, the working situation and the chance of complications. 

 When evaluation and care projects are indicated as scientific research would be helpful. Many 

patients think they will undergo an array of tests, even when this is not the case. For almost all 

patient it is unexplainable why 5 pages of text are necessary to explain that the usual care is being 

investigated. 
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Chapter 8 

Summary  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 128PDF page: 128PDF page: 128PDF page: 128

Summary/samenvatting 

 

~ 118 ~ 
 

Rationale for this thesis 

Cholesteatoma is a rare disease, but if left untreated it can damage the delicate structures in the inner 

ear that are important for hearing and balance. Studies have been performed on cholesteatoma, but 

there are no national or international guidelines for registration of pathology, surgery or follow-up. 

Because uniformity of registrations is lacking, it is difficult to compare the outcomes of cholesteatoma 

treatment [101]. A classification system that enables uniform registration of cholesteatoma pathology, 

surgery and outcome is necessary to share findings and compare outcomes [59]. Besides this, there is 

a shift towards patient centered care, which makes the demand of collecting patient reported outcome 

measures via questionnaires more important [116]. This thesis describes methods used in this study to 

work towards an uniform registration in cholesteatoma care, while taking PROMs and electronic 

medical record (EMR) data into account. 

Chapter 2 includes a comparison between the two most recent cholesteatoma classification systems 

STAMCO and ChOLE. This was performed via scoring by raters of all surgical reports with both 

classification systems for localization/extension of cholesteatoma, complication status and ossicular 

chain status. The percentage agreement and interrater agreement were determined. The interrater 

agreement was compared as a whole between the two cholesteatoma classifications systems. The 

STAMCO classification scored better on the localization / extension item, whereas ChOLE scored 

better on the ossicular chain status item. Both classification systems scored low on the complication 

item but this was poorly registered in the surgical reports. 

In Chapter 3 the old system (CWU & CWD) of surgical classification was compared with the new 

surgical classification system SAMEO-ATO. This was performed via retrospectively scoring of the 

surgical reports for the old and new surgical classification system. Correlations of these outcomes were 

calculated. The M-stages seem to correlate well to the standard CWU and CWD, except for one M-

stage. The CWU procedure correlated with the M1a, M1b and M2a of the SAMEO-ATO classification. 

The M2c of the SAMEO-ATO classification correlated with the CWD procedure. The M2b procedure 

could not be correlated with either the CWU or CWD procedure and may therefore be considered as 

an “inbetween” stage. 

In Chapter 4 the patient reported complaints, reported post-operative hearing ability and impact over 

time were longitudinally assessed. These patient reported outcomes were obtained via surveys that 

were sent out once a year postoperatively for a period of 2 years. These patient reported outcomes 

were analyzed using linear mixed models. Hearing loss and tinnitus were the most frequently reported 

postoperative complaints over time. Patient-reported loss of taste and the impact of all complaints 

declined over time. All other patient-reported complaints remained stable over time, only itch 

complaints fluctuated. Primary cholesteatoma patients scored significantly higher on hearing loss 

complaints compared to recurrent/residual patients although they had comparable mean audiometric 

hearing loss. Furthermore, hearing threshold, instead of asymmetric hearing loss, was correlated with 

the localization domain of the SSQ. 

Chapter 5 describes the study performed to determine the relationship between the ossicular chain 

status both prior to cholesteatoma removal and before Ossicular Chain Reconstruction (OCR), with 

the postoperative hearing for both the STAMCO and ChOLE classification. Next to this, the effects of 
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the different OCR procedures used in daily practice were assessed. This was performed by analyzing 

the differences in the postoperative air-bone gap between the different ossicular chain status (number 

of affected ossicles), classified according to the STAMCO and ChOLE system by means of Kruskal-

Wallis tests. Lastly, staged reconstruction was compared to primary reconstruction. The ChOLE 

classification is significantly associated with the postoperative air-bone gap, which was not found for 

the STAMCO classification. No  significant difference was found between different OCR procedures 

in patients with the same ossicular chain status for the postoperative air-bone gap. The choice to 

perform a staged OCR has no significant effect on the hearing results. 

In Chapter 6 the Delphi method to coordinate and align the content for registration of cholesteatoma 

care in The Netherlands is described. The Delphi consensus procedure used in this study consisted of 

three rounds (two written sessions and one face-to-face meeting). Input on patient outcomes for this 

Delphi consensus procedure were obtained prior to the consensus procedure. Three outcome measures 

were obtained: 1) the presence or absence of a cholesteatoma in the first 5 years after surgical removal 

of cholesteatoma, 2) hearing level after surgical removal of cholesteatoma, and 3) the documented 

assessment of patient’s complaints with a validated patient reported outcome measures questionnaire 

(PROM). Consensus was reached on the registration of cholesteatoma type (residual/recurrent), 

localization of cholesteatoma, and reporting of the presence of cholesteatoma in the follow-up. 

Chapter 7 provides a general discussion on the main findings and provides a reflection on these 

findings. The studies in this thesis show that a good foundation has been set out for uniform registration 

in The Netherlands, which is supported by the ENT society. Next steps should include further 

substantiation of this foundation by ensuring the implementation of agreements made, supporting the 

Otologic Quality registry and further development of cholesteatoma classification systems and surgical 

classifications present today. This will facilitate monitoring and feedback to the ENT surgeon about 

cholesteatoma care in the future. 
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Chapter 8 

Samenvatting 
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De motivatie achter dit proefschrift 

Cholesteatoom is een zeldzame aandoening die, wanneer onbehandeld, de kwetsbare structuren in het 

oor die belangrijk zijn voor horen en evenwicht kan beschadigen. Er zijn studies gedaan naar het 

cholesteatoom, maar er zijn geen nationale of internationale richtlijnen voor de registratie van de 

pathologie, chirurgie of de follow-up ervan. Omdat registratie op dezelfde manier onder alle KNO-

artsen ontbreekt, is het moeilijk om uitkomsten van cholesteatoomzorg te vergelijken [101]. Een 

classificatie system dat gelijke registratie van pathologie, chirurgie en follow-up mogelijk maakt is 

nodig om bevindingen met elkaar te delen en ook om uitkomsten te vergelijken [59]. Er is een trend 

zichtbaar naar zorg waarin de patiënt centraal staat en dit maakt de vraag naar het verzamelen van deze 

patiënt gerapporteerde uitkomstmaten via vragenlijsten extra belangrijk [116]. Dit proefschrift 

beschrijft studies die zijn uitgevoerd om toe te werken naar een uniforme registratie van 

cholesteatoomzorg in Nederland. Daarin zijn de patiënt gerapporteerde uitkomstmaten en data uit het 

elektronisch dossier meegenomen. 

Hoofdstuk 2 beschrijft de vergelijking die is gemaakt tussen de twee meest recente classificatie 

systemen van cholesteatoom namelijk STAMCO en ChOLE. Tijdens deze studie hebben KNO-artsen 

de geïncludeerde OK verslagen gescoord voor beide classificatie systemen voor lokalisatie/extensie 

van het cholesteatoom, complicaties en de status van de gehoorbeenketen. Het percentage van 

instemming en interrater betrouwbaarheid zijn bepaald. De STAMCO classificatie scoorde beter op 

het item van lokalisatie/extensie en de ChOLE scoorde juist beter voor de status van de 

gehoorbeenketen. Beide classificaties scoorden niet goed op het complicatie item, maar dit was ook 

slecht geregistreerd in het OK verslag. 

In hoofdstuk 3 is het oude systeem van operatie methoden (CWU & CWD) vergeleken met het nieuwe 

classificatie systeem SAMEO-ATO. Dit is gedaan door achteraf de OK verslagen te scoren op zowel 

de oude als de nieuwe methode. Correlaties tussen deze uitkomsten werden daarna berekend. De M-

niveaus lijken goed te correleren met het oude systeem, behalve 1 niveau. De CWU correleert met 

M1a, M1b en M2a van de SAMEO-ATO classificatie. De M2c van de SAMEO-ATO classificatie 

correleert met de CWD. De M2b correleert met geen van beide en lijkt hiermee een “tussenin” niveau. 

In hoofdstuk 4 zijn door de patiënt gerapporteerde klachten, gerapporteerde postoperatief gehoor en 

de impact over de tijd geanalyseerd. De patiënt gerapporteerde uitkomsten zijn via vragenlijsten 

verzameld over een periode van 2 jaar en zijn geanalyseerd middels lineaire mixed modellen. 

Gehoorverlies en tinnitus zijn de meest gerapporteerde klachten over de tijd. Het door de patiënt 

gerapporteerde smaakverlies en impact namen af over de tijd. De andere klachten bleven stabiel over 

de tijd, alleen de klacht jeuk fluctueerde een beetje. Patiënten met een primair cholesteatoom scoren 

relatief hoger op gehoorverlies klachten vergeleken met patiënten die al eerder een cholesteatoom 

hebben gehad, ondanks dat de mate van het gehoor gelijk was. Daarnaast was de gehoordrempel in het 

audiogram gecorreleerd met het lokalisatie domein van de SSQ vragenlijst in plaats van aan het 

verwachte asymmetrische gehoorverlies.  

Hoofdstuk 5 beschrijft de studie waarin geprobeerd is de relatie tussen de status van gehoorbeenketen 

zowel voor als na cholesteatoom verwijdering en voor gehoorbeenketen reconstructie met het 

postoperatief ABG (geleidingscomponent) van zowel cholesteatoom classificatie STAMCO als 
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ChOLE te bepalen. In die studie is ook gekeken of er nog een effect is van de verschillende 

gehoorbeenketen reconstructie die in de dagelijkse KNO praktijk worden toegepast. Hiervoor zijn de 

verschillen in air-bone gaps tussen de verschillende reconstructie procedures geanalyseerd middels 

Kruskal-Wallis tests. Ook is er nog gekeken of het uitstellen van de gehoorbeenketen reconstructie 

voordelen heeft voor het gehoor. De ChOLE classificatie correleerde met de postoperatieve 

geleidingscomponent van de ABG. Dit was niet het geval voor de STAMCO classificatie. Er waren 

geen significante verschillen tussen de verschillende reconstructie procedures binnen patiënten met 

dezelfde schade aan de gehoorbeenketen. Evenmin was er een effect van het uitstellen van de 

reconstructie procedure. 

Hoofdstuk 6 beschrijft een Delphi methode die is gebruikt om de inhoud van registratie van 

cholesteatoomzorg te coördineren en af te stemmen. De Delphi consensus procedure bestond uit drie 

rondes, waarvan 2 schriftelijke en een bijeenkomst. Input van patiënten was verzameld voorafgaand 

aan het proces. Tijdens deze studie zijn 3 uitkomstmaten bepaald: 1) aan- of afwezigheid van 

cholesteatoom in de eerste 5 jaar na verwijdering, 2) gehoorniveau na verwijdering van cholesteatoom, 

3) Documenteren van patiënt gerapporteerde klachten middels gevalideerde vragenlijsten. Er is 

overeenstemming bereikt over de registratie van het type cholesteatoom (residu/recidief), de lokalisatie 

van cholesteatoom en het rapporteren van de aanwezigheid van cholesteatoom tijdens de follow-up. 

Hoofdstuk 7 bevat een algemene discussie waarin kritisch wordt gereflecteerd op de belangrijkste 

bevinden. De resultaten van de studies in dit proefschrift vormen een goede basis voor uniforme 

registratie van cholesteatoomzorg in Nederland, die ook door de KNO vereniging wordt gesteund. De 

stappen die belangrijk zijn om deze ontwikkeling door te zetten zijn: garanderen dat de gemaakte 

afspraken worden geïmplementeerd, en het kwaliteitsregister voor otologie en ook de classificaties 

voor cholesteatoom verder ontwikkelen. Dit zal uiteindelijk in de toekomst het monitoren van en 

feedback krijgen over de cholesteatoomzorg faciliteren en de zorg van de KNO-arts verbeteren. 

 

 

 

 

 

 

                        

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 133PDF page: 133PDF page: 133PDF page: 133

Summary/samenvatting 

 

~ 123 ~ 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 134PDF page: 134PDF page: 134PDF page: 134

 

 

~ ~ 
 

  



576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije576906-L-bw-tenTije
Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022Processed on: 3-5-2022 PDF page: 135PDF page: 135PDF page: 135PDF page: 135

Insights gained in a RCT 

 

~ 125 ~ 
 

Annex 1 

Design of a Cholesteatoma classification 
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Merkus, P., ten Tije, F.A., Stam, M., Tan, F.M.L., Pauw, RJ. Implementation of the 

“EAONO-JOS definitions and classification of middle ear cholesteatoma” – from 

STAM to STAMCO. Journal of International Advanced Otology. 2017. 13(2): 272-

274. 
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Letter to the editor 

Implementation of the ‘EAONO-JOS Definitions and Classification of Middle Ear 

Cholesteatoma’. From STAM to STAMCO 

 

Dear Editor, 

 

Recently, the European Academy of Otology and Neuro-Otology (EAONO) in cooperation with the 

JOS published a new cholesteatoma classification based on an international consensus on the 

definitions, classification, and staging of Middle Ear Cholesteatoma [52]. As it is the era to collect and 

to report on uniform and comparable data, this is a very welcome consensus statement. We are, 

currently, setting up a new nationwide, multicenter study in the Netherlands, entitled Dutch 

Cholesteatoma Data, in which we would like to implement this guideline. To inform colleagues about 

our local experiences and choices so far, and we are, therefore, writing this letter.  

 

Although the EAONO-JOS consensus statements are clearly presented, we encountered some 

difficulties with the classification. First, we think that the divisions of the middle ear space need some 

further specification. The anatomical sites as presented in the figure  and in the text of the consensus 

statements[52] can be interpreted variously and show some ‘blanc spots’. For instance, the boundaries 

as used for the anterior epitympanic space are unclear, which in addition to the variation in anatomy 

and exposition in this area (canal wall up, canal wall down, microscopic, endoscopic) will most likely 

result in non-uniform registration. Secondly, we strongly believe that there is primarily a need to 

elaborate on the classification rather than simplify it with a staging system. Gathering classification 

data on extent, complication and ossicular state, using an easy format will make it possible to monitor 

surgical outcomes. This will allow comparisons between different hospitals, publications, and 

classifications. When large numbers of data on outcome in relation to the classification will become 

available, results can be used to propose different stages. To improve practical applicability of the 

EAONO-JOS joint statement in our national study, we have proposed to our participating ENT 

surgeons the following modifications:  

 

1. the borders of the divisions of the middle ear and mastoid are further defined, and consequently 

the figure of the consensus paper is refined1  

In the EAONO-JOS consensus statement the middle ear and mastoid space are divided into four sites 

in order to classify the extent of cholesteatoma: difficult access sites (S), tympanic cavity (T), attic 
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(A), and mastoid and antrum (M). The difficult access sites (S) further include S1, the supratubal 

recess, and S2, the sinus tympani. We propose to define the anatomical divisions of middle ear and 

mastoid in more detail using surgical and anatomical landmarks. These landmarks are based on a 

selection of published papers on this topic are highly likely to be identified both on CT-scans and 

during all types of surgical approaches, and are thus less prone to various interpretations[117-119]2,3,4.   

Table 1 summarizes our suggestions for further specification of the borders between the different sites 

of the middle ear and mastoid. In addition, Figure 1 shows the updated illustration based on those 

refined borders. 

 An advantage of a more detailed description of these borders can be illustrated by the following 

examples, describing the difference between A (Attic) and S1 anterior. In case a cholesteatoma extends 

to the level of the head of the malleus, but not further anteriorly: A (Attic) should be reported. In case 

a cholesteatoma extends anteriorly to the head of the malleus: S1 should be reported too. The head of 

the malleus is the most prominent landmark and likely to be visible at CT, with a microscope or 

endoscope. Also the other borders are refined following this line of reasoning.  

 

2. STAM system is elaborated to STAMCO, by inclusion of the status of complications (C) and 

ossicular chain (O)  

Classifications are designed to improve outcome comparison. One of the most important postoperative 

outcome measures is residual or recurrence of cholesteatoma, in which the location of cholesteatoma 

will probably be the most important perioperative parameter. This is perfectly registered in the STAM 

system. Still, two other postoperative outcome measures, complications and hearing, are not directly 

related to the perioperative extent of cholesteatoma (STAM). As shown in Table 1 we propose to 

include alphabetic character C for the presence of pre- or perioperative complications. The consensus 

statement does take complications into account by staging directly as stage III or IV, but by doing so, 

information on the perioperative extent of the disease is lost. It is yet to be determined whether the 

presence of a complication is related to worse postoperative outcome. By omitting the information on 

extent of the disease, it may not be possible to demonstrate such a relationship. A better solution is to 

first implement a standard monitoring option of intra- and/or extracranial complications, like we intend 

with the letter C. It should be noted that CSF leak (not mentioned in the consensus paper) may be 

considered as an extracranial complication. 

In line with the presentation by the Swiss Society of Otolaryngology – Head & Neck Surgery on their 

proposed classification during the 10th International Conference on Cholesteatoma in Edinburgh 2016 

we additionally suggest to include the alphabetic character O for ossicular chain status during surgery 
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in the classification[120]. The status of the ossicular chain is important to report, because this 

represents the impact of cholesteatoma and certain ossicles are more important in chances of hearing 

reconstruction. Extending the classification contributes in correlating the hearing-related outcomes 

with the primary disease process[47]. The relevant aspects of existing classifications as proposed in a 

recent review are in our opinion better represented by the STAMCO system[101]. 

 

3. To currently postpone staging 

Based on the extent of cholesteatoma and on the presence of extracranial or intracranial complications, 

the EOANO/JOS consensus statement proposed to stage cholesteatoma into four stages1. This staging 

system implies a correlation between a higher stage and a worse outcome. As this correlation has yet 

to be demonstrated, it seems premature to currently implement this staging system. Therefore, we 

would like to propose to postpone staging. When in the future the classification system is widely 

implemented, and has led to uniformity in reported case series, outcome data can be correlated to the 

classification. This can serve as the basis of a staging system. This is comparable to the way the 

internationally accepted TNM classification for malignant tumors has been implemented: first the 

TNM classification by anatomical extent of the disease was adopted in 1952. After several years of 

research the outcomes where then published and consensus meetings were held to stage the disease 

based on classification and outcome (for up-to-date version check www.uicc.org/resources/tnm).  

 All in all, we would like to acknowledge the European and Japanese societies for their big effort 

and great work on classification and staging of middle ear cholesteatoma. It is a big step forward, and 

we are keen on implementing the classification in our national cholesteatoma study. To facilitate its 

implementation as a national standard we propose to further refine the borders of the divisions by 

anatomical landmarks, and to modify the classification from STAM into STAMCO (S: difficult access 

Sites; T: Tympanic cavity; A: Attic/epitympanic space; M: Mastoid and antrum; C: Complication 

status; O: Ossicular chain status).   

https://www.uicc.org/resources/tnm
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Table 1: STAMCO cholesteatoma classification system: registration of extent of cholesteatoma 

(STAM), complications (C) and ossicular chain status (O), during surgery, based on STAM system as 

presented by EAONO-JOS. 

Letter Explanation Further classified as To be defined by anatomical landmarks as 

S Difficult access sites S1: difficult anterior area 

(anterior epitympanic space / supratubal 

recess) 

The area anterior/antero-inferior to one of the 

following: 

 malleus head  

 cog  

 tendon of the tensor tympani 

 cochleariform process 

 virtual plane drawn through the anterior margin 

of the tympanic annulus 

 

  S2: difficult posterior area 

(sinus tympani) 

The area posterior to an imaginary line between 

posterior boundaries of round and oval window, 

medial and caudal to pyramidal process, and medial to 

vertical portion of the facial nerve. 

T Tympanic cavity   

A Attic/ epitympanic 

space 

 This is the area between: 

 Anterior: malleus head (part of epitympanum) 

 Posterior: fossa incudis or tip of the short 

process of the incus  

 Superior: tegmen middle fossa 

 Lateral: scutum and Shrapnell's membrane at the 

level of tympanic annulus 

 Medial: labyrinth bone, facial nerve (tympanic 

portion) 

The attic/ epitympanic space contains the malleus 

head, body of incus and short process of the incus 

M Mastoid & antrum  The anterior border of the mastoid & antrum starts 

posterior to the fossa incudis/ short process of the 

incus 

C Complication status Cn: no complication 

C1: extracranial complication 

C2: intracranial complication 

remark:  

CSF leak may be considered as extracranial 

complication 

O Ossicular status at the 

beginning of the surgery 

On: no ossicles missing or destructed 

(intact ossicular chain) 

O1: one ossicle missing or destructed, 

malleus present, stapes present, incus 

missing or (partially) destructed 

O2: two ossicles missing or destructed, 

malleus present, incus missing or partially 

destructed, stapes suprastructure 

destructed 

O3: three ossicles missing or destructed 

or any situation with a fixed stapes 

footplate. 

Ox: unknown status of the ossicles 

remark:  

Add “p” behind when a prosthesis is present (for 

instance, O2p) 

We recommend to also register the location of cholesteatoma as follows: 

 STAM1CO = 1 location 

 STAM2CO = 2 locations 

 STAM3CO = 3 locations or more, or one of the S locations involved 

Add “r” when a revision surgery in front is performed:  rSTAMCO 
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Annex 2 

Insights gained while setting up  

a randomized controlled trial (RCT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published as:  

ten Tije, F.A., Pauw, RJ., Kramer, S.E., & Merkus, P. Re: MRI in otology: 

applications in cholesteatoma and Ménière's disease. Clinical Radiology. 2019. 74(9), 

726-727. 
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Letter to the editor 

MRI in otology: applications in cholesteatoma and Ménière‘s disease. 

Sir — Recently, Lingam and colleagues published a review on the use of diffusion-weighted imaging 

(DWI) magnetic resonance imaging (MRI) in the imaging of middle-ear cholesteatoma.1 In this 

review, as well as in the meta-analysis paper of 2017, Lingam and colleagues remark that a large 

multicenter randomized controlled trial (RCT) is needed to evaluate the cost-effectiveness of DWI 

compared to second-look surgery1,2. 

In 2016, we set up such a multicenter study, including an RCT in the Netherlands, entitled Dutch 

Cholesteatoma Data (DCD; trial no.: NL5899). The main research question of this RCT was to 

determine the cost-effectiveness of MRI DWI compared to second-look surgery in the follow-up of 

cholesteatoma surgery. Alongside the RCT, we collected observational and quality-of-life data from 

all our participating centers. 

We encountered difficulties throughout the conduct of the study, especially with the inclusion of 

patients, and were finally compelled to stop the RCT; however, the study is still ongoing to answer 

additional research questions. In reaction to the suggested research question, we would like to share 

the set-up of our study and the reasons why we could not succeed in answering this important research 

question. 

In the DCD study, 16 hospital-based otolaryngology centers spread across The Netherlands are 

participating. Adult cholesteatoma patients were included in the RCT after their surgery. The inclusion 

criteria were (a) age >18 years; (b) canal wall-up surgery for cholesteatoma ≤11 months ago; and (c) 

a primary or recurrent cholesteatoma. Exclusion criteria were (a) pregnancy and (b) not willing or able 

to undergo DWI MRI. After inclusion, patients were randomized to two arms, either the MRI 3-year 

annually or second-look follow-up strategy. The presence of cholesteatoma, hearing, complications, 

complaints, and costs were all monitored. 

We had to stop the RCT for three reasons: first, both the patient and the otolaryngology surgeon 

commonly prefer DWI MRI in the follow-up of cholesteatoma instead of second-look surgery. Patients 

view second-look surgery as stressful due to the impact of surgery on daily life, work situation, and 

the possible complications that can arise. This led patients who met the inclusion criteria to choose not 

to participate in the RCT as they almost all preferred MRI and did not want to have the study allocate 

them to surgery. Furthermore, the unknown cost-effectiveness question does not seem to concern the 

individual patient when offered participation in an important RCT. Lastly, it seems that second-look 

surgery has been caught up by the MRI technique, and the MRI technique is almost fully implemented 

as the standard follow-up method of choice. The set-up of our study was appropriate to address the 

research question, but by the time we obtained approval to start patient recruitment, it seemed that 

many otolaryngology surgeons had already counselled their patients in favor of MRI. In order to still 

pull off an RCT, the time of inclusion and the actual implementation of the MRI are crucial. Once the 

patient has the idea that MRI is an equal option to second-look surgery, they do not want to be 

randomized. 
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Although the RCT study was stopped, a few welcome side effects arose. An overview of current 

cholesteatoma care practice containing observational data from the multicenter DCD study has been 

achieved. In addition, we have established, by means of a consensus method, a framework for uniform 

registration of cholesteatoma care in The Netherlands. 

All in all, we support the quest to find the answer to the cost-effectiveness question, but practical 

implementations of an RCT comparing a MRI versus surgery should have been done as soon as the 

new MRI method was gaining ground, not at the point when it is almost fully accepted and easily 

accessible.’ 
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er voor mij en geloven in alles wat ik doe. 
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~ 150 ~ 

 

 

Lieve Léon, dank dat ook jij mijn paranimf wilt zijn en dat jij naast mij wilt staan als 

broer tijdens mijn verdediging. 

 

Lieve Guy, mijn steun en maatje. Ik ben je onwijs dankbaar voor je steun en liefde. 

 

Lieve Andy, mijn mooie mannetje. Ik hoop dat als je later dit boekje doorkijkt en leest 

je een beetje trots zult zijn op je mama. Ik hou van jou en zonder jou in mijn buik had 

ik statistiek waarschijnlijk nooit gehaald. 

 

Lieve Oma, het is jouw tuttebol eindelijk gelukt. Ze mag zichzelf doktor noemen, iets 

wat jij helaas niet meer kan meemaken. Ik hoop dat je vanaf je grote wolk toekijkt, trots 

bent en eenieder die het maar wilt horen daarboven vertelt dat jouw kleindochter doktor 

is. Dit proefschrift is voor jou! Ik mis je. 
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OF CHOLESTEATOMA CARE
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